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FORFWORD

This document is part of a three volume report prepared under NASA Ames
Contract NAS2-10294, Mathematical Modeling for Vertical Attitude Take-Off
and Landing (VATOL) Simulation. Volume I: Mhodel Description and Application
provides background and details of a generic mathematical model for simulation
of VATOL aircraft concepts. A six-degree-of--ireedom off-line (non-piloted)
digital simulation program incorporating this model was developed and applied
to the Vought SF-121 VATOL concept. Volure I gives results of this application
which included development and demonstration of a control system for terminal
VATOL operations. Volume II: Model Equations and Base Aircraft Data gives
all the model equations and SF-121 air:raft data in a simulation data package
format. This volume facilitated the development of a piloted VATOL simu-
lation at NASA Ames. Volume III: Users Manual for VATOL Simulation Program
provides a description of the six-degree-of-freedom off-line digital simulation
program, instructions for its application, and examples of setup decks and out-
put for several of the SF-121 application rums.

Project Monitor for NASA Ames was Mr. Gary Hill. The Principal Investi-
gator for the Vought Corporation was Robert L. Fortenbuagh.
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1.0 Introduction

The basic objective of this document is to present without discussion
all the equations which have been incorporsated in u VATOL six-depree-of-
freed'm off-line digital simulation program and data for the Vought. SF-121
VATOL aircraft concept which served as the baseline for the development of
this program. For details and background of the various mathematical models
the reader is referred co Volume I of the documentation for this contract.
The equations and data are intend. ' to facilitate the development of a
piloted VATOL simulation at NASA Ames.

The equation presentation format is to first state the equations which
define a particular model segment. This is followed by listings of con-
stants required to quantify that model segment, input variatbles required to
exercise the model segment, and output variables required by other model
segments. In several instances a series of input or output variables are
followed by a section number in parentheses which identifies the mode!
segment of origination or termination of those variables.

2.0 Total Airplane Forcus and Moments

Lo Xoor = Errst * Fram * Xarro * Xres * Xcor

2. Y - Y

1oT * YrRST * YRam * Yapgo * Yres * ¥

Cs COR

3¢ Zogr ™ Zypst * Zpam * Zagro * ZRes

4 Lpor ™ Lygst * Lpam * Lagro * Lres * Lcor

5S¢ Mpor = Mppor * Mpam * Magro * Mres * Meor

6. Npor ® Nepst + pare + Nagro * Mres

Inputs: xTRST’ YTRST’ ZTRST' LTRST’ MTRST’ NTRST (Sectfon 2.0.2)

xRAM' YRAM’ ZRAM’ LRAM’ MRAM’ NRAM (Section 2.0.3)

Xero® YaERD® %A RO® UAREO® MAERO® MapRo (Section 2.0.1)



Xpcs® Yres® Zres’ Lres® Mres® Npes (Section 2.0.4)
Xcor® Ycor® Zcor* “cor® Mcor® Ncor (Section 2.0.5)

Qutputs: Xpors Trors Zror Lror Mror Nror

2.0.1 Aerodynamic Forces and Moments

2.0.1.1 Wing Forces and Moments

Equations 1 through 13 in this section apply to the left wing (I = 1)
and right wing (I = 2) by appropriate changes in constants. The equa-
tions are written in DO loop format with index (I) = 1 and 2.

L. XD = FSqo - FS(D)
2. Yome(D) = BL,(I) - BL..
3o Zypne(D) = Wigg - Wiy(D)
b ug =gt a Gupn(D

5. Wy mv,s — 9 K@D

6. V(D =/ + @
7. bag (D) =Ky (D

8. aw(I) - tan"l(%/uw)

(1)

9 ag(D) = (D) + (D) + 4% (D)

10. KTEFW - flAERo(cme(I))

11, 8ipp (I) = § (1)
TEF, “re8_TEF,,
The calculations indicated functionally in equations 12 through 15 are
performed by the genevalized aerodynamic equations of Section 2.0.1.4.

12, C. (I) = fL(GLEFw(I), G'i'EFw(I)' a{I(I), aero constants)

Ly



13. CDH(I) - fD(GLBF“(I). G'I’EF"(I)' o{,(l), asro constants)

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

25.

26.

9y = 0.508

me(I) - fm

(Gwa(I), G.I.EF"(I). u‘;(l). aero constants)

AwaNG(I) - fo(Gme(I). Gi.m_.w(l), uﬁ(l). aero constants) u‘;(l)m.

ch‘r - O.S(CL“(ZD + CL"(Z))
CDHT - O.S(CD"(I) + CD“(Z))

ar = 0.5(a (1) + a3(2))

Vyy = o.S(vxz(l) + vxz(z))

T

B, = tan! Cas/v

VZ

Xz,

)
Xy

q;,(I)<O .

Cn = —[ ARw + 6(A8w+cosA;‘) [O'S(XWING(1)+XWING(2))t°nAk/ (CHMV)

Pe,

0
b/V =
O.Sbw/sz

L = by I(Cz +Cy

S

S

8

©

NW = qwbw [(qls +C

"

‘L

2
CL

v

+ (tanA“)2/12]] / (6AR Hacosly )

=0

Xz

Vx

C, i, + (b/V)(C
8 Lwrs‘" ' c‘m

C

7 %0

LHT

+ (b/V)pe C, C
o ]

L

C

2 )8, + (b/V)r.s(Cn

L

r

2
c +C
c2 LWT B
L

C

D

rs + Cz ps )'l
Py

c, )
DWT



27.

28.

29,

30

31.

32.

33.

35.

36.

37.

38.

39.

40.

X,(1) = 0.5 g, [C,_“(l) sin(a, (1) - ¢ (1) cos (a,,(1)))]
X, (2) = 0.5 q [c,_w(z) stnlay () - & ) coe(ay,(2))]

2,(1) = 0.5, [“‘1."(1’ cos (@, (1)) - G (1) sin (o, (1))]

. 7,(2) = 0.5, [-ch(z) o (o (2)) - € (2) sin (o, (2))]

a” = - 0.5 (L.(1) + 1.(2)) - 0.5 (8a, (1) + Aa, (2))
T L L Sen Sou

- cos a° - sin a”
LwB st NwS

- cos a” + sin a“
NwB NwS LwS

=30 [C. +0.5(C_ (1) +cC_ (2)
HWB W W [ mow mw mw ]

BX, = X,(1) + X, (2)

Bty = Yy

82, = 2,(1) + 7,(2)

My =y ¥ 2y D) Yypo (@) + 2y(2) Yyppg (@) = 0.5 Yy (B (@)
* Zyne(®)

By = M+ R B By GypyeD) - G AR

X2 21 ()5 (2) (g (D) -ARypyg (D)ey)

N, = NwB = X (L)Y e (1=K ()Y 1 (2)40.5Y, [mec(l)

+ X - XN (V48X gy (2))e ]

&



Coustanta: FS.., WLCG, BL.qs FSw(l), st(Z). WLw(l). HLw(Z), BLw(l),

By Ky (1), Ky @), 1,10 £, Sy by G ©p
c C

o

.cn 1 ] 'cm 1
L 2 e g CYBC%. ™ R

Inputs: Uygr Vas® Yagr O Pgr Ty 6cw(1). Gcw(z). 6LEFW(1)' GLEFW(Z)'
§ 1), ¢ 2), o
TEFw TEFW

Outputs: bK,, 8Y,, AZw. OLyys AMy, AN, (Section 2.0.1.6)
O CD ’ CLNT (Section 2.0.1.2)
WT

2.0.1.2 Horizontal Tail Forces and Momen:

These equations apply to both tail forward and tail aft configurations

with appropriate change of constants.

1. X = FS - FS,
2. g = BL - BL,
o Ty = Whgg -~ Wy
b X = 0.5 (K (DK (23) = Xy = 0.6 by cos [0.5(1,(D+,2)] /4R,

5. Zugy = 0.5 (W21 (2) - Zy + 0.6 by sin [0.501,(+1,,(2))] /ar,
6. A - tan~! (ZWEL/XWEL)

o D v Rpithmr ARy
8. Uy ® U + qZH - rYH

- W -
9. vﬂ AS + pYH qXH



10. €= (e/CLH)CIm

1. ¢ = 0.5(8 (1) + 8§ (2))
TEF, TEF,, TEF,;

12. ¢ = 0.5(6 (1) + 6 (2))
LBFA LEF,, LEF,

13. A°1 = O + 0.01745
14. Aaz = Oy = 0.01745

The calculations indicated functionally in equations 15 and 16 are per-
formed by the generalized aerodynamic equations of Section 2.0.1.4.

15. cLl - EL(GLEFA’ 6TEFA’ ba,, aero constants)

16. cL2 - fL(GLEFA' STEFA’ 8a,, aero constants)

(e/cy ) (cLl-cLz.)& [Fsg - 0.5(Fs, (1)+F5,(2))] /(5) (0.0349) w, <5

(e/cy ) (cLl-cLz)& [Fsy - 0.5(rs,(1)+Fs(2))] /(0349 uwp) w, > 5

18. 336 - Ka §

e Ge

17. Acu -

e
19, oy = tan“(w“/uﬂ) - €+ Bag + 1 + dag
e

The calculations indicated functionally in equations 20 through 23 are per-
formed by the yxeueralized aerodynamic equations of Section 2.0.1.4.

20, CLH - fL(GLEFH' GTEFB’ Gy, aero constants)

21. Cmn - fm(GLEFH’ GTEFH’ Gy aero constants)

22. CD3 - fD(GLEFH' GTEFH' aps aero constants)

23, AXHT- AX(GLEFH’ GTEFB' Gy» @ero conetants) aH:G
0 aH<O.



24,

25.

26.

27.

28,

29.

30.

31.

32.

33.

34,

35.

36.

Constants:

Inputs:

AH =g -0+ ANEL
D“s = D | sinay) |

By = Dumy | coslap) |

Z = 0.68 ﬁ (@. +0.15)
Dur B

2
2.42 cos(D,, n/(2Z)) /(p,, +0.30)
Jt%%mr [ Hg T] nac
< Zand |A|'€
P gl E

0 Dy Zox|al> 7 or X2 0.
= 0.508,(1. - (AE/HO))(u§ + w2 )

(8g/q)) =

9EFF

%, " %8~ iy - bag

AX = EEFF(CLH sin aﬁl - CDH cosaﬂl)
AYH = Q
ZH qEFF LB cosuHl - CDH sinual)
ALH = AZHYH - AYHZH
My = Ty * Co) + Mty - M2y = Siggey)

"
ANa - -AxHYH + AYH(XH - Axurcﬂ)

WL BL

cc* FSgr Wiy B’-H by ARy, 1,(1), 1.(2)

(C/CLH)' st(l)’ st(z)D 06 1 SH! i'ﬂ’ H 14 Cmon

e

FSagr Wlege

2), ¢

uAS' wAS' Py Q, T, &: Qa, GTEFw(l)' GTEFW LEFw(l)’

§

L' anT' Py 6LEFH’ TEF,

7

SLEFW(Z)’ Sgr C



Outputs: Axn. AYB’ Azn, ALH, AHH, ANu (Section 2.0.1.6)

2.0.1.3 Vertical Tail Porces and Moments
1. Xy = FSpq = F§y
2. Yv - BLv - BLCG
3. Zy = WLy - WL
4, U, = U + qzv - er
S. YW Vs . - Kv) - pzv + Xy
6. = f 6.)
KE": 2\ER0 Ov
' = s
r "zrrr ¢y
8 - KQ 6!

r §
r

8. Aa

9. a, = tnn'l(-vv/uv) + Aasr + 1,

The calculations indicated functjonally in equations 10 through 13 are
performed by the generalized aerodynamic equations of motion of Section
2.0.1.4.

10. CLV - fL(GLEFv’ 6TEFV’ ays 8ero constants)

11. CD - fD(G

6TEF » Oy» 8eTO constants)
v v

»
LEFV

12, Cmv - fm(GLEFv’ GTEFV’ ays 8ero constants)

§

13. AX y+ aero constants)

= f (8 s O
T AX LEFV' TEFV

14- a, - - AC! - i
Vl Sy 61’ v



15. v, =f3 (o)
EFF AERO

- . 2 2
16. 9y 0.5 pSv VT I“F(uv + vy )

17. ox, = HV(CLV sjnavl - vacoeuvl)
18. &Y, = Ev(ch cosay + CDvsinavl)
19. Az, =0

20. ALy = -8Y Z + AZYy

21, AM, = 8K Zy - AZo(Xy - AXypCy)

22. N, = 'civcv(crlo + cmv) TS A A%év) - XYy

v
Constants: FSCG’ BLCG, WLCG’ FSV, BLV, WLV, Kv, K“G R 1V’ Sv. Cys qn
T %
Inputs: Upgr Vag P 40 T Gr' GLEFV’ GTEFV’ a

Outputs: Axv, AYV, AZV, ALV, AMV, ANV (Section . J.1.6)

2.0.1.4 Generalized Aerodynamic Equations

These equations generate the 1lift, drag, and pitching moment coefficients
and center of pressure shift for lifting surfaces as a function of local angle
of attack snd trailing and leading edge flap deflections. The equations are
programmed as a subroutine. With appropriate constants and inputs the sub-

routine outputs represent wing, horizontal tail, or vertical tail aero con-

tributions.
ag -msag <w
1. g = ag + 2n ag < -7
ag - 2n g >



¥ - og ag X x/2

-os v-;-:us<0
L ag 9 < - F

ag OS-as<32'—

Equations 3 through 11 define calculated constants.

3.

4,

5.

6.

10.

11.

12,

tan & = tan A - (1 - 1)/ [ARQL + 4)]

..2“/[2+/(2ARI;{(1+“°2 )""‘1]
CLG e * e’ %o A"
e

1,534

’\l(B) = 0.527 (1 + d/b) + 0.473

C. = 4,473 - 8.12522 + 3,712) -0.029

1
C, = 2.9433 - 7.208)2 + 5.199) - 0.113 3
|'(1+c2)AntanALE]
J=0.3 (1+CI)AR COBALE (1+Cl)(1+cz) - l. 7 _I
1.628/1" J20
Km
0.22J J<o0

CNM = (¢, /cosa - CLG KV(B)(“/S) (sin 2a,)/2) / {nin ublsin abl]

o e

e = 0.527 + 0.1494 AR - 0.01429 AR:

K T otan Serc 24 ... .<a
cos CALC-"b
2 tan o
b
cy = [1.16-%](1_&:\% )
aa a% tan &
CALC
tana, (tan ]J'
-0.674 C gin | r [1-0.6 ——— - 0.4\ ————rrm a >a
L“e [ [ t‘mCALC tamCAL CALC b

10



D
o o 20,
13. = CALC b
(a -3 2 Se Se >
[ CALC zj (c, -12gd +125 %carc’®
L [o]
(db - 59
CPl(cosaCALC -1.) + CstinaCALc “C!Icsab
14. AX_ = SCoarc (CP. - CP. cosa,) - CP.sina
* “%cp T o) 37 %S08 2%M%
2" %
+ CPl(cosab -1.) + Cstinub Searc”%
15, C,° = (C (5 /%) cosa +( Ysin
L L sina Ycosa sina
o Kas) e CALC Cnmo"cum CALC caLc®1®®carc

Equations 16 through 19 incorporate trailing edge flap effects.

Scarc ~ % )
o gy

(5 e 39 - (5 o i e

16. SFl - a. -

17. AC = 4 AC
b1 MAX) s sF <a <a, + Ao
- TEF "1 % < %carc ° % TEF
0 %carc 2 % ¥ 8%gr
AC
D
<5TEF> lGTEFI Scarc = %
&cy
18. ac, = I\or; | 8gp!SF) %, < %care < % Yt 0rgr
TEF
0 > o, + Aa

%cac = % TEF

11



AC :
(—Jﬁ> 8 a < ay
GTE TEF CALC

AC
m
T (Gmr) Srer SFy % < %carc < % Yt A%mgp

19, AC

0 GCALC z‘ab + A“TEF

Equations 20 through 24 incorporate leading edge flap effects.

oy ax
0. oy = % *(s ) S LEF

LEF
a -
2. sp, = (1. - M,
LEF
A AC AC, \1
() o) (5] o ()
S LER TN/ \og TEF \ay o cALC=MAX
ac,
A ( GLEF) Ser STy “Max < ®carc < ®max * S°rLgr
0 “carc 2 %max * A°Ler
(2 ) ey o
6.g@ LEF CALC "MAX
ac .
23, ac), = ('8—2) IGLEFISFz
LEF LEF “max < ®carc © °max * %°Ler
0 a 2 a + Aa

CALC MAX LEF

12



AC
. )
(6 ) SLEF %carc < “MAX

F
ac_
24. ACmLEF = OLer SLErSF2 %ax < %carc © “wax * A%Ler
0 ®carc 2 “max * A%
- v m
CL + AcLTEF + AcLLEF 0<ass 7 OL -T £ ag £ =3
25. ¢ - . .
TOT -C."° + AC + AC B, 2w O0r~5<a, <0
L Logp Ly e s23 7 < %
26. C - C.” + AC + AC
Dror D Drep DLEF
27. C_ = AC + AC
e LEF
28, a, = C Jlm AR e
1 Lpot e |
29. - C cos a, - C sin a
“ Lror 1 Dpor 1
30. - lc cos a, + C sin a,|
% Dror SR - 1

Equations 14, 27, 29, and 30 represent the quantities passed back to
the aerodynamic force and moment equations. In the symbology of Sectioms
2.0.1.1, 2.0.1.2, and 2.0.1.3, these quantities are equivalent to the
following:

AX 8 8 g» aero constants)

ce = faxrer STepr ©

L = fL(SLEF’ GTEF' ag, 8ero constants)

5 g» aero constants)

p = fpbrgpr Sqgpr ©

C = f (8

m m( §

g» aero constants)

LEF* °TEF* ©

Constants: A%’ A, AR, ARe, a_s ALE’ ay: Sz, S, CPl, CP2, CPB’ CD , d/b,
o]

13



o )+ (2 (12 )+

(o) (o) - () - (2)- ()

Inputs: as, GTEF’ GLEF
Cutputs: CL' CD’ Cm, AXCP
2.0.1.5 Fuselage Forces and Moments

- -1 (-
1. GFY tan~' ( VAS/VAS)

2, ap = ten-! (/v2_ + wis/uAs)

T AS
- 2
3. a,, = 0.5p(ujs + vis)
- 2
4. q, = 0.5 p(ujs + wﬁs)
n
5. (A/q) = (A/q)HAX sgn(l., cosuFT)lcoa aFTI 1
6. A =q (A/Q)
a. (18) n
FY“ (§/a)yg|8tn 75 2 log,| £ 75
7.(s/q) = /) a . ™ ln2 o |
q agn «p 8I1NCQ sin o o > -
MAX FY FY FY 1
8. s, = Exy (s/q)
n
(@ - qu)(IB) (NF/q) |sin I%I 3 la - a

9. (Ny/q) = " MAX

F F

10, NF -q, (NF/q)

14

Taue

F

At
| s 135

n
(NF/q)HAx sgn(l., sin(a - o ))|sin(a -~ a )| 3 la—ao [>

F

18



M/q) a=% 2
MAX F n
1 - (18) sgn |1., sin 18(a1 =y 3 X
F F
2 n
L 4 1r b
l““la(a -a Sl _F+uo <c‘<-1_8+c"o
1. o, F F
F T
L. () = m(a-a_ ) n(a~a_ )
op op’ M,
(M/q)mxl sgn | 1., sir ;1 = ]sin ;;Ta:— |
F F F °F
2a -a < q <.L 4+ a
L
=+ a <ag <a
18 oF - - lF

r(a-0y ) mT(a-ay) B
\ o 1., el E letn ——F |
\(Mq)m\.}(2 sen "‘8“w+ao ~-a s 11r+mo-u

12. M=q_ (M/q)

a 2
FY ne
(N/q)m - (18) sgn[l., sin 18c:2 } X
1 F
2 n
i 6 m ~T
lsin-l—s-a— l -8 <% <718
2F Y
o o
13. (N/q) = (8/q) sgn|1l., sin FY-‘ ‘sin——i |n6 —a, <o <L
. q q MAX 8“ L ] a a 2 - %" 1
1 2F 2 F
F
I < o < q
18 - FY - 2F
"o - a, )
2
(N/qu{z sgr{l., sin Ei F ] X
T - a
2
F
| K
sin 7 (a -a, ) -m <a <-a
\ Fy 2§ Fy - 2p
" - a G <qg, ST
( ZF) F- E{

15



14, N = ix’(l'lq)

0 la] < Apg
1
15. aFsg = (ol - Apg JAFS, /(Ape - Aps) o] > Ay
1 (] 2 1 1
AFS AFS..| > |AFS
F lars.] > | "'ol

16. lp - PSCG - B,
17. Y = BLF - Bl
18. Zp - “‘oc - WL,
19. AXP = -Ay

200 AYF - Sr

210 AzF - -“F

22. ALF = AZI,YF - AYFZF
23. A“l' =M+ AXFZF - AZP(XF - AFSP)

24. ANF =N+ KYFAYF(XF - AFSF) - AxFYF

W2y, » B1r Bgr Byr Bar Bse B Bpe Gt 01 f2p fps)r Arsy
AFSp , Ky , FSpqy Blogs Wlog, FSp, BLp, Wlp
o F
Inputs: LYY Vast Vas? a, P

Outputs: AXF. AYF. AZF. AL, AHF. ANF, (Section 2.0.1.6)



2.0.1.6 Summation of Aerodynamic Forces and Moment
1. xm - AXH+AXH+AXV+AXF

2. YABM - AY" + AYB + AYV + AYF

do Zygpe A%, A%, Az, + A7,

4. Lyppo ™ ALy + ALy + ALy + ALy

5. Myppo = AN ¥ Al + ANy 4+ AM

6. N = AN, + AN + ANy + AN
Inputs: AX,, AY,, 82, AL, AM,, 8N, (Section 2.0.1.1)
80Xy, AYp, AZy, ALy, MMy, AN, (Sectiom 2.0.1.2)

AXV, AYV, AZv, ALv,

AHV, ANV (Section 2.0.1.3)
Ax‘., AYF, AZF' AI‘F‘ AHI-" ANF (Section 2.0.1.5)

Outputs: xAERO' YAERO' ZAERO’ LAERO' “AERO’ NAERO (Section 2.0)

17



2.0.2 Direct Thrust Forces and Moments

EBquations 1 through 12 in this section apply to each engine by
appropriate changes in constants. The equations are written in DO loop
format with index (I) = 1, 2, etc to number of engines. Equations 1 to

3 require solution only once per rumn.

1.

2.

3.

4.

3.

9.

10.

11,

12,

13,

14,

15.

X (1) = FS o = FS (1)

YT(I) - Bl.sw(l) - BLcc

2y (1) = WLgg - WL ()

AFss“(I) - "NOZ [coo(ﬁ.r(l))co-oy coo(OT(I))-.in(OT(I))ainay]

BBLg (1) = =2, [oin(tT(I))col (eT(I))
AHLSH(I) = =tyoz [coocyain (e.r(I))+coa(6.r(I)ainoycos(‘!.r(l))
Ay (1) = cos™! [cos(e,r(l))coa(t.r(l)ﬂ

K

frer ™ M T

TeorD) = KAFTTAPPL(I)

AX(I) = TCOR(I) [o::«:u(6.1.(2[))t’:os(ta.l.(l))c:owy - ain(OT(I))sipoy]

AY(I) = Tpop (1) [cos(8,(1))s1n(¥y(D))]
82(1) = Ty (1) [-con(0,(1))con (¥y(1))stno - sin(8;(INcosa,
neng
R’ AX(I)
“rsr 7 %

eng
Y = I AY(I)
TRST I=1

n
eng
Z. . = 1% a7(1)
IRST 10y

18



n
6. Lyper ® ,1:.:‘ AZ(1) [v.r(z) + ““snm] - AY(1) [r.r(n - ”“‘sum]

n
17. Mper §:8 AX(I) [zru) - m.swuﬂ - AZ(1) [xr(x) - Arssq(*.")]

n
- 08 - -
18. Mgy = I ATCD) [xp(0) - aFsg (D)) - ax(D) [Yp(1) + aBLg (1))

Comstents: FSog, Blog, WLog, FSgu(D), BL(I), WLgy(D), tyos, o
K . K n
Apm’ Appp’ €8

Inputs: 0.1.(1). BT(I), TAPPL(I)

Qutputs:  Xppers Yypors Zrgsy® Lyrste Mrmsy Nrmsr (Section 2.0)

2,0.3 Inlet Ram Forces and Moments

Equations 1 through 23 in this section apply to each engine by approp-
riate changes in constants. The equations are written in DO loop format
with index (1) = 1, 2, etc to number of engines. Equations 1 to 3 require

solution only once per run
1, xIN(I) = FSCG - FSIN(I)
2. YIN(I) = BLIN(I) - BLCG
3. ZIN(I) - ""cc - HLIN(I)
1f airspeed (VA) = J, skip equations 4 through 17 and set AX.R (1),
o

AYRO(I), and AZRJ(I) = 0,

4. ATURNO = cos™! [-(uAsc:owy - vAsainoy)/VA]

- -1
5. BTURN tan [vAsl(wAscono + uAssincy )]

y
6. Vpu(D) = m(1)/ [g-rprmﬂ
7. VOV (I) = V,/Vy ()

19



10.

11.

12,

13.

Lpau(®) = £y (WVy(D)s Apgy )
(1) = £, (vov__ (1), )
8Arury r, "' A'rmm“
'\R(I) = fR3(v0vIN(I)’ A-nm“o)
(1) = + (1)
Arum Aoy 8Arumn

Foan(D) = -m(DV,n (D/g

Whoan ™ HLIN(I) + 2rml.gm(1)-inuy
FSpum = I-‘Sm(l) - ZrmI.RAH(I)com:‘y

AXRO(I) - Fm(l) [coo(ATm(I)‘coaoy + sin(m(l))cos(nrm)sinoy]

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

AYR (1) = Fm(l)sin(ATm(I))ain(Bm)

4z, (1) = Fm(l) ~<:os(A.r,mn(l))sitmy + sin(ATm(I))coa(Bm)coaoy]

[+]

u * quN(I) - rYIN(I)

' rxm(l) - pzm(I)
v - pYIN(I) - qu(l)

AXRI(I) - -:?u(x)uI /g

AY, (I) = -ﬁ;(x)vI ls

f
4z, (D = ~m(1)v; /g

n
0
I=1

[a%g (@ + AX.R-I(I)]

- £°"8 [y (1) + 2y ed)|

-1 o R

Yoam

20



n
6. 2zp,, =" [4z, (D) + 82 ()
o Ry

I=]1

n
= pe8 - -
27. Lo, i-l [Azno(x)vm(r) AYRO(I)LHLCG WMZRI(I)YIN(I)

-aY (I)zm(r)]

R
n
= pous - - -
8. My, !I:-l [‘xnom[“‘cc lu.m;] AZRO(I) [FSCG rsm‘]uxnl(nzm(r)
-Az&I(I)xm(ﬁ]
n
29. N, = I"l‘s [AYR ¢9) [Fscc-xvsm;]-axR (I)YIN(I)MYRI(I)XIN(I)
- [} o
-AXRI(I)YIN(I&

Constants: FSCG' BLCG' WLCG’ FSIN(I), BLI'(I), wLIN(I), ay' Iiys 8 Teng

Inputs: “Aso VAS’ W.e» Py q, T, vAo P ‘;l(I)
Outputs: xRAH’ YRAH’ ZRAM’ LRAM’ MRAM’ NRAM (Section 2.0)
XIN(I), ZIN(I) (Section 2.0.5)

2.0.4 Reaction Control System Forces and Moments

Equations 1 through 15 in this section apply to each RCS jet by
appropriate changes in constants. The equations are writtem in DO loop
format with index (I) = 1, 2, etc to number of jets. Equations 1 to &
require solution only once per run. The RCS equations are depicted on
figure 2-1.

1. x.m'rm - FSCG - Fst.(I)

2, Y .. (I) = BL

JET gD - Bleg

3. wL -WL

Z2ypp(1) = Wlgg gD

21
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6.

10'

11.

12,

23

DJET , | [1- B
F L F, (1) {1- DMD(I)
n.cson Tel RCS,y [
Facs, @ Sacs(® BD(I) = 1. and Fyo (D) 2 0.
Fpes(D) = chsnxcx) [L + 6peg(D)] DMD(D) = 0. and Fpo(D) 2 0.
n
JET
F = I RSN ¢ §)
RCS oy 1ap RCS
DIET S —
AF -3 F. ..(1) DMD(I)BLDM(I)
RCSp 7., RCS
F = (F + AF )/n
RCSLU RCSMxo RCSDMD eng
f (F. ) B > B
RCS, " RCS_ REQ ~ 'REF
B -
REQ B B B
REF REQ = °REF
fRcs1 (Byv1) Berq > Bave
F. =
RCS
AL Fres Breq = BavL
LU
%: Breq Breq = BavL
BLD =
BavL Breq > BavL
0. Fees = O
F . (1) = StM
RCS
F...(I)ken F /F F ¥ 0.
RCS'/n"eng RCS, '"RCSg RS



13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23,

i’1v.cswmm Facs Am 2 i’ncsmxm

boes (D = Eﬁmcsc“"'ncsAf‘i]"rncs“’ Facs, D <Facs, (D<Facs (D)

A A MAX
¥ ($9) B (D< ¥ (1)
RCS,7 res, (V2 Fros,
F () F (I) > F, (1)
RCS res, 1) 2 Fpeg
Aax A Max
FRCSA(I) - IicsA(I)dt rhcsAuI“(z)<rRCSA(1)<kaSANAx(1)
F (1) F (1)<F (1)
RCS res, (D<Fpes
Aay A Aax

8K (1) = Fees (I)coa(OJm.(I))cm(OJH(I))
A

AYRCS(I) - FRCSA(I)cin(wJBT(I))coc(OJET(I))

AZRCS(I) » -FRCSA(I)sin(eJET(I))

Xees ™ £’ BXpes (1)
I=1
DyET
- BY, (1)
Yocs | el RCS
BJET
A =T AZ_ .o (1)
res T I RCS
B JET
bres = I (820 (DY ygr (D87 (D2 1)
n
Macs = I [EXgos (D2 gy (D025 (DX g (1)
1=1
BJET
Npcs = I [8¥peg (DX ppp(D=8X (DY o (1))

I=]

24



Constants: FS.., Bluo, Whogs FSppp(D)s BLype(I); WLypn(I), Bppps

FRCSHX(I)' DHD(I)’ BLDM(I), *JET(I)' OJET(I)’ n.nst nJET’

FRCS (n), FR (1), FRCS (I)’ FRCS (D), t!RCS(I)

s ™ P*

Inputs: GRCS(I), BAVL’ Kﬁ
Outputs: BLD (Section 2.1)

Xecs® Yres® Zres® Lres® Mpes® Mpes (Section 2.0)

2,0.5 Coriolis Forces and Moments

Equations 1 and 2 in this section apply to each engine by appropriate
changes in constants. Equations 1 to 8 are written in DO loop format with
index (I) = 1, 2, etc to number of engines.

1. XL - XIN(I)coaay-ZIN(I)sinay

COR
2. ZLCOR - -XIN(I)sinay—Zm(I)cosoy
neng .
3. Xyop ® §.1 —Zm(I)qznucTsinoylg

n
4, Y = %8 on(I)e (rcosay + psinoy)/g

COR .1 DUCT
Deng .
5. Zeop ® i-l -2m(I)quUCTcoaay/g
“eng ¢
6. Liop = I =2u(I) Ly [YIN(I)Q -2 (rcoscy,+ psinoyi] /g
I=1 COR
Ueng -
7. Moo=L n(I)ql, (2 -t...)/8
COR 1.1 DUCT XLCOR DUCT
‘ Oeng
8. Neor = i-l m(I)IDUCT(zxLCOR - !.DUCT)(rcocay +p sinay)/g

9. LCOR - L COR cosay + NCOR sinoy

25



10. Ncon - ‘LCOR linoy + NCOR conoy

Constants: ay. zDUCT' g

Ingutl: a(l). l[N(I)' zm(I)o P» 44 T

Outputs: xcox. YCOR' COR® LCOR’ "COR’ NCOR (Section 2.0)
2.1 Propulsion System Equations

Propulsion system dynamics are calculated by the equations in Section
2.1.1 which are depicted on figure 2-2. The equations of Sectioms 2.1.2,
2.1.3, and 2.1.4 which provide for calculation of inlet mass flow ratas,
gyroscopic moments, and RCS-propulsion system interactions are depicted
on figures 2-1, 2-2, and 2-3.

2.1.1 Thrust Dynamics
L. Ky = Kn'rlnmar MY

2. F. = £ (M)
Gypp P8, My

2

3.

FGMIN i fPsz(H")
4, FGMAX = fo5 (M)

3

Note that equations 5 and 6 define thrust commands for a two engine
configuration in which differential thrust is employed for yaw comntrol.
If another thrust arrangement and/or logic is used, equations 5 aﬂd 6 must
be modified.

0.5 T + KTYGYAH T (1) > FGIDL
5. T (1) =
F T.(1) < F
GrpL =
0.5 T... - K. & T.(2) > F
oD "'rY YAW c GypL
6. T (2) =
¥ To(2) < Fg
DL 0L
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Equations 7 through 18 apply to each engine by appropriate changes

in constants.

1, 2, etc to number of engines.

7.

9.

10.

11.

12.

13.

14,

15,

T.(1)/ (K o F )
c(1)/ (Rgp -
T - F [F
FIn Cip. Sy
1.
T. =T, - T.(I)
S SR

T = £ (T(1)
FMAX fPS‘ F

T (1) = ¢ (T (1))
Fyry PS, O F

Teng'l) = frs6 (Tg(1))

T [¢))
FMAX

Tp(D) = TFe/TENG(I)

T (1)
Fyin

Tg(1) = fiF(I)dc

T,(1)/F, = T_(I)
c Gy T

29

The equations are written in DO loop format with index (I) =

(F /F <T_ <1,
G Gan  Tin

T, <(F, /F, )
Fin = G Sn

T > 1.

T (I)/F >l,0or T,, 27T
€ Gy ABrn~ ABoN

T <T and T, (I) < T
ABry ABgy— AB AByry



T T, > i“mx
16. (0 - T,/ i“*um < i, (D)« .
i“mu 7,50 < %“um ’
17, T,,(1) = i, (Dae
Cuax 'ro(l) ¥ FGHAx
18. T (1) - Fc‘um [Tap® + 1505 e T (1) < -
FGIDL Tt < Pcm

Consgtants: K.r » T

] i i ] t » T » T
Y ABuax ABygy ABT ABn." AR’ &“1. KBT2
Iarute:  Togs My Syuy
Outputs: T (1), T,(D)

2.1.2 Inlet Mass Flow Rates

Equation 2 in this section applies to each engine by appropriate
changes of variables. The equation is written in DO loop format with
index (I) = 1, 2, etc to number of engines.

L myy = frsf’&)

2. w(I) = am(xmlrl,m + sz)

Constants: F_ , K
o W
Inputs: HN' TF(I)

Outputs: m(I) (Sections 2.0.3, 2.0.5)
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2.1.3 Gyroscopic Moments

Equations 1 and 2 in this section apply to each engine by appropriate
changes of varisbles. The equations are written in DO loop format with
index (I) = 1, 2 etc to number of engines.

1. rm,u(l) = fPss(TF(I))

2. B (D

JencFren() “em

a
- eng _
3. L L ﬂe(l)q liﬂOy

I=1
Ueng
be Moo ™ i-l H_ (1) (tcosoy + p sin o;)
Deng
5. NGYRO - I —He(I)qcosoy
I=1
Constants: f R JENG‘ oy

Inputs: TF(I)' Py Qo T

Qutputs: Leypss Moyro® Movro

2.1.4 RCS - Propulsion System Interactions

n

. . NG
b Tag t a1 To®
0 RCS = 0. or B, < 0.
2. .
"avL [T“%vl”‘;mx - KBTz] Mg RS 4 0. and By > 0.
. TReq,y 2 Foyy
3. Ke =
) KmITREQAV/FGHIN * %a, "REQyy © "Gy

i1



b Kyp” = Ry, BLD 4+ Ky
1 2

Bquation 5 is the same for each engine with appropriate changes in
varisbles. The index (I) = 1, 2, etc to number of engines.

5. Toppy (D = T (DK

Constants: ncns' Kul. ‘nrz' RCS, K-l, 1.2

Inputs: ‘ro(I). BLD
Outputs: BAVL’ K; (Section 2.0.4)

TAPP!.(I) (Section 2.0.2)
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2.2 Actuation System Equatioms

All actuators are modeled by the generic rate and position limited
form depicted in figure 2-4. Actuator inputs are defined in Section
2.2.1. Not all the actuators mentioned herein are required for modeling
every VATOL concept. Since it is impossible to conceive of every variable
which might be combined to form each actuator input, only those inputs and
"actuators required to model the SF-121 VATOL aircraft are fully specified.

2.2.1 Actuator Inputs

1. Wing Control Surface Deflection

63“ (I) = Not used in SF-121 application
c

2 for right wing
2. Left Wing Trailing Edge Flap Deflection

I _{1 for left wing

§ § > 8§
eHAX Ec MAX
§ = K s ] < § < §
e ', PITCH e e
§ ) < §
“MIN €~ MmN
8 § > §
Amax 3T %uax
6§ = & < § <&
K RO
%c 85 SROLL Shay % wax
5 §, <8
BN ¢ ax
- 8§ S
G'BFH (1) 6mw + e ac
Cc R
3. Right Wing Trailing Edge Flap Deflection
St ) = St +6 -i-6a
“C WR C C

4., Wing lLeading Edge Flap Deflection

4 1) =& ) = a +
un?wc mec l‘m:rm "uzrwz

33



T2POR I07EBNIDY DT I3UIH

*9-7 2an31g

N

-

Ay MO
1 JNAINQ NBLM

|

WALWEIALM Q0N

34



5. Horigontal Tail Control Surface Deflection
an = Not used in SF-121 application
c
6. Horizontal Tail Trailing Bdge Flap Deflectiom
& - e +
'mrnc “rze * * N,
7. Borizontal Tail Leading Edge Flap Deflectiom

§ = Not used in SF-121 application
Ixrh
Cc

8. Vertical Tail Control Surface Deflection

a
y

9. Vertical Tail Trailing Edge Flap Deflection
GTBF = Not used in SF-121 application
\'J
C
10, Vertical Tail Leading Edge Flap Deflection
GLEF = Not used in SF-121 application
v
c

11. RCS Normalized Jet Areas

“ncsc (1) = = Spor1

Gncsc @) = Sorr

8 =K § + K + 6
Cvc Qy YAW Gysr 6ROLL r

Only two RCS jets are used in the SF-121 application. The actuator
inputs represent normalized jet areas.
12. Pitch Thrust Deflection
6, (1) =K +K 4
T, opsp C‘prrcu * Ko 6, ROLL

0, (2) =K - Ky 5 ‘SroLL
T, ey 8 %rrcu o 6z

13. Yaw Thrust Deflectiomn

¥, (1) =K + K )
TC w,r Gy%m wT dt ROLL + *TREF (1)
by (D) = Cur sy‘%um + K"'r s, RoL+ Y@

c TREF
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Constants: & K
Conscance:  Spgp, + e “ct' ‘mrm' 'urm' "rnrm' '*mu' 5,

R
’ » - ] ] b * (I)D 6 1] 6 ] 6 ’
LI W S R X S “uax  Sumv YMax
6 » » K
SvIN 6e Ga
y
. )
C c c C C C
6‘I'EI" 4 6Ll‘ZF ' GCV 6TEF ’ 6I.El" ’ 6R(:S , GRCS @,
Hc Hc C Vc Vc c C

6. (1), 9, (2), ¥, (1), ¥, (2)
Tg T¢ Te Te

2.2.2 Actuator Dynamics
The actuators are all rate and position limited as indicated on figure

2-4. The general actuator equations are given below.

L (D)2 Syuy
. N 1 - . . .

10 60(1) b T (61(1) 60(1)) Gm < 60(1) < Gw
ACT
SN $oD £ Sy
Smax o) 28 pux

2. § () = f&o(I) dt Spygy < 8 o(I)< SMax
Syax $o(1) 28 ypy

I=1, 2, etc. to number of actuators. tACT' SHAX’ GHIN' GHAX’ and

GHIN are defined for each SF-121 actuator in Section 3.7.
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2.3 Fiight Coatrol System Rquations

The flight control system defined herein (figures 2-5, 2-6, 2-7 and
2-8) is specialiszed to VATOL aircraft conversion, reconversion, and hover
flight. The rationale for the various comtrol options is discussed in
Volume I of this report. A biief resume of these options follows:
Cockpit manipulator inputs to the system include:
longitudinal stick deflection (Gi'csn)
lateral stick deflection (§
pedal deflection (GPBD)
manual throttle (GTHBOT)
heave rate command lever (Cmvn)

LATSTX)

The pedals and stick deflections can be manually trimmed. By appropriate
gain changes the system can provide attitude and/or rate augmentation in
roll, yaw and pitch degrees of freedom and rate augmentation in heave, Body
axis rates and integrals of these rates provide the rate and attitude feed-
backs in roll, pitch, and yaw while inortial altitude rate (;e) provides

the rate feedback in heave. Also by appropriate gain changes the stick and
pedal inputs can be shaped to provide attitude command, rate command-attitude
hold, or (by nulling attitude feedbacks) rate command functions. With the
exception of the lateral acceleration to rudder feedback which is programmed
as a function of dynamic pressure, system gains are programmed as a function
of pitch angle. Control system type and lateral stick and pedal functions can
be switched at a user-selected pitch angle. For example, in the baseline
SPF-121 coantrol system as pitch angle increases beyond 55 degrees, the heave
axis changes from no augmentation to heave augmentation, the pitch and yaw
axes change from rate command-attitude hold to attitude command, and the

lateral stick and pedals reverse command roles.

2.3.1 Control System Function Switch
0. vV, >V

A A
1. C5, =
1. v, & VAsw
Constants: v
Inputs: v:sw
Outputs: cssw
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2,3.2 Roll Control System

1.

2.

3.

9.

10.

11,

12,

13,

1k,

15.

K =¢ (v,)
pc cs1 A
K =t (v,)
pcI 082 A
K =¢ (v,)
pe CS3 A

Papp 55 A

T f (v.,)
ROLL 0322 A
K =T¢

Koo = f (CSSW)

P CS,,
K. =¢ (CSpy)
6= TS,y T sW
Pawp = (1 = CSgy) Spamerk * Ssw Spp
% sign (1,6  )(1-CS.,)+K sign{1,6_ )CS,
PRy, Pgyr SWhT Tgyy' ¥
Py = le, 1 or s, | >0.0
BUT Ppyr
. |Srpyl AND |8 | <0.02
BUT pBUT .

(Ko = 1 AND ¢g, = 1) OR (Kfp=l AND ¢,=0)

&

¢

= 1 AND ¢sw =0) R (Kfp'l AND ¢sw'l)

L2



16.

7.

18.

19.

20.

22.

23.

2k,

25.

(pPo=P ) Tpory, “rors, * ©
B =
0 rort, = ©
Ih, at rorL ¥ ©
;=
Pe TRoLr, = ©
=K p+(1-X Jp
pFB pB pB 8
(’IPFB at (K;p= 1 AND ¢ = 0)
p -
INT ¢ (Kpp = 1 AND ¢, = 1)
0 Kpp= 0
P =D  +Tooy~ K Doy =K (Pygm + K, 0)
e I TRM pp FB Pppr INT ¢

‘n
P P >p
er1M ®rRM = °LIM
P, =
TRM fpe dt -Pq <P, <p,
TRM LIM TRM LIM
-p P < =p
€LIM €TRM €LIM
Sporr, = %p Pe * P

Pe © CSrpM
Set ¢o, = 1 only if (K, = 1 AND ¢, = 0). This means that K was
sW ¢ == "sw $

# 1 in the previous iteration and became 1 in this iteration,
Set ¢g, = 0 only if (K =1 AND ¢g, = 1). This deans that K ,was

#1 in the previous iteration and became 1 in this iteration.
Otherwise °SW is unchanged.
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Constants:

p LK . K_
eLIM pTRM1 TN

Inggts: VA, Cssw, GLATSTK’ 6PED' Ps pB’ L IS é s

Ppur  Tmur

Outputs: GR OLL
2.3.3 Pitch Control System

1.

10.

11.

12.

13.

1k,

15.

16.

I(q_ = ch7 (VA)

K -1 (VA)

€Sy, (V)

T =f (v,)
PITCH CS26 A
K, =7°¢f

/a Spq (CSSW)

K, =1
0~ 'Cs,g (CSgy)
)(1-CSgy )+

X sign(1,6
gy .

iy

K sign(1,6 )Cs
RN, Qpgpp

Spy =

0. {aq

Upy = /gy 9t

& =K b ee
CTRM q LNGETK

1

o
[l
t
o

|6
S¥ " agyy

[>0.02

[<0.02



fq at (K;q = 1 AD 6, = 0)

1T, Qpe ™© (K o =1 AND 6g, = 1)
0 K= 0
18. ‘e'qé’qmn"xqqq“qm (apgy * % ©)
19. Q’-mu = xqe qun 1,
Termn Termm - Termu
20. quRN = !quRN at -qeLIH < quR“ < q’LIn
i Te v : ermd

[ = K + q
PITCH ~ “q, Yo e,
22, Setesw=10nlyif(xe-1meswao). Thisneanathatl{em#l

in the previcus iteration and became = 1 in this iteration.

Set g, = 0 only if (K, = 1 AND O, = 1). This means that K, wvas

sw
# 1 in the previous iteration and became = 1 in this iteration.

Otherwise Gsw is unchanged.

qe » K » K
LIM ITR’S lTRH2
T PPN
ADpuss: VA, cssw’ GLNGSTK' GqBU'f s 9» 6

Outputs: GPITC’H

Constants:

2.3.4 Yaw Control System

l1. K =°¢ (v.)
rc 0813 A

2. K‘r = fcslh (VA)

6. K = f (v,)

L5



12.

13.

1k,

15.

16.

17.

18.

19.

20,

al.

K =°¢ Q)
&
T ¢ (v,)
YAV " Tes,o A
K =T¢ (CS.y,)
rB i:?S30 SW
Ky = fes.  (CSg)
r 31
8
Kpp = fog  (CSgy)
32
=1 (cs..,)
Ky CSyy | SW
Roup = (1 = CSgy) Sppp + CSgy Spapsmx
K sign(1,8 )(1~CS,,, )+ sign(1,6 )cs
TTR, TBUT L . L
topum = | or lap I> 0.02
|6 | axD| & |< 0.02
0 TRyT Pyyr
rTRM frTRM dat
# =K R
cTRM rc CMD
I
Ttopy 4t (K, = 1 AND ¥ = 1) OB (K, =1 AND ¥, =0)
I‘c =
TRM _ _ _ _
¥ (Ky = 1 AND ¥, = 0) OR (K =1 AND Y, =1)
rc = Kr RCMD +r
(o4
(r, = typy Tyw ? O
P =
C
0 Tyaw - O
ffc at Tyaw £0
r’ =
[
To Tyaw = 0
Tog = (1 -~ Kr Jr + Kr r

S



Irpg at (Kfr =1 AND Y., = 0)
2. T, = Y (xfrglm’sw'l)
0 K,.=0

23. r =r . +r-+(E8)K (kK X r (rou. + K.¥)
e ™ Tt et v .rs r,'* m‘xrm mr * Ky

24, =Kr Kr r

e e
TRM e en
r r >r
®LIM CrrM ~ SLIM
25. r =)/
e e -y <r <r
TRM TRM em em em
-r r, <r,
“LIM TRM LIM
26. & =r +4K r -K gn
YAW erRM re e a.y ycG
y

28. Set Y. =1 only if (K, =1 AKD ¥

W sw=°)° Thisneansthatl('vas

#1 in the previous iteration and became = 1 in this iteration.

Set Yo = O only if (K, =1 AND Yo, = 1). This means that K. wvas # 1

in the previous iteration and became = 1 in this iteration.
Otherwise st is unchanged.

Constants: r . s K s B
€LIM Kl"I'RM PrrM
2 2
Inputs: V., CS.cps 6 s 6 > 6 s & » 1 s ¢, ¥y, r,
A SW’ "PED* "LATSTK Tmrr Paur Ve s

Outputs: GY AW
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2.3.5 Beave Control System

1. zec'l; vag
2. K =f (VA)

3.k =f. (V)

e'l‘RM 2 % e
I
e Terme * oL
6. T"rm - f'iemd: —T“Lm < T‘m <T -
-TeLm Te'mu = _Tex.m
7. Top ™ (Kze'zee + Tem)cssw + Krnrot THROT

Constants: K- , T ’
— zec eLIM l<'1'HROT

Inputs: GHEAVE’ 2, cssw, GTHROT, VA

Outputs: TCHD

L8



2.4 Alrcraft Equations of Motiom

VATOL aircraft routinely fly through [6] = 90 deg which is a singular
point in the standard body rate to Euler angle rate transformation where
; and 6 are not defined. To avoid this singularity the direction cosine
transformation between body and inertial axee waa implemented. Since
this modified form may not be available in the Ames BASIC routines, the
equations of wmotion used in the SF-121 application are given here. Equations
26 through 35 (based on similar relations in referemce (a)) correct the direction
cosines for integration error to maintain the orthonormality of the trans-

formation.

I, I 2

1. Logr = [lqor = Loypod /e t T 1T I 1 Myor = Norpo? /A - 71

X Z

[ 2

. o _ Xz
2. Ngor = [Qgor = Neygd /T, * (Lmor oo’/ - 11
. 1, (1 -1) L xxi @ -1 2

.00 = el-74 -—1-1——+—)p-(- = *‘—"‘)’1/“‘11 )
X P X X 2 X b I 4
+ Lior

4, p= fi dc

S T, - 1)
5. q=72 (2 - pd) + 2 —X r ¢ Mogr = Moypo) /T
4 Iy
6. q = fq dt
2 2
. I, (I -1) 1 L, (G -~1)

7. r_q[(_Ixz T Y Iler+(1x;_JIx\1(l_ I)
z X X Z z xz
+N';‘0‘1‘

8. r=frdt

9. d)y =djp v -djya

10. d;, = fd;; dt

11. @ a: d’. r

12" %P "9

k9



12. d,. = fd,. dt

13. d)3=dj,a=-4dj,p
4. dy, =fdy, d

15. d,, =d

16. d.,, = fd,, dt

21 = %
17. &22 =d;p-dp T
18. d,, = f&zz dt
19. dyy = dy 4=
20, dyy =/ &23 dt
21, dy =dj, t-djia

22, d.. = [Id . dt

a1~ Y3
23, 4y, = djE-dpyT
26. d,, = fa32 dt
25, dyy=dj; q-dj, P
26. d,, = f&33 dt
27, DGy = d)3dp5d33 + d1pdy3dy + dy3d5595) ~ dppd32%3
- d1pdyydyy — dy3dydy = [ 9y dpp 43
43 993 93
d3; 933 933

[+ )
.
[ ]

28. df; = 0.5 (d); + dyydy3 = d35d)3)/DGyq
29. djy = 0.5 (dy) +d55d)5 = 4154330/ DGyq
30, dj) = 0.5 (dyy +dypdyqy = dy0d)5)/DGg

3. dj, = 0.5 (4, +dyydyq = dyd3,)/DCy,,

50



32, dgp = 0.5 (dy; + djydy3 - d5,4)3) /DGy
33, d33 = 0.5 (dy; +dy djy - d)1d,3)/DGyg
13 = 0:5 (dy3 + dy1dy5) = d3,d)))/DGyg
35, d3y = 0.5 (dyy + dydy ~ dy1d0) D00
36. d33 = 0.5 (g3 + dy,dyy - dyd)))/DGyg

37, u = -.qw + rv + gd31 + xTOT/n
38. us== fyu dt

9, v = -.ru + pv + gdaz + YTOT/"
40. v = [y dt

41. ? = - pv+ qu + gd§3 + zTOT/'
42, . = dll“ + dlzv + d13 W

43, x, = J x, de

44, Vo = d21u + dizv + d£3"

45. Vo = fye dt

46. z = dZ. . u+dl.v+adl.w

e 31 32 33

47. z = fz dt
e

48. n_ = 5!9!

!cc m
Y
49. n =- -%?1
ch ZT
500 nz » - —agr'
CG

51. Pg = Ppcosa +rsina

52. r, =-"p sin a + r cos a

To track 6, ¢, and § and provide € for control system gain scheduling,
the standard EBuler angle rate - body rate relations are implemented with the
modification that when 89.999943<|6|< 90.000057 deg, ¥ and ¢ are frozen until
6 exceeds these limits:

53. 6 = q cos ¢ - rsing

6

54, = f @gdt
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If 89.999943<|6|< 90.000057 skip to equation 57,

55. ; = p+ tan 6[q 8in ¢ + r cos ¢]
56. $ » (rcos ¢ +qein ¢ ) sec 9
57. ¢ = [ ¢ ac

8.y = [y dt

Equations 55 to 58 provide an excellent approximate solution for ¢ and ¥;
each time lel enters the 90 + 0.000057 deg region, error 1s introduced
proportional to the time spent there.

Constants: I‘. Iy, Iz, Ixz’ g, m

Inpute:  Xpops Yyors Zpor* por* Mport Mrort Yevror Mevror Neveor ©

OQutputs: u, vV, ¥, p, q, r, 6, ;e‘ nycc. ps. ta’ ﬁ. G
2.5 Air Data Equations

The equations herein define the air data quantities required to cal-
culate the various forces and moments acting on the vehicle. These relations
are available in Ames BASIC routines but are included here for completeness:

1. u

- u-2u

AS AIR
2. VAS -V - vAIR
3. LA w - wAIR

/o 2 2 2!
4. VA Upg + Vis + Vas

c - -1
5, & tan (wAs/uAS)

2 2
. 0 U,s + Vas 0
. o =
« . 2 2 2 2
(uASw wAsu)/(uAs + Vis ) Ys + W, + 0
7. o = f(ze)
9. hy = ValVss
0. 7 = p/2v>2

A



Constants:
Inputs:

Outputs:

None

u, vV, w, \.lg &.z.
Yar® VaIr’ W, Ir 8re user defined airmass velacities

(i.e. steady winds, turbulence)
The functional relations for p and vSS are taken from

standard atmosphere data.

u ’vAS'wAS’vA’u’&’p’HN’;
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3.0 SF-121 Data Base

This section details the data used in the application of the
generalized VATOL math model to the Vought SF-121 (Ref (b) ) conceptual
aircraft.

3.1 Mass Properties

W= 16375 1b.

= 7959 slug ft°

Iy

I, = 52609 slug ft’

1, = 58337 slug ft?

2
Ixz -202.4 slug ft

3.2 Geometry Data (all dimensions in ft unless otherwise noted)
1. Reference center of gravity

FSCG = 33.46; BLCG = 0.; WLCG = 8.25
2. Wing reference center of pressure

FSw(l) - FSW(Z) = 36.67
Blw(l) = -5.83; Blw(Z) = 5.83

WL, (1) = WL, (2) = 8.25

3. Canard (Horizontal Tail) reference center of pressure

FSH = 26.04; BLH = 0; WLH = 9,58

4. Vertical tall reference center of pressure
FSv = 44.67; BLv = 0; WLv'- 13.08
S. TFuselage reference center of pressure

FSF = 14.50; BLF = 0; WLF = 8,25
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6. ine inlet 1 i =2
Eng et locations (nens )

FSIN(I) - PSIN(Z) = 22.17
BLIN(I) = -2.75; BLIN(z) = 2.75

WL (1) = WL, (2) = 8.33

7. Swiveling nozzle center of rotation

Fssw(l) - rssw(z) = 45,92

BLSW(I) = -1.85; BLSW(Z) = 1.85

WLSW(I) - WLSW(Z) = 8.33

8. RCS jet locations ( 2)

Byer ©
FS ;pp(1) = FS 0 (2) = 44.5

BLJET(I) = -13.33; BL__.(2) = 13.33

JET

WLJET(l) - WLJET(Z) = 8.33

eJET(l) = err(z) = -1.5708 rad.

me.(l) - an(z) = C

3.3 Aerodynamic Data

3.3.1 Lifting Surface Data
Table 3-1 specifies the data required by the generalized aerodynamic
equations (Section 2.0.1.4) to calculate the 1lift, drag, and moment of the

wing, canard (horizontal tail), and vertical tail.
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Table 3-1 ~ LIFTING SURFACE AERODYNAMIC DATA

SURFACE HORIZONTAL VERTICAL
PARAMETER WING TAIL TAIL
AR 2,30 2.25 2,00
ARe 2.14 0.996 2.00
S - ft 350. 115.8 60.0
se - ft 217.2 51.1 60.0
A& - rad 0.709 0.934 0.785
ALE - rad 0.873 1.047 0.925
A 0.15 0.25 0.30
c 1.06 1.12 1.030
a - rad 0.593 0.515 0.471
a - l/rad 6-045 60045 6.045
o
CD 0.00394 0.00281 0.0047 .
o
d/b 0.253 0.442 0.179
- 0.974 0.1065 0
(ACLO/GTEF) 1/rad
(AcI ,/GTEF) -~ 1/rad 0.630 0.1065 0
- 0.172 0.0865 0
(ACD/BTEF) 1/rad
- -0.343 0.432 0
(ACm/GTEF) 1/rad
- 0.091 0 0
(A“MAX/GLEF) 1/rad
- -0.085¢9 0 0
(ACLO/SLEF) 1/rad
- 0.304 0 0
(ac, /8 gp) 1/rad
_ 0.00602 0 0
(ACD/GLEF) 1/rad
- -0. 1
(Acm/SLEF) 1/rad 0.019 0 0

N
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Table 3~1 - LIFTING SURFACE AERODYNAMIC DATA (continued)

PAPAMETER WING TAIL TAIL
(8a;,0) - rad 0.525 0 0
(AQTEF) ~ rad 0.873 0.525 0

cpl 0.571 0.495 0.749
e, 0.734 0.800 0.976

3.3.2 Additional Wing Data

To convert tle .utputs of the generalized aerodynamic equations

to wing forces and moments, the following additional wing data are required
(See constant 1list for Section 2.0.1.1):

K6 (1) = K6 (2) = 0 (The SF-12]1 elevons are modeled as trailing

¢ ¢ edge flaps not as control surfaces which

change the wing angle of attack as a function
of control deflection)
iw(l) = 1w(2) =0

bw = 28.38 ft

" 16.58 £t

= ~0.235 1/rad

= 0.275 1/rad

= -0.192 1/rad

o7




c = -0.132 1/rad

C. = -0.166 1/rad

c = -0.453 1/rad
nr

c = -0.577 1/rad

Wing trailing edge flap (elevon) effectiveness (Kygp ) is a
W

function of flap deflection:

TABLE 3-2 - ELEVON EFFECTIVENESS AS * FUNCTION OF ELEVON DEFLECTION

(flAERO)
KrEr,
*rer,, W
(rad)" (flAEFO )
0 1.0
0.175 1.0
0.349 0.77
0.524 0.59
0. 698 53
1.047 ¢.45
1.745 0.45
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3.3.3 Additional Horizontal Tail (Canard) Data

To convert the outputs of the generalized aerodynamic equations
to canard forces and moments, the following additional data are required
(See constant list for Section 2.0.1.2):

(E/CL" ) = 0.162 rad

1B = 0.

" 6.42
K, =0. (The effects of the canard trailing edge flap are
62 calculated by the generalired aerodynamic equations).
3.3.4 Additional Vertical Tail Data

To convert the outputs of the generalized serodynamic equations
to vertical tail forces and moments, the following additional data are

required (See constant list for Section 2.0.1.3):
KV’- 0

l(u = 0.5 (The rudder is modeled as a control surface which
s

r changes the tail angle of attack as a function of
control deflection)
cy™ 8.49 ft
Cn = 0.
°v

Vertical tail control surface (rudder) effectiveness (KEFF )
T

is a8 function of control surface deflection (GCV):

>9



TABLE 3-3 RUDDER EFFECTIVENESS AS A FUNCTION OF RUDDER DEFLECTION

(f )
. 2AERO
°c, “err_
(rad) (£, )
AERO
0 1.0
0.175 1.0
0.349 0.82
0.524 0.62
0.698 0.55
1.047 G.47
1.745 0.47
Vertical tail effectiveness (VT ) is a function of angle of
EFF

attack:

TABLE 3-4 - VERTICAL TAIL EFFECTIVENESS AS A FUNCTION OF
ANGLE OF ATTACK (f3 )

AERO
o VTEFF
(rad) (f4 )
AERO
-3.142 1.00
0.349 1.00
0.524 0.70
0.698 0.25
0.873 0
2.269 0
2.443 0.25
2.618 0.70
2.793 1.00
3.142 1.00
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3.3.5 Fuselage Data

The following data are required for the fuselage forces and

moments equations (Sectiom 2.0.1.5):

2
(A/q)MAX 1.443 ft

(S/Q)y,x = 367.8 fe 2

2
(NF/q)MAx = 367.8 ft

532.0 f£t>

(M/q)mml

(M/q)Msz - ~110.6 ft

3

(N/q)HAx 532.0 ft

1

-110.6 ft

(N/q)MAx
2

]
[ ]

0.0349 rad

1.536 rad

2
L}

1.571 rad

=]
n

KY = 0.0

3

3

3.4 Propulsion Syster Data

The SF-121 baseline aircraft uses two (ne

2800-2%-1 engines (Ref (b) ).

n, = 1.867
= 1,522

= 0.8
= 1.0
= 0.8
n, = 1.0

Al"Sr_,° = 17.8 ft

AFS = 0.262 rad
1

= (0,803 rad
AFSZ

ng = 2) scaled MFTF-

The performance and physical characteristics

(Section 3.4.2) of these "paper" engines were developed by Vought from a

Pratt and Whitney parametric cycle analysis computer program. Vought and

Pratt and Whitney believe that the resulting performance is attainable for

a 1995 10C,
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3.4 Propulsion System Forces and Moments Data

The following data are required to calculate forces and
moments due to direct thrust, ra. drag, and Coriolis effects once thrust,
inlet mass flows, and thrust vectoring have been determined: (See
constant list for Sections 2.0.2, 2.0.3, and 2.0.5)

lNOZ = 4,26 ft Kml = -0.13
!'DUCT = 27.92 ft sz - 1.0
c =0 r = 1,31 ft
y IN

3.4.2 Propulsion System Performance Data

Gross thrust levels for idle, minimim afterburner, &nd maximum
afterburner power settings are functiona of Mach number ("II):

TABLE 3-5 - IDLE AND MINIMUM AND MAXIMUM AFTERBURNER THRUST
AS FUNCTIONS OF MACH NUMBER (fPS ’ fPS » and fPS )

1l 2 3
F * F * F *
" 1L CyrN Cyvax
(foc ) (£, ) (foo )
PS, PS, PS,
0.0 629 9323 15416
0.1 753 9491 15705
0.2 1004 9772 16162
0.3 1306 10105 16705

*Single engine data in pounds
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Maximum inlet mass flow rate (;HAX) is also a function of Hh:

TABLE 3-6 ~ MAXIMUM INLET MASS FLOW RATE AS A FUNCTION OF
MACH NUMBER (fPs )

7
My ax*
(EPS7)
0.0 138.2
0.1 160.1
0.2 143.1
0.3 146.5

*Single engine data in lbm/sec

The fraction of EHAX which actually enters each engine is linearly

related to the ratio of engine thrust level to minimum afterburner

thrust (FG ) by the constants K and K : (Used in Sections
MIN "1 "2

2.1.2 and 2.1.4)

Kml = 0.565; sz = 0.435

Loss of gross thrust due to RCS bleeding is linearly related
to percent bleed by the constants YYT and KBT : (Jsed in Section
1 2

2.1.1 and 2.1.4)

KBTl = -0.0276, KBTz = 1.0
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3.4.3 Propulsion System Dynamics Data

Engine deceleration and acceleration limits and time constants

are functions of fractional minimum afterburner thrust (TF(I) ):

TABLE 3-7 - ENGINE ACCELERATION AND DECELERATION LIMITS AND TIME
CONSTANT AS FUNCTIONS OF FRACTIONAL MINIMUM AFTERBURNER

THRUST (f s, fPS;' and fPSl?
T (1) T T —sed
F Fuax Fran TENG
(foe ) (£, ) (foe )
P56 PSS P86
0 0.10 -0.100 1.0
00133 0.60 "0.400 005
0.200 0.40 -0.475 0.4
0-333 0040 -0.625 0.3
0.667 0.40 -1.000 0.2
1.0 0.40 -1.000 0.2
The afterburner is 1lit when T,, > T,, Or when Tc(I)/FG > 1, For the
IN ON MIN
SF-121, TAB = 0,1. The afterburner is turned off when TAB(I) < TAB .
ON OFF
For the SF-121, TAB = 0.001.
OFF

The time constant and decelerstion and acceleration limits of the afterburner

response are: (Used in Section 2,1.1)

= 0.05 sec; T = 20.; f,, = -20.

T
AB AByax MIN

Data required for calculating engine angular momentum include
fractional rpm as a function of fractional minimum afterburner thrust
(TF(I)), engine moment of inertia (JENC)’ maximum engine rotational speed
(Q ): (Used in Section 2.1.3)

EMAX

J = 3.14 slug ft2/engine

ENC

Q = 1063.8 rad/sec = 10159 rpm

“MAX

6l



TABLE 3-8 -~ FRACTIONMAL BPM AS A FUMCTION OF FRACTIOMAL MINIMUM
AFT RBURNER THRUST (fps )

8
T.(I) ! F
F RPM
(fpo )
P58
0 0
0.133 0.280
0.200 0.490
0.333 0.665
0.667 0.835
1.0 1.000

The generic VATOL model thrust command includes TCHD which is

formulated in the control system plus an option for yaw control using
differential thrust. The yaw control option is not included in the SF-121.
Therefore, KT in Sectiom 2.1.1 is zero for the SF-121.

Y

3,5 Inlet Ram Forces and Mements Data

Inlet rem moment arm normalized to equivalent inlet radius (LRAM)’

the angle between actual inlet flow angle and geometric inlet flow angle
(MTURN)’ and the ratio of actual ram drag to theoretical ram drag
(nR) are all functions of inlet velocity ratio (VOVIN) and geometric inlet

flow angle ("TURN ):
o
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TABLE 3-9 - NORMALIZED INLET RAM MOMENT ARM AS A FUNCTION OF INLET VELOCITY RATIO
AND GECMETRIC INLET FLOW ANGLE (fR )

1
.i\\\\\\\ Arurn,
rad)

VoV, 0 0.349 0.785 1,222 1.5711 3.142

0 o® 0.148 0.293 0.378 0.406 0.406

0.227 0 0.0811 0.187 0.286 0.340 0.340

0.298 0 0.0578 0.147 0.250 0.318 0.318

0.514 0 0.0195 ‘ 0.0868 0.203 0.297 0.297

10.0 0 0.0195 0.0868 0.203 0.297 0.297

*When LRAM = (O, ram drag acts at the center of the inlet plane parallel to

the engine centerline.

TABLE 3-10 - DIFFERENCE BETWEEN ACTUAL AND GEOMETRIC INLET FLOW ANGLES AS A

FUNCTION OF INLET VELOCITY RATIO AND GEOMETRIC INLET FLOW

ANGLE (sz)
ATURNO
rad) 0 0.349 0.785 1.222 1.571 3.142
VOVIN

0 0 0.225% | 0.340 0.273 0.147 0.147
0.227 0 0.225 0.340 0.273 0.147 0.147
0.298 0 0.135 0.217 0.211 0.119 0.119
0.514 0 0.0887 | 0.202 0.202 0.220 0.220
10.0 0 0.0887 | 0.202 0.202 0.220 0.220

'y
AATURN data are in radians
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TABLE 3-11 - ACTUAL TO THEORETICAL INLET RAM RATIO AS A FUNCTION OF
INLET VELOCITY RATIO AND GEOMETRIC INLET FLOW ANGLE (fR )

3
Arumw_
(rad)
0 0.349 0.785 1.222 1.571 3.142
VOVIN
0 1.0 1.0 1.195 1.372 1,402 1.402
0.227 1.0 1.0 1.195 1.372 1.402 1.402
0.298 1.0 1.0 1.127 1,234 1.243 1.243
0.514 1.0 1.0 1.016 1.092 1.108 1.108
10.00 1.0 1.0 1.016 1.092 1.108 1.108
3.6 RCS Forces and Moments Data
The SF-121 aircraft has RCS control capability in roll only. The
two (nJET = 2) jets are located at the wing tips. Pertinent data for the

jets are as follows: (See constant list for Section 2.0.4):

BREF = 3.5 percent

(1) = (2) = 1500 1b.

F F
RCSMX RCSMx

DMD(1) = DMD(2) = 1. (It is a demand bleed system).

BLDM(1) = BLDM(2) = 1. (The system can demand more than the reference
bleed level).

RCS

F (1) = foog  (2) = 15000 1b/sec
MAX MAX

13 () = FRCS (2) = -15000 1b/sec

RCS\1y MIN

F 1) = FRCS (2) = 1500 1b

Avax Avax

F (1) = F
RCS
Aay

"rres (1) = Tpres

RCS

RC (2) = -1500 1b

SAHIN

(2) = 0.05 sec
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Available RCS force per engine is a function of percent bleed. The
appropriate data are presented in Table 3-12. They are used in
Section 2.0.4 as fRCSl with percent bleed (either Bogp ©F nAVL) as the input

and also as f with desired RCS force (FR ) as the input. The data

R082 v
are for the MFTF-2800-25-1 engine which is quantified in reference (c).

TABLE 3-12 - AVAILABLE RCS FORCE AS A FUNCTION OF PERCENT BLEED

(fges | ond chsz)*

BovL °F Brer RCS FORCE##

(chsz)- 2 (fpes,) = 1P
0 0
3.5 0.01
4.5 170.0
10.0 365.0
15.0 500.0
30.0 875.0

*When table is entered with BAVL or BREF the output is

RCS force which is fRCS . When table is entered with force
1

output is percent bleed which is f .
RCS2

**Per engine
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The flow dynamics of the RCS efflux are represented by equations
13 and 14 of Section 2.0.4. These dynamics are cascaded with the RCS

area actuators. The requis :.e flow dynamics constants are:

F (1) = F

RCS (2) = 15000 1b/sec

MAX RCSyax

F (1) = F
RCSMIN RCSmN

(1) = Fpog  (2) = 1500 1b

Aax Aax
F... @(@)=F (2) = -1500 1b
RCS RCS

Aax Aax

(2) = 0.05 sec

(2) = -15000 1b/sec

Fees
Trres(t) = Trres

3.7 Actuation System Data

3.7.1 Constants for Formulating Actuator Inputs

The linking of the primary control variables (§ S

PITCH® 6ROLL’ YAH)
to form the various actuator inputs is specified by the constants listed

in Section 2.2.1. For the SF-121 these constants are:

8
TEF, = O. s = 0.436 rad
R Svax
S = 0.436 rad § = -0.436 rad
epax 8N
§ = -0.436 rad K, = -0.436
N 5
a
x6 = —0.436 Ky = -0.436
e y
K = 0. v () =y (2) = 0.
8,8, Trer Trer
K = ‘00262
°15p
K = 0.
eTGr
K - -0.262
tTﬁy
K - 0'
wTGr

69



The leading edge wing flaps and trailing edge canard flaps on the
SF-121 are programmed as fuuctlons of angle of attack. The requisite

constants for this feature are as follows:

- l‘ . 17 - 5 . 56
"'mwl l"nn-*m
= -0,189 = 1,164
Kuzpwz &rm‘m
3.7.2 Actuator Dynamics Data

The actuators are all rate and position limited. These limits
plus time constants are specified in Table 3-13:
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3.8 Control System Duta

3.8.1 Control Systez Function Switch Data

The control system function switch changes the heave, yaw,
and pitch axis control system types and the roles of the pedals and lateral
stock deflection as a function of airspeed. The required constant is:

vksu = 60 kt = 101.28 ft/sec
3.8.2 Roll Control System Data

Most of the roll control system gains are specified in Section
2.3.2 as functions of airspeed (VA). Several of these were determined to be
constants for the SF-121:

K, = fcs‘ v,) = v.511 rad/sec
c ~
I

Kp = : "A) = (.S rad/rad/sec
p 2

K =f (V.) = 1.0 rad/rad

Pppp CS¢ A

oy - = L (v,) =0

RO: 0822 A

The SF-121 roll control system inpu® gain (Kp ), error gain (Kp ), and
c e
error integral gain ( Kp ) remain functions of VA and are specified in
‘1
Table 3-ilk:

TABLE 3-14 ROLL INPUT, ROLL ERROR, AND KOLI- ERROR INTEGRAL GAINS

AS FUNCTIONS O¥ AIRSPEED (f . fcs3, ARD fcsh)
| v, () | V,(t/sec S5 | %p, | ®Pepy
(fae )] (£ )] (£o )
cs, cs3 cs,
0 0 0.1833 6.0 0.9
59.5 100.44 0.1833 €.0 0.8
60.0 101.28 0..823 2.0 0.2
T v 135.0k4 0.1833 2.0 0.2
120.0 2n2,56 0.3055 4.0 0.2
200.0 ! 33,.60 0.3055 2.0 0.2 |




Several of the roll control systeam gains are functions of

CcS These are specified in Table 3-15:

Swt

TABLE 3-15 ROLL RATE, INTEGRAL OF ROLL RATE, AND ROLL
ATTITUDE SELECTOR GAINS AS FUNCTIONS OF

CSgy (rqsa. fcszh’ and F”Sas)
GATN I o 1
KPB (rcs23) 0 1
Kfp (f"sau) 0 1
K¢ (fcses) 1l 0

Other required data for the SF-121 roll control system are

as follows:

K = K} = 0.
LIM pTRH] TRM,
Note that K and K are gains on lateral stick deflection
Pe c;
or pedal deflection and might have to be adjusted to satisfy control
sensitivity requirements. The ratio between Kb and Ki should not,
c c
I

however, be altered.

3.8.3 Pitch Control System Data

Similar to the roll system, many pitch control sysiem gains
are specified as functions of VA. Three of these are constant for the
SF-121:

Kd = fcslo (VA) = 0.2 rad/sec/rad
°n
Kéq = ‘csl, (VA) = 0.5 rad/rad/sec
'y
K = f (V,) = 1.0 rad/rad
Gpp Sp A
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The pitch control syster input gain (xé ), iaput integrator gain (K ),

c e

i
and error gain (l(q ) remain

input shaping filter time constant (tPITCH)’ .

functions of YA and are specified in Table 3-16:
TABLE 3-16 PIT": INPUT, PITCH INPUT INTEGRATOR, AND PITCH ERROR
GALNS AND PITCH SHAPING FILTER TIME CONSTANRT AS FUNCTIONS

CF AIRSPEED (fg » f

. s and £
g CSo¢

)

T
: K K K
VA(kt) VA(ft/sec) a, qcI g TPITCH
(r (.. ) [(tc )| (£ )
cs7 CSg ch 0326
0 0 0.262 0 10.0 0.25
59.5 100.L4 0.262 c 10.0 0.25
60.G 101.28 0.105 0.349 15.0 0.0
80.0 135.04 0.105 0.349 15.0 0.0
120.0 202.56 0.105 0.349 8.00 0.0
200.0 337.60 0.105 0.349 5.0 0.0

Two of *he pitch control system gains are functions of CS
These are specified in Table 3-17:

SW*

TABLE 3-17 INTEGRAL OF PITCH RATE AND PITCH ATTITUDE
SELFCTOR GAINS AS FUNCTIONS OF CSSw
(r and f )

CSpq CS,8
CSSV o} 1
GAIR
K, (¢ ) 0 1
/q c327
K, (f ) 1 0
A0S,

(ther required data for the SF-121 pitch control system are

8S 10llows:

q =1.0; K = 0- K

2 = 0,349 rad/sec
LIM TRM,,



Similar to the roll control system, Kq and Kq are subject

C cI

to change due to control sensitivity considerations; the ratio of Kq to

S

K should not be altered.

%

3.8.4 Yaw Control System Data

Three of the yaw control system VA-scheduled gains are constant
for the SPF-121:

K =1 (VA) = 0.262 rad

e 553
Kr = fCS (VA) =0
c 1h
I
Ty AW = 0.25 sec
The yaw control system error gain (Ki ), error integrator gain (Ki )s
e e
11
yav rate feedbeck gain (Kr ). and yaw attitude feedback gain (Kr ) remain
r ATT
functions of V, and are specified in Table 3-18:

A

TABLE 3-18 YAW ERROR, YAW ERROR INTEGRATOR, YAW RATE FEEDBACK,
AND YAW ATTITUDE FEEDBACK GAINS AS FUNCTIONS OF
AIRSPEED (f , and f )

C8y5° Tos 7 fCsrr CS18
1K
VA(kt) VA(ft/sec) Kre reIl Kir KiATT
(fcsls) (fcslé) (fcsrr) (fcsm)
) ) 13.0 0.8 0.5 1.0
59.5 100.L4 13.0 0.8 0.5 1.0
60.0 101.28 0.3 0.2 1.0 0
80.0 135.0L 1.1 0.2 1.0 0
120.0 202.56 1.1 0.2 1.0 0
200.0 337.60 1.1 0 ! 1.0 0

y
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The SF-121 requires a lateral acceleration to 6YAW feedback at high speeds.
The gain of this feedback (Ka ) is a functicn of dynamic pr.asure (q):



TABLE 3-19 LATERAL ACCELERATION FEEDBACK GAIN AS A FURCTION
OF DYNAMIC PRESSURE (f )

cS)q
3 - 1b/et° K, -
y 2
rad/ft/sec
C
0 0
10 .0825
20 .105
k6 .08
127 .04
200 .0k

Four of the yaw con“rol system gains are functions of CSSW'

These are specified in Table 3-20:

TABLE 3-20 INTEGRAL OF YAW RATE, YAW ATTITUDE, YAW RATE, AND
ROLL ATTITUDE TO YAW SELECTOR GAINS AS FUNCTIORS

OF ¢S_., (f , T , T , and f )
Sw C%e %a C%o wﬂ
cssw . .
GAIN
K, (f ) 0 1
/r CS32
(r ) 0 0
Ky CS4,
K (f ) 0 1
rB CS30
K (£ ) 1 0
¢rs cs31

Other required data for the SF-121 yaw control system are as

follows:
r, =1,0; K = 0.349 rad/sec; K} = 0.
LIM PrRM,, TRM,
Simjler to tlhe pitch and roll systems, K} and Kr are subject
c c1
to change due to control sensitivity considerations; the ratio of Kr to

¢
I
K should not be altered.

~

T, »



3.8.5 Haave Control Systeu Data

Two of the heave control system gains are specified as functions ofVA.
Each of these gains has just two values which depend on CS

sw*
) 0 CSSw = 0,
K = f V' -
% G20 A" |- 550 1b/£t/sec CSgy # O
0 CSSW = (.,
K = f V. )=
% CSZI( A
1 0.2 1b/sec/ft/sec CSqy ¥ 0.
Other required heave control system data for the SF-1li1 are K;E =
<0ft/sec, T; = 30000 1b, KTBROT = 30C20 1b. c

LIM
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