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W,(Jy“ Steady winus in earth axes, fi/cec .
b}
WLCG Yater line pocition of the c.g., ins

Va Totsxl airplane velocity, ft/sec, true airspeed

K “Force in X-direction, lbs where L = 87TA3, Aero forces in
: ' stability axes

Yo - Force in Y-dircction, 1bs L = A, Aero forces in stabil-
. ity’axes o .
& - - Force in Z-direction, 1bs L =16, gear forces in body

. axes

L = EYC, Enpine forces in
body axes ’

. : : A ¢ = B, Total forces in bodyv
axes

L o= E, total forces in earth

axes
Yer Effective distance of center of pressure of asymmetric 1ift
from body centerline, ft.
Ye ° Distance of engine centerline from body centerline, ft
zv Moment arm from vertical tail 1/l chord to wing 1/L chord, in
body axes, ft o ‘ ¢
o(,o(wm“ Wing angle of attack, degs.
ol = 0(\'““;- 2;5., fuselage angle of attack, degs _ ,
' O(% Zero lift angle of ettack of the horizontal tail
AolQ = _Q\_I’_ .Qs , Angle of attack induced at the tail by a pitch rate, rads
A
o
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. Most synbols used iIn the text are defined there. This list incinles {hose

station of the ¢.rr., inclies
- Winz span, fti.
ft.

_¥Wing reference chord lezgth,

coeflficients in

STABILITY uxes

/
™ . .
= fierodynamie pitching rarent ~aefficient
Q'S“)'CVJ
- L , rherelzﬂyvh kerodvaamic MOMEUT ccefficients in

TABILITY axes

vinr and body alone

L2, M, “Zround effect on wing-boly zerodinamic cocfficients

aCq . . ' . 5_ ¥s -8wW
= o3p oovere I=Ln Y5 RSN

AaC ¢ . . o Ry BW
- O=t t & = . Y =

e , Wwhere v Q)n,Y 3 EREN

U‘
0

= ,S_;_ , Where
Y s

Hi
VJ
5
o
~
12
e
i
o
S
<
s
™o
"
!
<
»

_Linearized LIft curve slome of ihe horizcontal tail, per defree

Aerodynamic force and moment coefficients due to nirslanc
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C\' ;\ a
e

" Ram drag,

‘Rell,

. Q-

lovs

Foreces on

nilot's .contrels, lus, whe

ACL . ~ H - ew
b3 P - - ——
é & s WiHETEe L= L)M 3- « = R VR, ,l
< . . - ~ .
: 3Cj; ywiere L= LM 5 Q= QRS -CWw
9 Q ' 2- Np
. . dozz Thrunt
‘liomentum blowing cocfficient = »515?2{— =

re ¢ = §5,W,P for stick, wheel

¢
and pedals rernectively (Fs rositive for aft ecclumn, Fq pusitive

for right wheel, Fp positive for right pedal).

Stapilizer incilence angle, degs

Moments of inertia in body axes, sli

- Body axes moment arm from horizontal

chord -

[

Aerodynamic rolling mowent, ft 1lbs-
Aerodynanmic pitching moment, ft lbs

- 13
Aerodvnanic yawing moment, ft lbs

vitch arnd yaw moments, where
;
: - '
Airplane

ifass, slugs

Ram drag pﬁtching:mément, £t 1bs

Mass flow into engines, 1b wi/se€c

g+t

, where 5,9 = X,Y,2

tail 1/& chord te wing 1/4

Body axes moment arm from vertical tail 1/k chord to wing 1/h chord

vhere L = §, stability axecs
L = A, body axes

%, in hLodv axes including
gear and engine

E, engine moment only in bodr
axes

. , . ‘ : :; . o -
: ‘ T LIBESSS L lr.o. DE-2:5005T0 -\
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KP™M

Ereine speed, revolulions per minute

‘

Holl rate, raids/sec where L= 5§, stadbility axes
Piteh rate, rads/sec . : L = B, body axes
Yaw rate, rads/secc L= 1i, due to random gusts in hoily

axes
- . ’ ) I .
- L= 3T, tetal pust and airnlane in

body axes

51l acceleratidn, rads/sec
Pitch scceleration, rads/sce vhere t = 3, body axes

2 B . .

. DG, -accelerations due to
special ‘gust model, vody
axes :

Yew ucceleration, rads/sec

. . ) ., .

2
Dynamic pressure, 1b/ft

e ) 2 9
S Reference area, Horizental tail, ft°
a) . <
<« ' : . . . 2
Sv Reference area, Vertical tail, ft
‘ _ ‘ 2 ‘
SSVJ heference area, Wing teil, ft .
) U Longitudinal velocity, ft/sec .where L= B, body axes
: Transverse velocity, ft/sec (= N, due to random gust,
' body axes: .
W Dewnward velocity, fi/sec (= E, earth axes
[ 2 -
We Longitudirnal acceleration, ft/sec , in. earth axes
= ) ) - ' ) .
Ne Transverse acceleraticn, {t/sec , in earth axes
2 .
We Downwurd scceleration, ft/sec” in earth aves
REV SYM BGEFRE lno‘ DE-CELSST

PaGE O,5




Aungle of sideslip, degs

PAGE (0,10

S Pedal deflection, inches
kY ) B 4
D Wheel deflection, degs
A-Sc Xs Stick deflection (positive aft), S~ deg, Xg~ inches
%V-L fFl.é.p,lever deflection, degs
- . ,
B Hozzle vector lever deflection, degs
Stw . Throttle lev'er‘det'l.ection, degs . ' '
{ ' S .
%F Flap deflection, degs
Se_ Elevator angle, degrees,‘ positive trailing edge down
Sq Ailerou deflection, degrees, pousitive truiling edge dewn
_“.S{-,;»' _Rudder deflection, dezreés, positive trailing edpe left
A . -S.‘é ‘ Spgilér deflection, degs‘, .posit‘ive- tf'ailinrz edge up
i ,:S;“ - Chore dellection, positive when closing
- 'E_ ‘*  Downwash angle at tlie horizontal tail, degs
. & Downwash angle at the horizontal tail, degs at time -t = ant
I L ‘ T
Vh€re o = "\'J‘; N secs
’z/ }iot gas nozzle deflection, do'.'nwards from Lhe fuselage reference
line
‘o .
< -
b . .
[}
<}
v e T A S U T
.REV SYM BOLEIANIZ | 1o, ‘>_
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Euleér roll anrle !
Suler nitch angle ,
Euler heading ngle .
v -
. ’
$
. N
. . nf_gcoésﬁﬂ
JOLD L2 i
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NASA in ceonfunction with deHavilland of Canada bius teen develeping the

augmenior wing Jet fian {or a number of yeurs. ‘The work hajz inciuled winl
tumel tests, or 1im1nxr;~cu figufation studies, and piloted sirulater studies.

-

In July, 1972 The 20eins Company tegan work under H&SA Centract NASD-6C25 Lo

nodils a dcilavilland C-6d ”Buf’alo eirplane into an augmentor wing, Jet~flan
. 1]

-ETCI, research vehicle. Figurc 1-1 shows a 3-view drawing of the Modified -74,

i +

Augm?ntor-wing et flans, ilnwn and droo ed ‘ailercens and lesding-edge slatls

’ - .

v - . . s - e

have-beén added. . Ving3 span has heen shortcned to increase wing loadinz. o
3 I "
- : N . L N ’ T - . : . . -0.

M

_Bolls Royee Spey OCLEF Jet-engine§.proviic bloving air to the Slaps and

ailerons v;n ducts Eagrine ho, thruﬂ‘ is directed through vectorable Pegasus
nozzles, Further Zescriniive informution may he -found 1n Refcrevce 1*,

lThe.totul cimulater nedel includes a number of comporent purts tied togeti.or
tn'pruvidc as‘nn end product realistic visual, aural, a”tll-, vectibular
and kinesthetic cues fo; the pilut te zss5ess the prodicted vehavior of the
real airplgne. Tc‘prov'"o t;esc cues requires tﬁg foll wiﬁg zncdels to be
accuratel programmed on the simulator:
1. Pllst's controls and control system oharacverlstﬂcs
2. Aerodynsmic fogces énd moments _ : .
3. Propulsive forces and'méments
L, Airplanc mass and ineriias characteristics

5. Equations of risid tody mction in the earths' gravitational field,

N

"

including atmospheric disturbances
6. Accelerations feit at the pilot's station

T. Outside world visual presentation to the pilot

!
REV SYM ) . . . . . qaf,ﬂ/a Iuo_ :)6-2")06‘;:‘?'
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8. Pilot's instruments and czob environment
9. . Stability augmentation-system

/10, - Readout to engineering staff for analysis and check-out

~ /
Each of these modules is dealt with in detail below. A flov chart of the
- total simulation is shown in Figure 1-2, the shaded blocks representing those

parts of the model which are éhanged.from the existing NASA model.

The moéelw as described in this-specification will be used to invéstigate
désign reguiréments for flignt coﬁtrol‘systems and stability augméntation
Sy;fed§, crite}ia fo;‘structural design and Operational chafacteristics of
the girﬁlané,' For tﬁese investigations;a nupber of thé pa:ameters-of the

model will require to be variables. These parameters are identified by a

e

| doudie asterisk (#*) ‘and their nominal velues are given in the text.

“AppénQix,A';o this specification is an outline of an expanded simulation
of tie_hydréulic_system and the control actuators. This simulation would be

necessary to fully investigate the effects of rate limiting and hydrauiicp

A‘Fsuﬁpi&_capabi}ity on aiiplane handling qualities.

Longitudinal control imnrovements are envisioned for the Modified C-8A.
Simulation mocdels for powered longitudinal centrol, longitudinal stability
augmentation and an automatic airspeed control system have been described in

Boeing Document D6-26057.

"Reference 1. SAE Paper No. T10757, "A Progress Renort on the Development of
an Augmentor Wing Jet STOL Research Aircraft”, H. C. Quigley, '
S. R. M, Sinclair, T. C. Hark, Jr., J. V. O'Keefe, September
1971.

L‘ ' t
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2,0 PILOT'S CONTRILS £ID CONTEOL SYu;d CHARAC“FR“‘

2.1 Stick Control

!

. Longiﬁudiﬁei eontroi is pnovidcd by the }ull}-manuai, spring-tab elevator
dystem.' oter force is reacted by a2 conbination of elevator. and tedb heﬂge
moments, which vary w*thdyn‘wlc pressure. Since the ste xlizer is fixed,
handsaoff trinm is nroduced by ‘woving the electrically-ectuated trlr teb to

hOLd the eleva or at its p“ounr n051t1oq.

I The original NLSA/DHu elevator eentrol cvstem simulation model (Reference 2)

B

, h&s been mndifind to jnclude t.c reduction in stick force associatea vith

1 reducedAsptipg tab fol;ow-up ratio and elevntor torque st1ffne§s. The revised

“

eimulexibn includes movement of the column due to trim inputs. Figure 2-1

presents the longitudinal contrdi and trim simulation flovw - chart,

Basic equations and terms follow:

@ Elevator Angle

P N A Y N ¢ Y P
SQ - »7"5) X's + (nz_\§ <“t 1) *'(:‘;{;") %5 ’DECT

‘where o Coe _ :
a)' §--g--> = %65 ~ DG
K (3. o349 N
‘ 1v13357(445d) .
" b)
1] . ] )
Xy T Kg - .ow&‘;; - ~ "\ncuee
’c) ( = bea _
224 (‘*‘o*iﬂ@) .. "—'3'
1+ OBQQ
- - j
: | ' ' 4 DE~260665T:
REVSYM , S BOZINE 50 . o >
: . - . BPAGE 5

ve /e . . . . ! oo
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> . - o 1
%e 2.24Q + ( ot fmae) RAD/sed
' 1 +.0M% Q
KOTE: The elevator angle is mecharically limited to ~2%° < $¢ < s
@ Static Stiok Foree, Including Féfect of ‘irim
F = s (S -3 3 ~ L®S
Vs - Se e~ 2€raim
vhere
- e - : D
Se (B‘SQB 1+ 1. ‘tSQ / “
, .
b) |
R = e ~
- Sevam = (F5) Su o+ Se o
’ ) A.C. R
C) ._, i ’ DEG _ e
5«.«—,
8{:{ = TR Tab ANGLE  ~ DRG
\ et Se-e '&
= s (SF SF TR
e) - e ’ - ’
: ¢t = 1 2.0 DRe/ssc (PUeTS Tram RATS)
f) St o 435, pacq/ ( FLAP-TRIM IWTERCONNELT PROGRAMY)
-g;- = -0 DEG ,
) ’8) - Se # SF = \WIT\AL ConDITION '\'R\M V'ALues, ~ DEG
1.C. TR LE TRV ' _
" NOTE: . Optional trim tab authority limits (Figure 2-2) may be included in
the sinulation with minor prograrming change. Also, stick force
' gradient increases markedly sbove f.orque tube wind up limits (Ol) wherg
the pilot would react against direct elevator hinge moments. This
wind up limit occurs at ( Se-— be ) = -22 deps at 80 kts decrcasing
to ( Se-~%e ) = -7.5 deg at 180 kts. Such elevator deflections
aré beyond those needed for normal maneuvering, including pull ups
?
A . -2 ‘FF?<T4
REV SYM . _ BTLTEING 'No.mﬁ 6065
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AD

to ;limit'load,factor (W= 2.25g). Therefore, double stick force
gradient is .noﬁ sﬁxnulated. A third point: The simulstor cad feel
system hes an inherent, built-in stick force gradient which is
cam_:élled by subtracting the same gradiem; in the computer,

?

O Contz-o’ Culmm Dis;:lace‘rent

g 1+ 0\‘5 “" 2 \)1 \Sqw“ M, ‘)@a“) +(~) 4-3

XS N VILOUSE DAMPIS G ) F ~ I NIHES |
o ___2 a [} s )
L ‘-_ s M ( i/It S * IC. J
vhere ‘ - .
‘ - Co Sexn
a) TK\MMEQ (V;«ao) STik FosTion |, Rg = 2w L eeres

TRiea C_Xe./x‘s>

" p) STERDY- STRTE STIOR POITION AT UMY LOAS FAcTom.

cs{l + .S (Fs -35;)1 +(%L> Se'f(w\ o ~ ANCHES
S

¢) Column dy'la.m.cq ghould be get b" ad,}uqtir‘" the value of -Qf' a,nd "Vi*‘cou‘a
-~

Xg =

" Damping" to give & good representation of the Buffalo control sv.sten as
‘ Judged ?‘)y the pilots who have flown the. Buffalo. Elevator dvnamics have
nét been included in the simulation f‘ca,x?t t;:o' ;-eas;oﬁs: -(‘l) elevator
‘natural frequency is on the order of 10. RAD/SE&C{ which is "10 ‘\:{\.me:: the
short period and nearing the digital computation limits, and (2) cad
-co]_.umn dynamies intenact with‘simulatted elevator dynz;miés to give

"unrealistic" transients.

d) The neutral column position { De=0') is 2.8 inchesZ5°Sc7 forwardc’ the
‘vertical. Total forward colurn travel is Kg= ~k.3 irches (-7.6°) anead
of this neutral position,'and meximum aft travel is Xss +7.5 inches

{+13.2°) from neutral.. Column radius is 32.55 inches.
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2.2 Pheal Contro’

Thne. ]ateral axis f11ght control: svstem-cgn ke operated in a
“fully powered modp or in a revers1en mode aivinag c1r°Ct manual
control over the ailerons. There are therefore two sets of
equgtﬁons éoﬁerning‘whge] forceé, Fw, and wheel displacement,
8w, as a function of aileron deflection, da, spoiler deflection,
6;h: and augmeﬁtbr choking; SCH.-The flow chart on Figure2-3
outlines the two.mode1s and the }oginfor se]ecfing which is to

be used. L,

->5POWer - répresénts the condition with at least oné of the

o two hydraulic systems operatina.

HYDA on,HYDB on are-self explanatory. It is expected that
| some simulation work will be done with simulafed
single-hydrau]ic failures. |

¢Manué] - vep}esents the cpndition with all hydraulic power

* - off ;,

‘ - ' . -

Tne 1atera1 contro] system produces a3 Tinear rolling. moment characteristxc uswng
'eIectr1ca1compenSation via the 1atera1 SAS c1rcu1try Figure 2 4 shows this

~-network The electrﬁca] path must be added to the mechanical path (Figure 2- 3) .

to simulate the Hod1f1ed C-8A lateral control characterwstlcs.

‘ . L D6-26065T '
, : . Avazsavvzzlua ~
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5

;«'eé';; -
;' & T
EI:':Vifh varf‘On”tha equations for the systen ave as follows:
In 2 statxc condmtxﬁn*\
Nhee] Force,ro% +FR“ + Fy lbs;
Bt .. where FRy = %1-5 1bs, friction-force
A and-_F“ is a function of &y shown on Figure2-5
',(Note)that'positive wheel forces p?oduce positi?e deflections
of the wheel, the-right wino. spoilers and chokes, and the
Teft wing.ai1eron.)
’Dynamicéily“ﬁ' L S o S o
wheel def]ecthon, w = 5 EIs , dearees,
*’, | ("’) *353;-4'54.1 o
* \ where UW qu %w ave gat Yo %\\rQ v"ugnéx w\.@.z\
A !.;51"‘ Cevx’ruwfa N“‘\l\ A~ U\rtn\lxao*' :
;iThe max1mum wheel def]ect1on is +75° ove¢ ;a radius of 7.5
; 1nches- The dewanded wheel def?ect1on is the sum ¢f the
P , 1lot s 1nput and the tr1m, where
L s 7 SHTRIN |
f .f . _ : 5WTRIM % —_—— ,‘§egrees
*k . .'The rmaximum trim authority is +62°, and the trim rate is
* %k ‘ + /7/' °/S¢c ' ' ‘ -
The whee? signals the.central actuator'to move, and its def]ectioq
§w", moves the aileron via the wing cable system, and the 'i
spo1Ters and chokes via their respective actuators Thus
SH
syl = Sy * LB degrees.
’ (14Téasas:S)
‘. degrees
Syl ¢yl
W 11 ey ) degrees

- R,E\; SK’M |
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*%

' :yhgtg \T £aSAS := 1/35 secs

n

T Vs 7= 1/30.sécs

- S i}
SAS”AX = +20 degs. | o
S ¥ = 48°/sec . - S
sy s |
N S dn”A‘x = 2201’/569

The wing cable es stretch under the aileron hince moments, thus
) y ZXSaa Aj?’! -
< 0 r". Cr
SH"' = 5“ . SaLa lsa degrees

l. ‘A ~chble A'

-.0047 per .degree

"o

where.CHsa

SsTas = 94 Ft37 ¢
and Gcab]o = 50 ft lb/degree

- The differential aileron deflecticn about the droop anale 'is then

given by

AS,

‘ = Gg_ (s ) as shown on Fiqure 2-6
- Tea Ow , LS
L,R : ,
. [N : - . . - . . N o
** The maxinum differential deflection is limited to #17.5 for the
nominal surface programning and 120°,for the optional program.
*k . . . . |
The symmetrical Jroop, deflection, Sadroop is tied to flap angle, as.
shown on Fiqure 2-7. /fgain two surface programs areTpossible.
- The total aileron deflection ;s then
5 = '7'5. . sas - degrecs
a qdroop : ‘
A )
: “fnfnl T
‘REV.SYM BOLEING tuo. SER000 5T
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The spoiler deflection is given by
: G (su") -
8 . __6sp. ‘" _
LR T T T ST . degrees
o Hyd A on
% ;Whére Gssp is agiven on Fig. 2.8,
“and Tsp = 1/20 secs.
~** .+ The spoiler rate 1imits’ére“jﬁ500¥se¢ and deflections.are
limited to -0°, +50° | B I
The auamentor chokinmg is giveﬁ by
- | ’ G o 1]
SCH . _6cH ( 6u")
*k whére'GSCH is given on Figure 2-9,
and T, = 1/15 secs. L -
*x The choke rate limits are * 5.0per sec, Maximum choke ceflection
*x (in percent of full cldsure) is also shown on Figure 2-9, Tuo
lateral control options are available,
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12. In manu2l reversioh mode the equations for the system are as - !

follows: . o ‘ ‘ W }
v : . : |
In a static condition the wheel forces are dependent on &y, &y",
v and é. For small initial movements of the wheel the only
-Vforcés felt by the pilot are those due to system friction, Frits
and_the feel spring, K. The friction forces downstream of the
éctuatOr, Fra, and the aerodynamic hinae moments, CHGa’ are
separated from the pilot until. the deadspace in the forward

path (due to the inlet valve stroke on the contro] actuator) is

'overcome, see Fxgure 2-10, After th1s,

&

where

* %

Frp s izp}b?; of friction

[ I
el
1}

.32 feet”

Figure 2-10 indicates how wheel force and wheel def!ectfon vary =
with further displacement. Hote that during return to neutral '

the wheel picks up the dead space agéin when the aerodynamic

total Fwt Fw - Fru). Full and complete simulation of this

cycle is not necessary; however, the essential features are the
dead space in the forward path and the large increase in

friction forces.

Ve "N

BOEING |vo. 771005570
ipAGE 1h
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BN ] i, e
;,. . . "‘ B -
' The‘gileroﬁ deflection is given by the ecuaticns
1 . - e . T e . ' B
kR o g§a ($u ") Fiqure 2-G - S R
£ LR L S | o .-
L ‘ o o . /BSag- 8%a a
..,,v_v‘,‘ . (S E * f(sa‘aa.) * C“Ea ¢ ( ‘—-'L?_—_—-—}:) i
_ . where »SH' o= $h'f - 3 - -
DU R . cabley 2 ’
and’
LR - .
** , B.‘ <= S, . =9.0 degrees: . _ 4
| ‘Due te“the largér length of cable carrying the ailéron loads
niwh;;: Gcéb1e2 = 33.3 f; 1b/uegrge
(NOTEﬁthgt no spoiler or choke deflections occur with power off)
: Dynémicél1y, the viscous fricticn in the system is incressed due to the
' ,'idiipg actuétéya and the total‘fnertiaAfelt at the wheel now includes the
1lﬂcontrol surface inertia. .For simplicity in the simulation, these ef?gcté
b an;bé‘§imﬁlafgd by adjusting the ‘values of frequency and damping. .
In manual it is assumgd that the friction forces are so highn
. that no wheel trim is avai)ab]g to the pilot, and no SAS inputs
are felt at the aileron. i
‘ ‘
4"

REV SYM - T - ﬂl’ff/ﬂal@.s&gmesﬁ: R

"PAGE_ 15



¥

. B N PSRN, WIS LS CTYSDANDD AGAD\NG WTRIYT g2 W\l

PraE

DL ~2L5 T
AG 2-3
16

) . -2 w3 a3 CS9S GiA Q30QV  WeUNItEsIeS  SIRiSaSS .
TBSMOSET  TOVWYSLAG Qafh B ou QALSNCTAan Doy WAUS A T3R5 o1 SNygb e
’ NOLLLBVIA0 TYNNYVY Q073 STONIMD O5™MY vViawBANie [SALoN

RUIVILY Cdaam Aavamy
S [T TR o2~ ' .\uv.,.cd ;NN ASINY
5 - Ne B QM Mot
wieme| BT A Dy . )| _ DLIMS
e ~ mll..rl g oy VAL S/ .0;W+ Wiz
g R o) S S0y
wQ i , .
EVELER) , . _ — -
PN B T - - . .
Yese e od Bawy , _ | §-z ova 33s |
§ oy 3% o0 no Y A . - _ DN ABAT 1T _
| uﬁ%@ - < N . n.‘d...ngw _
...ovmu . . » . _ DOLADITMA [ UBmog _
. — - ' . , Q3 v _ s wﬁONnﬂ,ﬂzfﬂ
J|INAAT v . Bandndwy _ _
. i . . NSNS <ve
\  S9S mingpe | SLAY s _
v/ . Q1 NOILDIS IV, e So R | SOOOSIN
- - —e
| WS | e m | BOVY | eamow "
. . ) wonag | anl
. _JM.\.“H,,«UU& QA LW Bigy . _\ . _
v A”\ : MRy a4 _ ] UUAI™Y - am,
rd|mvw.mvu S — AN.“LIMM‘IW.III - = ~ S/ - S/ S - >3 ABAUM
N - TSNy P s 1= ) - S A0 HdA
JJWQ —e ~:W IM . .Cm B - \W “ w M - (X —
———ee oL DAS —] BDes | |
QOAD Y hoprgigete Suanow L3929 |
_ _
~ L nNOVAD A _ |
. WVWOLWOWADY
. ! uwaoonod - . ; - . —
: _ . 2N . : _ i W.f
“on - SO  3t0w 3 . \h o 4 oA NoWwDBA W3LASAS f
oY s b > = <4< “banow wa :
- : : ASAS T334 [UD WOLVINWIS




)

é_,‘;o.m\ M0.4D35 F25 TNOUIIIISIC SHS LTI 0D yod  CZLoV - o ,

2006578
TG 2-a
[

17

oD c-spl”

b

o ﬁci \:uu& == N

235530 ~ % Sl 3

vy ML W
_ | i A
. - % s} M
- - vl X
S Ko DArissd . ,oele
- e, . . ; k Q m
UW.M\&% X Q\ a QI\N . . +A\ Awooz Jiz.ﬁ—ozu m 4 O
FLyy 170X s o o Sv9s by 219
o IS0 TS | Nogyi—rT Y%A 2z <
A . v w O

THE

WyoaXy E\\w m ‘
. S¥sS Qv\w\su NN

| LR RS A = O

. : A

COMPEN T ATION

LATSRAL

Yy < ] | . ;\S .MNBN%L M\Nw% - L —1
‘ /2 o LSS . o?wNM NS : S .. -

o . . .. | . S : ) MorLISo |

Yses - . o .
0% SR - /+8 W} (-2 ‘ors _a38) :

Ttz . . . HLYdd TudIGgHOIW

.w.lllx . . : / LN L , M
Snoas . ou_a,.....;lrﬂau ‘ ey \V

1~7/.3;:7/

i
:
T
|

ioaavein it

A
YAV
-+

_SPiTzer

i.T.

L8
O
|
§
!
{

I

-
&

*. VW\\ -] '
b - , Qo..rémd_w&ZQU uﬁN:.qum
. Qn.&wﬁd . S s JOMFZOU ANAILYT

ALC }.a"jz
%
1

A

-

<
31
T

E EdTb7e LN

L P s
+

. Y
-
e "
- i
A . w . ¢ R ~
B il L & N -
Ca e I v s )
I s '
, . . - - E
S, .- t .
V- L ok .




e P— - ———— o ——

4

4

—— + —— & ——— e e ———— . e

L VR .

MOD C-Bh

D6 -6 056STH

st =

FiG 25

LF\TGRQL.

FowrcCceyg

Feelk CENTERWG

THE BOEING COMPANY»_

2
o
©aQ~ Mg .
CEODNNY DTN S log _ v : ﬂ
] wg - a9 e o2 oz - o~ loo- o’ - G
.cfu Bt MG R G B T e A AC X S .-...RA.' ¢ mn o . O
_ o vet o o
m N - u. M
s ~ My’ ol ¥
. i . e L.
TITLOSL NTLIHUM . gt £ N m,;
. S,AQTUg OIS DIANLS 1 BioN “1 5
S - N . - Lo ] - Bl Bt e e et
.rjgu/ /.DO ~. . ., v - w" -
BNt § OV, OVB-\L-90%8-9 S§/ a3y 3
VO XA " . o !
| o o § o y
fommaines 3 amaa ] -y
: Pt 3 OB AMNOY WBRANT T 13
. ¥ . . .
- i — - J
g X elx|Sl&
L . I 2 . . Clo} <)
-~ . . o Y E ”.:. L}
Cba Ln .+ . .u«. . . ’ ) e
s T SR L S | /




- v e 4 bt g b e . & e e

MOD C8A

D4-200LSTN |
Fig 2-6 { '
L B

PACE

o~

.

~

ﬂu,:l ALHLAYIS w,\fr:JJDuU . o - TYNALA0 IS/J\ - \W .
’ . /NN
\

W c-i EL
COMPANY

!/;
S

H

-
’
(S

AW T

H o - eng ~ 7%
TIOWN ABIHMN 3 Loig

o . 09 Q4 oz -3

vy ¢ ‘ ;

THE BOF!

AVNLEROD PROGRAMMING |
PiLoT's

! : o = B O
.rum)dm < ~ CoM . i
\\ . -
. a
, . A
’ 1w LNy : -
- oe PRY = PN SRLON b
. ) . mn .
- _ 91d~VYR Y @
L o P o oR . : -y g i : n . o
ST R R o ATNDNN AR S LQTid o
o St T e e wowRldR , S HMALIM el ama | v
s - S o REORENNY I LNRUTIAAQ j
* . S . S e vil
1 : - e : o S . . T g ul ¥
rlr) - MR - R ViUl < .A i
,H... ST oo ; uu&s ) N s,« -~ ? B
LT N Py . e e R
- i 2 M “.Av - . N . - N 4«& N .
) 54 F BRI * ™ . L i...
. o n.z#. P P L ) , . .
R s e A , - *
: P4 s G e % ¢ Cr t Y




P - TTa 21 1
4 .u.u - ! ~I.. ¢
‘ M 2 w N O
2l ¥ g
-SIE
Lam~— 2R TTONS aNaA MO LMD AY
- 5 oL o g
W e ¥ ﬂ‘r v ; M/ Vh . Ttk b..L\ Nor @ Nl
SR . Z
||l.l|..c~ —_——— = . ﬁol» A“ *y w P % Dh
) ‘ _ | | 9 5 =
. _ | ! * o 2 o
! O IO S S e 0 O
w . m , ! P 7
! b B | m 0 ¢ %
e e s ik
P ) M M ) pu w
ﬂ L M ” . “ - O.N O R F W
~ w i . " W H —
. : T —W MO L] 2 F
} ! i . -
~..-F, _ . A w
m. . - - [, o% .
e n.
. L]
song AL )T
: O%  d4cowaq -
NOUR NV z
- B ADWWAS (&
Ry et S e g
b s Ane
. CZ,ZY././.JO/_& Ml
wOOAuD ZDLNJ,,Q E
S .‘ °§
S.
IR
- . 215181
: o Viou)l <41 «
w Voo « - . - o . -,
) .) » 4.4) .L.,.w " . ) ” ‘.
- e : ol E A P ;_w..“ ’ N - L ;,,.;,,.‘ /

a7 % ivia

W

ojn  ALEANENE CuSL L L,

K

2T a1 (



—————

A — e s e o &

P S

et e g e e o —

P:J,C

D

e sy e 4 e ——

me e te——— o by

TN nEAM

CA

T A0
Qs.

- - —rer
; ; : : w
1§ 1
| H t,
] : i,
i ! :
{ ! i |
e —
' ot

d o e —

v

{

!

F

;

i

| S
!

}

}

)

C N TGRSR L S WG T ] T
SCAUNCA WIS

! e b i e = e e e

: s i ‘.
PAAOAT™ T ITETRM TN

i

AS QYN -

LA

o\ -

- Q2

Qe

MOD C-BA'

£l
Sy
3

&g
3 |u

i

S?Q\LEIZ. PROGRAMMING

THE BOEING COMPANY'

R4 N T o 1]

. : _ O
; . ¢ f H . K
i m } A ' : / . : 1.
| % . m : . NV . , dﬂ@(uww 1
. ' § B f B
) wl.ll’ .§.1 —— ‘..m —— e e .\:..I:ni — S B .l»k..q [P Sy OLN 4 ﬂw ~
. ' ! - A\\\\ ExLIN “
ur i T - ;\ A R R BANNQAS
S % : S : - H . QN H -y |
ot T * T R et o kit e Bt o { ©OS ‘ 5
, RN | B ENE | 20T
T e e P
b o r.w_ ] ° : w S y.aw.
.“q.un ~mle L SVUEI LU AOVEPRNCIIR OISt S SR e o9 -
] . . v o
. TU3RN TARDEOTE LTI M . ‘ v
Sl oriiwEeouwd wBtweas | b
: — A
M .‘" 2| &
Uil ..w b
m .



. b .
(o ety o i e " V@ e -

~q

e - . < \u.
a0~ BN B sasng, L #90 IR fneey avna Wosnawaay IR
P ! ) oy . G2 O Ly 9% 09 Ow o St
I oamem e o . e =3 o o LA
A ~ > w N._ r 1 Tt
St 3 b , ..
' . H 3 S v ;
. .'s - e - % ot b s - - - by . . - N »
C
g >

LOG SHLS é ‘t i !
ARG N VDD N

B L
. .
.
d oo e kay e s g -

e e 4e ke amm e e

W,
%
X
c
; N | | \ 3 }
viae LEY S 2A0N W el statutek e i Sl Eehanet Al SRR Y4 P Py
. Vo { Lo o Q <
CT T > B 2 150l
oo m f m Loy m, T 2 m
y ' v HE ) - - - - .  SURDUR VSR o . - )
i i : ! d A .¢ Iy ! -y 4 v A v M .
| /< B R LT 5 @
IEETA A CA Alus iz
o _ ! ” _ SN : , &
i S SO . . @ i ToyLwos 149 : m r [\ Mu,
L e e PN SRS AU SNUR BT - » (0 - Poe L z
e , A LT %7 2| WY w
3 » R - v ) - - . - . -
i IR | 3 , - 2 y | 70uLNOD m 2 % -
AR S A | 2o L NS
5 v i . ] R E . /vJ ) : N ! o] |
V ] o .ﬁ A - )
R I S AL IR T Sy B % , o8 ¢
. § ! . .9 . u
! i & ~ - 3
g - N . C e I e
Sk Rt st e Bt (R s BEREE
R R AR
V. < o .‘ “ Hm m W
. > ol
- '3 o at v n o

»at
,
.
Oy A

P M2 e _ a .EXB CJJ dou mpuunu@o BMOUY " aa37 . . - I
SHIR . &mmU. = x..unwu - , o :
' Ll L“ : . bm;.;) .:.u,l» L/Yz muU.LJu 24 .w%oru AHINY IJLON o/
s B . k - . toe : . G ﬂ E A3 e q , Nn‘ f
v . nuZﬁ?iiL..uLW..nw : - e
.w f -4 . , ~

earc

jemeex




\-FK\C'ﬂm VQUALS N

.

CRO. + SPTRINGS

'M.Pfuum. ﬂE}léES\ou oo CublAcXter\ ST e <

[ ¢
A B
-

P

WHEEL DISPLACEMENT R .
N . . k - S \, " "
9
. s .
s ” .
\ K ]
s
- .
- / EQUI LT DIROSOpE W HEEL DisvLAcEMenT
) . Dug To wmPyr NMNE ’ B ‘
» 0T ¥ STRok&
DL -20065TN
) : ’ ’ A& 2-10 §

PAGE

23




AD 18460~

" REV SYM

2.3

Peda} Contrs?

Rudder

The rudder system is a fully powered and irrevers ible systcm and as

[N

such there is assumed Lo be neo ceontrol availeble overithe rudder with

both hydrau]ic,éy"tpms failed. The flow chart for tn1s system is shown

on ngure ? 11 and the equat1ons and constants follow:

Statically, the relation between nedal force, Fp, and pedal

deflection, 5b, is Fp = +#FRp + ¥p (<SP) 1bs
| ' where  FRp = friction = 6 1b
and Kp is shorm on Figure 2-12 as @ fun'ction of 'Sp,

NOTE: Positive rudder pedal forces produce positive rudder and pedal
def]ectidns.,

Dynamically, the pedal deflection is given by the equationv—— '

59 = ' Spdemawded
(%)24- 2. éﬁ_’;e:_i- S

: where w d Lnd ‘5

inches

are sct-to values wirich give a good
repres entation of tue huffa]o d1rect10nal control system as
Judged by thc opinion of pilots who have flown the Buffalo.
E%

= 44,0 inches (over a radius of 10.35")

!

Imax

S SRnEm
deflection, = e -

dearees

where &, s moasured as the deflection of the faruard ruddar -

R

panel relative to the ciiord lina of the vertical tail.
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3
3
Q:TSR‘?,}38_secs.
p =gy -8, * ZrRzem o
R = Gp ° up to a maxinum-of
TOEN. R (v, o S) 2
. * s ‘v_' * i250
fwhére GR = 6,25 dégregs%inch
T§. = 1/35 secs
SRSAS_ /
xH “SRsAS MAX =, ¥25°/sec
o Sesag wax T A10%
The' blowdown Timited rUdde(Adef1ectioﬁs are aiven by the i
© identities: . A
C. TEER - B 5 |
4 8p,,, = 2100 COSOr decrees, with both
.= RMAX - :
T TR e 616340 _ o :
- I hydraulic systems on. .
f'2850C°f§g“   -degrees, with only one
6.163xQ . - >
hydraulic.systenm.

: The,mag}mum rudder rate is.limited to. + 3% . ?/set ¥
Ruddér’trfm.is a;comp]iéhed by re-indexing the rddderlfee] .
System. This hay be simulated by an additional input into the

~pedal force computat%on as shown in the flow diagram Fig. 211
The rudder trim rate is-*:® °/sec, and trim authority is.
+5.2° rudder deflection.
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2.5

Thrattlo Cohtrols

‘throtﬁle'poéitjon: S}H' feeds difectTy into the engine.simulation module

The throttle contrels arp mmmted on an.overheag consnk:1n the samp
ro?atlve position to r110 s eyn ws 1n the Buffalo. A var1ab1e friction
not is provwced. The maximua lever throw will be 38°, the sahe as for

the basic Buffalo. Figures 2-13 and 2-14 show the geometry., The

dealt with in Section 4. = . «

Hozzle Vector Controls

- The vector handles are mounied on an overhead consolein the same relative

' nway be evaluated by the s1mu1at10n p1lots, and the s1mu1ator hardzare
-variable fr1ct1on nut should be provided. In tne simulator, space

fgrward position CS 0°) indicating that the hot thrust is being

. ) o ) = . .
positiod to'the pilot's eye as the existinq Buffalo propeller pitch

controls, see F1gures 2- 13 and 2 14 Several handle andﬂknob desinns
should be capable of easy mod1f1catwon from one set to another. A
shou]d he prov1ded for a total throw of the vector handies of 90°,.a

vectored aft (<27= G°), and an aft position (& = 39°) indicating that
- ' / ’

the thrust is vectored down and forwards {V/'= 104°),
Movement of the vector handles will generally cause the nozzles ‘
to move at their maximum rate to the new demanded position.

Statically, 2 =G, SN - deadspace)

demand

where G, s linear givina full rozzle throw for full lever

throw, and the deadspace is nominally zero.

REV SYM
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**  Dynamically, 27 = ———--

r

* ~ where 1&;; +60°/sec for 1’? Gemand
and = 0 for 7%= 17 .

demand

é.G]Ffap De%]ecfion Controls |
| .fhe f]abtseléctor-will be mounted on an overhead consolein the same
Ii‘felationshié to the‘éilof‘s eye position as the flap selector in the
'x<BuffaTd,.see Fiéurés 2-13 and 2-14 It wi]l have the same throw as
the Buffaio contro], anproxxmately SFL 6’°, with 11tt1n or no
frict1on and gates set for FLAPS uP, 30°, 50°, -65° and 75° travel,

Jap handle deflectwon SFL’ causes the flans to move ot a given

v

deflectlon rate unt1] the demanded pOSlthﬂ is achieved. The F1a4>

-, deflection rate is fixed,at 14 deg/sec.
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3.9 Aercdynauic Forces apd Yerents

The equations for the aerodynamic force and moment Suiid-up

. . in stability axes are shown on Tabies 3-land 3-2,and the flow
diagrams,iFiéures 3-1 to 36. This build-up differ§ from that
used in previous studies of the augmentor wingAFTV and vtilizes
directly data gained’ in the Phase IV and V largé scale wind

“tunnel testing.

- The ram drag effects have been subtracted out from the tunnel
datd, and are added back into .the simulation as ram draa, Cprap,

“and rari drag pitching moment, Mpaqn, varying .with flight speed.-

Dpgp = (Mg + 1)V [s2.2~1bs

’

Mrém«=”-prah(EEI

@de-Xgl Sow & F)~ft.1h.
where ML and MR(mass flows into left and right engines) are

. defined in Section‘4.

u

<
I

A total airplane velocity, ft/sec (true airspeed)

1N
"

F‘. 'fuselage anglexéf attack =<{w-2.5°

N

El “distance from c.g. to enaine 4; , measured positive

(HLC'G - 161.67)
; 77

downwards ‘in body axes = fE, .

Q:EI. i‘ﬁjstance from c.g.*to enaine inlet face, measured
| positive forwards in body axes =(33L.6. - ]84) ft.
32

Note that with one ehgine failed the ram draoc on the operating

¥

engine causes a yawing moment as described in the equation for

NS.

AD 1546 O..

" REV SYM o aafl”ﬁ luo. Do ety

FAGE 2




AD 1846D

L

The tail anale of attack (table 3-1) includes the lac in devpwash

(in€e*), and the tail incidence due to pitch rate,-Aﬁ*Q . The

aerodynaric effects of tail stall will net be included in the

simulation, but it is essential to knew if any maneuver bringcs:

the tail to fhe predicted buffet becundary or outside the rance
of linear aerodynamics. ..For this reason, when the hofizbnta]
or vertical tails exceed the incidences shewn on Figure 3-7

2 warning should be given te the simulaticn encineers - either
in the form of a fiashing ]ight, or preferably by trigéering
an event marker on the data recorders. Thé dewnwash model is

that presented in Table 3-3.

The rotary derivatives Cig , Cig, Cin (i =m, L,y) are
computed using the polynomial expressions

inciuded here on Table 3-4.

The equations for the static sideslip derivatives (Table 3-1)

"have been changed to give a better fit to the lTatest. available

wind tunnel data. However, the derivative Qﬂé: is stild
very poorly defined in this data, and various censtant

values will therefore be used in the simulator studies.

The rolling and yawing moment equations include a calculaticn
of the out-of-balance moments caused by asymmetric blowinc of

the wings. This would be caused by asymmetric power from the

‘engines since each wing derives its blowing air in unccual
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g -« the flaps; and the differences in 1ift and drag between the

tr

. proportions frem each engine.  .To celculate these moments, use

has: been rade of thc existinﬂACLwB and ACpup data.

quds are used to ca?cu}ate ro]lwno and vawinag moments through

These . A

~tables are entered at an equivalent left and right C va]ue for'ii

gthe:useﬁof an qffectzy

o~

e moment “th;yc,p‘~

-

% For thefhominal‘64/35

split of blowing air from each engine:

read off the data in the correct CJ range.

/‘7ac§ua3'va1ues for each wing and this

%

4

| ancé the ACLyp. and ACpyp data are functions of CJTOf, then ™

the effective €y values for each wing are doubled in order to

‘the corr oC, 2% L
the correct > and OCy are used to cglculate the asy-
mmetric forces. Howevew, the forces sc derived are double the

is taken into accecunt in

the equations as follows:

This ensures that~ i -

: 1

to these finures.

and3-2are plotted on Figures 3-8 to 3-41.

Cg asymretric ~ ]/2 [ ACLHB - AC ypl X CLE
blowing GGy Cy=C
l J7 JR
CNasymmetricA = 1/2 [ACpwe - ACDWB 1 x Yo

The individual components of each of the equations of Tables 3-1

Table 3-5 is an index

Table r61nc1udes all the oeoretrxc censtants

A

S 38 TeL .43, Teg A -
S PN kL 3. 7cR 3 ;
ot q ¢ sw
\ - .»,é; ,-',': H
+ - .

L, {,38 gt B TCL]

Cr Q. su

4

used in the equations.
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DOVIWASH FODEL

The dovnwash model used was identical to a previous NASA Ames simulation
for a céhfiggration very similaf to the Modified C-8A. Io changes were made
to reflect the ‘actual f.T.V. geomé%ry except that the lag in dounwa;h vasf‘
computed usiﬁk @he latest ?alues of tail length ZT and Zns sée'@able 3-2.
The Qodel has been USéa to generate the reference downwash data for various

flap settings shown in Figures 3-13 to 3-17.

N - '

.

LA
3 et
B et

-DOWNVWASH MODEL
.Table 3-3

_

‘* Dt 4100 7740 ORIG. /71 .
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The exi:zting (Reference 2) equations for the rotary derivatives ¢f =
si:;wilar to the Moditied C-8A have been used with nc f:odi‘f-ications to 2'ef‘3;ect the
actual geometry. These ecguations anal:,'t;ically define data curves generated by
deliavilland. The values of - CL.WrB used in these equations is replaced by the

output of the table look up routine in ithe new aerodynamic build-up, For

reference purposes the rotary derivative equations are as follows:
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5.0 Propulsive Forces and Momznts

'Propulsi{ve forces and moments are ad¢ed to the aecrodynamic forces and
‘moments resolved into the body axes in the same way as"in the existing
simulatibn, Reference 2. The new moment arms are given-on Table 3-6.
The'enginevmodel computes gross hot thrust, isentropic cold thrust and
inlet mass flow (fof ram drag). Ram drag effects have been includéd in
‘the aerodynamic model, Section 3. Figure 4-1 shows tﬁe flow diagram for
the engine sinulation. The engine arms and ql] geometric data are

given on Table 3-6.

Thelstati; relationships beiweén'throttle inputs,BTﬂ, and RPM, Tc, TH

- and ﬁ,afeAshown'oﬁ.Figuré 4?2,Vinc1uding'a1l duct and exhaust losses

. for the nominal engine configiration (engine test stand data corrected
for conical nozzle tail pipes). The factors ng and CSZ (see Figure 4-1)
givé the extra losses due to nozzie rotation angle. The engine
véccé]eration/dece1eration dynamics are shown on Figures 4-3 and 4-4.

Engine failurgs will be simulated by a thrust lecss of 42% per second.

Tbe augméntor nozzle flow for each wing is derived in part from both the
left and right engines thréugh the créssover ducts. The ratio of flow -
frém each engine to each wing may be varied in the simula;idn in order ;
to investigaée how much engine-out momant relief can be gained from

asymmetric blowing. The total blowing coefficient is given by:

REV SYM ) BOEING ]Noi D6=26065TH -
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J = T "
i TOT Q ° SY
Each wing flep receives a pr’oportiona] coefficient:'
" C. .38 TCL + .43 TCQ
SJeLap T =
L Q" su
. .43 7. .38
* * Cy ‘ - A TCL.+ TCR
FLAPR : T . Y
The ailercns are fed from t'he_e"ngine on the opposite wing‘.“
‘ o ~ The equa'tionsvar'e: ' o
o = EICR
' g . SW

JAR . Q— . SW
A ‘** The duct lag' may be simulated by a fifst'ordér lag. Nominally
: ”ﬁz S this lag will be set to zero..
¥ ‘ . A

e o
< i
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5.0 Mirelus 305 and Irartia Choracteristice ‘

For each sirulated fligint the weight and inertia remain constant since”
fuel burn-off is ignored. There should, lLiowever, be capability to
change in%tial-weiqht, c.q. position and incrtias prior to each run.
The todified C-8A weight and é.g. characteristics arc‘shown in Figuré 5-1.
»For normal conditions the €.g. varies with gross weight (fuel loading)
'aldng the "nominal CG" Tine. Crew and flignt test instrumentation
weight are inc]Uded in the OlE.H. value. Airplane méﬁent; of inertia
are presentéd.in Figures 5-2 through.5-4. Two roll inertia levels

~are shown depending on fuel system confiquration.
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6.0

7.0

Pigid-Body Cauntions of Motion in tie Farth's Gravitatioml Field,

. Includina Atmespheric Disturbances

These should Le the same as those Qsed in the existing NASA simulétion,
Reference 2, including the special qust mode). These special austs,
éDG'and FéDG’ simulate the effects of large amplitude ran?om distur-
bances in roll and yaw. Additionally, downdrafts and shears will be

Qsed to evaluate -maximum flight control system rate requirehents. Figure
specifies the shear as a function of altitude and the downdraft as a-

function of distance from the runway threshold.

7Accelerations at the Pilot's Station

‘ These:are computed for use in driving the HASA FSAA six-deqree-of-freedom

motion base. Existing equations derived. by NASA should be used. Stal]
buffet hay be added at CLma*.if this can casily be added to the existing

program.

| ',.Thg pilot is seated a distante_xp forward of the ¢.g. end 2p above it,

5.6

" where: : B B .

T X 5.82§$2- 115.5 feet

D935 - e N
s p T TOT feet | o (eye.position)

¢

Outside Wortd Yisual Presentaticn to the Pitot

K color television display of a 1/600 scale model is used at HASA to give
a representation of the visual scene as would he observed during approach
and landing under varying liahting, cloud and visibility conditions. The

field of view available should be adjusted to represent as closely as '

6-1

‘nossible that availaehle fro~ the Fuffalo.
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9.0

Pilot's Instrunonts and Cah [nvironoant

The instrumentation layout required for the simulator cab is shown

schematically on Figure:9-1.

Raw ILS signals will be fed to the iiSI and the ADI command bars. Both
the glide slope error and the localizer error signals will be used at
1/3 sensitivity while flying the 7-1/2 degreé appreach path to’ compensate

for the increased signal sensitivity given by the shorter range to

“touchdown on these steep glide paths.

!

. The‘Bodm'IAS shbu]d run one full revolution. per 100 knots. .The radio
A laltimeter,‘VSI; T/S, compass, standby altimeter and ASI are all styled 2
. . . 3]

‘as the existing'Buffa1o instruments.

Instruments indicating trim position for the aileron and the rudder’

w111 be provided, preferab1y p1ated'on ;he overhead consol as in the

‘Buffalo. A dual function (lateral/longitudinal) trim switch will be

provided at thé pilot's left hand thumb position.. Rudder trim is via

& switch situated next to’the rudder trim indicatof.

Engine noise will be éimu]ated_at a level high enough to mask the noise

G

from the motion base.
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10.0 Leteral-<Directioral Stability Aueasntation Svstem

~The lateral-directional stability augmentation system is divided into
separate systems for each control axis. Both Systems are automatically

‘ disengaged above 100 knots.

-'Figufe 10~1 shows the simulation diégram of the’]aieral‘SAS. Three
feéﬂback signals are used along with the control wheel input described
in Séc@ion 2.2:

tk 1; Body axis.roli rate (RB) for roll mode augmentation
 ;732.‘ Body axis yaw rate (Py) for spiral ‘mode augmentation
3. ,Siéeé]ibfangle (B) for variation of dihedra) effect
S ::"_ﬂn oh/off'switch énd adjustaﬁlq gaiﬁ islprovided”for eéch lobb. :The:f .

Ly

signdl§ are surmed and fed to the 35 rad/sec band-width servo actuator
. :_that is’ rate and n031t1on 11”1th Sw1tch 4 represents the p*IG::'
' enqage/drs enqage )W19Ch and qu1cP disconnect suitch, SWTtCHP’ 5 and 6
are used for~szmu1atinn active fa11ures The location of
: swrtches 1n the cab shcu)d closely approxvnate their actual locCtmon o
‘in the. aurp]ane Accuracy is necessarv to properly evaluate pilot responsc

t ) -

to failures.

Lateral SAS inputs are summed in series with pilot's wheel innuts and
fed to the.ailerons, choke and spoiler actuators. Provisions should

..‘be made to permit lataral SAS irnuts to the ailerons only (Switch 7).

,-In the normal operat1ng mode, the leteral SAS qains are:

AD 18460
*

T DA _%rrf'f'
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' 1.50 «L"/ ra/sec (Flon > £0°) .
Koo = b P
‘ .u:r r uc/d(’O/Sf‘C \fl({ﬁ_\é- U ) )
st = W13 deg/ééq/sec'

Komn - =

. . . 14 .
For simulator studies the gqains rmay he varied at will; houeever, the

~ variable gain feature of the actual SAS permits a range of -2.7& K&

+ 2.7 for all channels. Figure 10-2 shows the directional stability

augmentation system. Switches 8, 9, 10 centrol the turn coordinator

feedback sigha]s;:whfcﬁ'consjst of wheel pbsitfon'(gw ), body*axis

'.ro1l rate (P ) and ro]] attituce (Q)Q Dutch roll damping uses either

body axis yaw rate, RB’ (Su1tch 11) or a derived sideslip rate,

;lgder’ where zeder = <Ry + .79395 witches 11 and 12). The signal
‘may or may not be bandpassed'(5w1tch 13). A1l signals are summed and

‘fed.to-a servo actuator as in the lateral axis. ‘Switch 16 is the

system engage/disengane,quick disconnect switch and must be

synchronized with switch 4.in the Jateré1 SAS.

| In the normal operating mode, the directional SAS qains are

K =0

TC1
. (.60 dcg/deg/sec . (flap.> 40°)
KTCZ .30 deq/dnc/sec (flap < 40°)-

i

.10 deg/deg (flap > 40°)
Kre3 e -
0 (flap < 40°)
Kyp = .40 d?%/deg/scc (w1Fh filter)
REV SYM LPTEIN LG [No-nﬂ_rfoéuTu
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B

AN gains may be varied at will; however, the variable gain feature
“of the actual directional SAS permits the following range, "
- £ K L
2.7 < KTCZ or KYD < +2.7
- h £ Y <
bh< KTC] or ‘\Tc3.__.+.54
- . ’i;
. L
[
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‘11.0 Additionsl Gimulation Print-Cut Requiroménts

11.1 Ps an aid in evaluating the airplane performance and the

f0110w1ng parametevs should be stored in Lhe cowputor durina

each run and unloaded in printed fnrn at the end of the run,

with the,date‘and relevant run nunber attached to the list.

)
e 2

FLARE 1 m\VTIATIor

TiD;'is‘defined‘as either main wheel touching the runway. If

the nose wheel toughes first, this fact should be noted on the

. AD 1548 D

T
i
i
|

p1lot worm10ad for fach sinulated 1and1ng or fallure case, the'l

{ .

]

print-out. : - o R
At Break-out Altitude (to be defined) record:

VA’ h, XE) YE"?‘ : . . -
At 50' altitude (assuming this is prior to flare initiation)
record: - o |

; x ’ Y s + g) ”) d" .
Voo bt TETE SU €>
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At todchdown record:

VA’ h;"XE‘y YE')\P, :g‘. ﬁ' ol 3F ’ h
?fom 500 feet down to 50 feet calculate the following rms
error va]ues
'G1lde s1ope error, localiser .error, speed error from

refereﬂce (or&

error s, pilot's stwck force, pilot's wheel

force, px]ot s rudder pedal force, thrust vector angle

displacement. from trim poéition.
t

‘To he]p in: 1dent1fy1nq expected structural loading condition

.durina each p1loted s1mu1ator run a buzzershmki sound in the

ad

'cockp}t if the load factor is outside the bhounds 0 to 2.0.

Asfan'aid to ChecP-dut‘of the program, and for producing

ftrim data for var1ous flight conditions, the fo]1OW1no data

shou1d be added to the PRINT statement

" Dynamic pressure;, R Ib/ft

- Computed 1ift coefficient, ¢, = —=tre—

L co SW

Aerodynamic 11ft coefficient,

CLAERO ACL‘IB {ACLLAT conT*CLrarL

* O wine Tv‘,\“ “Wrne 2
. = Vi
* MLGROQND EFFECT
T +T

Cold thrust blowing coefficient, Cj;5r = —%ngég B

Sy,

|

-
; 1
SRR PO
}
‘- ;
| = 1.2
.«: "'*"-.'. . o
w '
1103
.""at;u
A o
: ]
bid
. (=]
. . ‘
S
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AD 1548 D_ .

. , T ,
ot thrust blowing coefficient, CTTOT -ﬂgI_L,i;..Rm
Q -SW
o Tail incidence, Oy, - degrees
Downwash, & - degrees
Differential Aileron angle , ASa A&ag.z. D&
- Aileron droop, Sadr‘oop degrees
Augmentor choke, S‘CH = gCHR ’SC‘HL‘
‘Ai(‘rcraft c.g. position - fraction of m.a.c.
Aircraft weight, ¥ ]'b's.
Body mounted norma] accelerometel:. n,g = —-%
- Time  continuous traces of various parametérs should also be:
_ taken during each simulated landing, These parameters
will be spec’:ified'a't"'a_later date.
o
)'v.'
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"Appendix wi]] be used to make this evaluation.

-Figufe A3 shows/thé type of actuator moﬂe[ which would be used in

b APPENDIX A

AN EXPANDED SIMULATION OF THE HYDRAULIC SYSTEM AND THME POWER, CONTROL iz

‘%

ACTUATORS

1t is possible by use of an expanded simulation to investigate the
effect on vehicle handling qualities due to hydraulic pump
saturation in emevgency conditions. .Should the Avamentor Winge FTV

design become critical in this area, the simu%ator‘mode]s 9n’this

F}gUre A] descr1bes the flow ava11ab}e from eech engine dr1ven 4
;source and computes the system pressures as they depend on hydrau]mc

‘demands from each system

Figure A2 schematically shows the summation of all flow requirements

-in the f]ying controls system.

conjunction with this hydrau]%c system model. This type of s1mu1at1o?
prov1des an indication of rate and position of the servo output
as & function of input siagnal, available hydraulic supply and

actuator loading.
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. Demands in 6F-f75£§ L2 g
et I B De%ands
| in Sys.
g
P‘;A pSB )
. Hydraulic System A Hydrauiic System B :
Pressure Pressure ?
| . : - ~ = £ EQy=.96(01+0;) ;
- ' P ? . )‘
*Fyafy = FNp. 0p) es Ps = 2950

1t

‘Mp = Pump Speed.

Op.

]

* Puymp Displacement

| T T ZEQ Y
k¥ Pg-r(Qy-(2-E0p) .
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Where: P, = K (0)1'75 = Line Loss

' Constants depend1nq on 11ne Tength
and dia meter
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