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Preface

Wheu the Air Cushion System replaced the conventional takeoff
snd landing systems of the Jindivik remotely piloted vehicle, the
possibility existed that instabilities in pitch, roll, and yaw
could occur. As a result, this paper was intended as a design
of a Takeoff Stabilization System for the Jindivik using existing
autopilot sensors énd incorporating an engine yaw thruster and
vertical wing tip roll thrusters. When the design was completed,
it was sufficiently general that the technique could be applied
to any alr cushlon aircraft or VIOL aircraft. The Laﬁding Sta-
bilization System for the Jindivik using the same sensors and
actuators is presently being designed by Captain Max Stafford
as his thesis for the Air Force Institute of Technology (AFIT).

1 wish to express my gratitude to my Thesis advisors, Dr.
George Kurylowich of the Alr Force Flight Dynamics Laboratory
(AFFDL) and Major R. Potter of AFIT. Also, thanks are due.to
Captain James Negro of AFIT, Major Jack Randall and Mr. Jim
Steiger of the Air Force Flight Dynamics Laboratory for their
technical advice and assistancé.

My wife, Jane, does not kncw how much she has contributed
to this study, but her patience, understand;ng. and encouragement
has definitely made the past eighteen munths of work much easier.

Edward Kenney
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Flap angle
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from centre of curvature
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Abstract

The inherent instability in pitch and roll associated with
an Afr Cushion Landing System (ACLS) aircraft at low airspeeds
was investigated, and a means to aid control in pitch and roll
was developed. The control system required the use of vertical
wing tip thrusters which provided thrust up or down depending on
the control signal (similar to space vehicle thrusters). These
thrusters could be activate; alternately to control roll angle
and roll rate with the use of a bang-bang optimal controlle.r.
As well, the thrusters would be set forward of the aircraft
centre-of gravity and could be activated in tandum to aid in
pitch control.

The Jindivik Remotely Piloted Vehicle, an Australian tar-
. get drone, was fitted with an ACLS and taxi tests showed the
instability and need for a stabilization system. Subsequent
use of Jindivik wind tunnel and taxi test-data served as the
basis for the development of the roll/pitch control system .
presented 1in this paper. Due te computational problems with .
the air cushion model of the computer program, the controller

designs could not be completely verified; but expected trends

in pitch, roll and yaw control were shown.
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THE DESIGN OF A TAKEOFF STABILIZATION
SYSTEM FOR Aﬁ AIRCRAFT WITH AN AIR CUSHION LANDING SYSTEM
Chapter 1
Introduction

In the low speed range of a takeoff roll, the normal air-
craft controls aré not aerodynamically effective; hence, the
pilot must control. the heading by differential braking and wait
until the ailerons become effective to control roll. During
this time, the landing gear dampens most of the pitch and roll
oscillations so that the pilot has few corrections to make in
the latter part of the rakeoff roll. However, when the conven-
tional landing gear is replaced by an Air Cushion Takeoff System
(ACTS) the pitch and roll damping is greatly reduced. This '
paper will use the Jindivik Remotely Piloted Vehicle as an ex-
améle of an air cushion vehicle that can be controlled in the
low speed range with the use of small jet thrusters on the wing
tips and a thrust deflector on the tail section.

The Jindivik Remotely Piloted Vehicle (RPV) 1s an Australian
tafget drone that can be launched and recovered on a runway. At
present, the takeoff is accomplished with a takeoff dolly, as
shown in Fig. 1, that provides a wing level attitude and direc-
tional control. At 1ift off the Jindivik separates from the
dolly and the dolly brakes to a stop. Recovery of the Jindivik
is done by landing on a single, four inch wide metal skid attach-

ed to the fuselage. Directional control during landing is

maintained with the ailerons, the rolling moment thus produced
i ~

P
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Fig. 1. Jindivik on a Takeoff Dolly

makes the drone ride up onto an edge of the skid and turn in
th; direction of tbe roll. For the last twelve years the
Australian Air Force has used the Jindivik in this confiéura—
tion with considerable success.

A joint project by the Australian Air Force and the U#ited
States Air Force was initiated in 1972 to incorporate an Air
Cushion Landing System on the Jindivik. The objectives of this
project were to convert the Jindivik to an all-terrain RPV and
to advance air cushion technology. The drone 2nd air cushion
are shown in Fig. 2. 1Initial lo; speed taxi tests, completed
in Australia, show that the aircraft fitted with the air cushion
is unstable in roll, pitch, and directioral control (yaw) (Ref,

13). Therefore, a Stability Augmentation System (SAS) will have
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Fig. 2. Jindivik and Air Cushion Landing System

to be designed and incorporated into the autopilot before the

RPV 18 airworthy.

Since the drone was designed to be launched from a direc-

tionally controlled dolly, it was not designed with a rudder.

Implementation of a rudder during this project would require

extensive structural changes and major changes to the autopilot

and ground control units. Therefore, a yaw thruster was de-
signed and fitted to the rear of the fuselage to direct the
jet exhaust, thus providing a yawing moment. Roll and pirch
control will be provided by a vertical roll thruster on the
front tip cf each wing pod. The roll thrusters will be ac-
tivated alternately to control rolling moments and in tandum

to control pitch. Since the roll thrusters are oan the tip

3 .
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DYNANICS | |
»~Elevators J'_r; 1
|
- 2 Aerodynamic
-.>[I-_1_a_p_s_—__|_.t Lirkages |
. —»JAilerons -}__! |
' .
PRESENT | |
. _ ]
SAS < | AUTOPILOT < =

Fig. 3. Block Diagram of Autopilot and SAS Control Units
of the wing pods, they are approximately six feet ahead of the centre
of gravity of the drone and hence can p;oduce a moment to control
the pitch attitude to some degree. As well, the roll thrusters
can be directed up or down to counteract positive or negat}ve
rolling and pitching moments.

At velocities near fifty knots, the ailerons and flaps be-
come aerodynamically effective and the roll thrusters are phased
out to ensure that the vehicle is not overcontrolled. An addi-
tional advantage of turning off'the roll thrusters is that a
smaller gas supply is required for the thrusters. Hence, they
can be used with a gas bottle rather than bleed air from the
engine. This arrangement will greatly reduce the airframe and

engine modifications required for implementation.
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The stability augmentation sfstem will be-designed to use
the existing sensors in the autopilot to control the roll and
pitch thrusters. The SAS unit will be placed in the feedback

control loop between the autopilot and actuators, as shown in

_ Fig. 3.

This thesis is organized in the following manner: Chapter
11 deve}ops the equations of motion and aerodynamic stability
derivatives, Chapter III describes the air cushion model, Chap-
ter IV discusses the contrnller design, Chapter V contains a
descriptior of the computer program and the simulation results,

and Chapter VI the conclusions and recommendations.
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Chapter II

The Determination and Solution
of the Jindivik Equationg of Motion

The following six simultaneous non-linear differential
equations fully describe the motion of the Jindivik RPV. The
positive sengse of the variables is in the direction of the arrows

in Fig. &.

(0 ~VR+Wa) = -mg siNe +Fax ¥Fxyr 8%
M(\? +UR-WP) = /mgsm¢c050 + Fay +Fyexr (2)

mO~ —UR+VP) = mgcosd cosé 4 FAz +Fgzexr )
Tan P-TxaRTL2PQ +TeeTy)RR=Lp + X exr @)
Iyyé‘fd:xx"lze) PR+Ixz(P*RY) =ln + Mexr (5)
T22 R -Ixe P +@yy -Ix) PR+ IxeQR= 74 +7exr (6)
The equations are first order in U, V, W, P, Q, and R with the

added kinematic reiationships:

P___é-q)swe o
Q-_-:écos¢ +VPcosesiNg (8)
R:ﬂ’cosecoscp-‘é SIN ¢ (9

The assumptions used in the derivation of these equations were:
(1) the airctaft 1s a rigid body, (2) the mass of the aircraft
is constant for the duration of the analysis, (3) gravity is
constant, (4) the earth 1is an inertial reference, (5) and there
is body axis syrmetry about the x-z plane (1.e.,Ixy=O=Iyé ).
Equations (1) to (9) are included in the subroutines of the

"EASY Dynamic Analysis Computer Program to Aircraft Modeling”

6
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Pig. 4. Definitions of Vector Components in the
Equations of Motion

(Ref. 5) which was used to simulate the takeoff motions of the
Jindivik. The inputs required by EASY are the mass, inertias,
geometry of the aircraft, and tne aerodynamic and external forces
acting on the drone. The air cushio; system is considered to be
a prime generator of the external forces ana moments (aside from
engine forces and mouments) and is described in the next chapter.
The mass, inertias and geometry are readily available from air-
eraft bluec prints and reference manuals; aﬁa the aerodynamic
forces and moments can be computed from wind tunnel model data
and theoretical methods.

The aerodynamic forces and moments can be written as: '

L:(:,qu (10)
D:CD @5 : N (11)

T Yo s
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X= C‘Q@S - (13)
N=Cngs (14)
M= Cm @S (15)

where CL: -S:((,(,)a(,)o'(.)%«) S'e_.) S;) (16)
Cp= F(Uy*s%s Gy e,y S5) an

Cy= $str s
Ca= $(&y84pyns5a) (19)
Com = £(ps%,Ps2s §p) (20)
Cm. = F(uyns &y g 58, 55) 1)

The coefficients Cr , Tp , Ty, C¢ ., Cn » and Con
are non-dimensional. By determining the coefficients for every
flight condition, the aerodynamic forces and moments can bé cal-
culated and added to the external forces and moments to produce
the aircraft motions. These calculations are done by the EASY
program but the program requires all the aerodynamic stability
derivatives (all the functional relationships which determine
the force and moment coefficienté). The remainder of this chap-
ter will deal with the derivation of the stability derivatives.
These derivatives are derived in the stability axis system as

defined by Blakelock (Ref. 2). .
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Reference 13 contains wind tunnel data for the Jindivik in
various configurations, including one when fitted with the Air
Cushion Recovery System (ACRS). The ACRS is the air cushion
trunk with which the drone lands, but it also has an Air Cushion
Takeoff System (ACTS) trunk with which it takes off. After
takeoff, the ACTS is disengaged and drops to the ground. Both
trunks are the same shape with the ACTS being about 212Z larger
in all dimensions. Since no wind tunnel data was avatlable for
the ACTS, the data for the ACRS wag extrapolated by percentages
and assumed to be fairly accurate for the ACTS, An example of.
the estimation technique is that the increase in the frontal
area of the aircraft duve to the replacement of the ACRS by the
ACTS was 6%; therefore, the valugs of the coefficient of drag

( C,. ) were increased by 7%. Since the trunk does not generate
~D

11ft, the coefficient of 1lift ( C, ) was not affected, nor was

the coefficient of side force ( Cy ); symmetry about the x-2z
axis meant that the coefficient cf yawing moment ( C, ) was
not affected. The pitching moment coefficient (C,, ) and
rolling moment coefficient ( C_¢ ) were affected by the per-
centage that the increased drag affected those moments., Thus,
Co, Co, Cy ,Ce , Cm , and Cn can be empirically de-

termined as functions of the angle of attack (o ), the sideslip

-« @ ), and the elevator deflection ( $e ). In other words %92 ,
o

C Co L ACe. OCy (o} IC
CraE R i I I e
.3%@ , and .%Cm can be found from the wind tunnel data,

< ¢

Non-dimensional derivatives were calculated because they

provided a means of checking typical values and signs with

9
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Roskam (Ref. 1l7) and Blakelock (Ref. 2). Before entering the

derivatives into the EASY program, they were dimensionalized.
At low airspeeds the heave motion of the air cushion can

create angles of attack beyond the stall limit, but at these

speeds aerodynamic contributions to the aircraft dynamics are

small.

Stability Derivative Derivation

T

From 2 curve of C vs. X of the wind tumnel data it can

be shown that

CL=Cuy +———‘3§;" x (22)

C,,and <, & % can be determined directly as the C, inter-

rd
cept and slope of the curve.

et .

-~

From a drag polar of C vs. Cp {t can be shown that
- iy )
where Coo and K are determined by a curve fit of wind tunnel
data of C, and C . Substituting for C
K3
Cp =Coot K(Crot iy
- b A+C b) 24)
= CpotK(CS+2C, S A+ %

differentiating aioz K C:lCLoCLd. _f_aC_L:' a() (25)
=2 KCL.( (C Lo +CL4’()
. A ‘
80 C‘D,(= -%CT(Q = QKCL,‘CL (26)

Roskam (Ref. 17, pgs 4.12, 1.18, 4.25) shows that for velonities
below 300 ft/sec the variation of 11ft, pitch moment, and drag

with velocity 1is zero. Thus, !

dCD:' O = C;CL = 0Cm

—

Da oa  da @7

10




T T T T T

APIT/GE/EE/77D-43

The quantities

OCo . 0% . OCe . OCe . 3Cm . OCm . OCm
O fe 03¢ oSe o8¢ g% ofe XY

were all computer from curve-fits of the wind tunnel data.

Cek

Prom Roskam (Ref. 17) it can be shown that the angle of

attack of the tail in downwash is

e A=-L-€ (28)
and for a particular angle of attack

Ady = —AE

422"

= Jgfé'i.és;
« u - (29)

now the change in 1lift coefficient on the tail due to downwash is

Cray X At 0€
Loy o<
(30)
The change in aircraft lift is
ACL = ACLt.S"J'-
S (31)
acL =C L+ s
= € S+
ox "‘t‘w%? (32)
adcau- 2

~ AR ces AClx, o

4
ﬁRV' +(CL*1-DCOS))1 +CL“1-DCOS'\ G4
TTAR m

C = 5.7 | 35
Ly 3 (35)

A is sweep angle and AR 1is aspect ratio (Ref. 7)
11 '
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The viné contribution to ‘:t-k is considerable but can not be
estimated (usiné Roskam, DATCOM, etc.). So a "typical" value
from Roskam of C g% l’ff\\&—‘ was used; fortunately this deriva-
tive 1s of minor importance (Ref. 17, p. 4.114).
Cms |

The contribution of the wing was neglected because it will
be negligible with regpect to the tail coatribution. The correc-

tion to the pitching moment due to downwash on the tail is

<QQC;;)ﬂ4H.::"‘Q(:Lut ';%gi J%EE

= —CLy, Q€ & 2% St (36)
‘1;c’4 c U s
and Cm - Clut Qe —Qz St (37)
X [ o U S
\ 1 '
o Me T e ok c*S O«

CLS(

G changes the apngle of attack on the tail by_g_gt radians
a .

(for quasistatic conditions)

%0 Axe= gLt (39)

w sei-Spece = Spcu, als o
differentiating @ Ct—) = C""t St Le ' 1)
3% TAIL S W

and the contribution of the wing body is negligible in comparison

to the tail (Ref. 17, p. 153)

22y oG = 2Ciie Sp e
C og¢ cs

now CL% (42)

12

B aaA s s s eodher A b, . 58 £

e DA 4

e 8

-
b el A st WA i 0
N

PR S T R N WD "t PP

o -
.

-

. [T
I NPT PR S I

ARt -« mede o Aen.d o

-
e nh A

s om . ¢
. ame s il . & .

L




AFIT/GE/EE/77D-43

Cange

The moment on the tail is

AP Py Er T .

=-ReCLe G Se (43)

and the change in moment due to a change in angle of attack is

A mt = —§¢¢Qt $¢ACLt

- = ‘@itstc'--(t.A“t
’ 3
=-% _—'L'eis Cie @ ‘
(44) -
. .
and ACmye = T F ‘Qaf::_‘f Se (45)

(Q‘anr =- 0% Cerut St
ALL ucs (46)

since the wing contribution is negligible with respect to the

tail (Ref. 17, p. 153)

I Cmg Eci (%‘)r" QR*CC“; 2LeCeaySp T wn

© Derivatives
X

Wind tunnel data gave Cy , C_(?, and Cp vs. €° for v.alues
of / P/.‘.7°. but in any takeoff with crosswind the sideslip will
; normally exceed 7°. The normal takeoff procedure will be to
initially line the aircraft into the relative wind at the center-
line and chahge the heading. as the aircraft gains speed. This

procedure should keep (5 within ;+_30° and the present data can be

o . .

curve fitted and extrapolated to this value. Consequently, ex-

mad et o d

pressions can be obtained for C)’@ ’ C,% , and C”‘Q from the data.
The Q derivatives have been assumed to be zero (Ref. 17). For

i the e » p» and JU derivatives the effect of sidewash on the tail

has been neglected.

13
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D Derivatives
—f

The change 1ncm from the tail side force due to roll rate p 1s

o) 2l _.—AC:S’ j
@cohel = ye 2F Lr

=~-ClLy, PQ[: SFiF (48)
UYShb

éCM == Ctar D SE Lr (49)
UShH

where ﬁF is the mean height of the fin, and the effect of sidewash

has been neglected

80

oG - 2C e Bs Se be
(CMP)M 21-( ’(fs- L2 a (50)

The wiag contribution is in two parts due to lift and drag. For positive
p the angle of attack is increased on the ri;ht wing and decreased on
the left; thus inclining and »changing the 1ift and drag vectors of each
| wing sectioun. The inclination angle is 9P=%Y_ where y is the spanwise
coordinate of the section. The change in lift is
ALyt = %CL&och{,y
- g Cg_,( %CJY (51)
and ' AL,‘;gM =—%CL<%\L C,Ay |

(52)

where Cc(y is the area of the wing section.

So the change in the yawirg moment due to 1lift is

a 7/—&%" = -y ALW_EJ‘# (53)
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" and A Daght™ = %3 de%caly (60)

and A?/,\,}Lt =y AL/‘»’ajvt-v‘-??L (54)
8o A% y 7 —854[)1 Coy p"y (55)

and the total yawing moment of the wing is

f%A Hitine &g

o

1|

A7 e

' 3
"282e Cel Sy

u
__scC 214
=-geteeh 6
— ¢
and Q =-%CP5 ,_C“" (57)
op j6 W
FY )/ b*c
(C"‘P)W:j < ’gl 3% - Léxga (58)

the change in drag is A
ADogr = -7 Cp, &% CAy
=-g Co‘,(P-V- Cd)’ . (59)

the corresponding change in yawing mcment is

| Aﬂ,&# : g.%i‘:(_c_bipyaly (61)

and 47,,?&' = %’ Cogup \[‘cdy (62) 4
}

. B Wucting = 2F Sopy cdy ©
T

| ;
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- U
and APy = RE=Soa P - y Ay
= g Souph 64)
12U
- 3
op X7 .
C
d C é__bf_%z - Sb«bc 6)
and <f /"FbéLut?’ :ileL 3 (; <
sumning all effects z
C,,,P = « 2264 Se - CL-‘P}D&_'_ Crch ¥
Sb* LUg ¢y
- 2Cuu, 50 Sk _Cuixpb_, Cox
N s su ¢ (67

Cyp
C:YF,is often negligible (Ref. 17, p. 170) and the tail is the major
contributor. Let the mear change in angle of attack of the vertical
stabilizer (£in) be
Axp = —P2JF | - (68)
u .

where Az 1s the mean height of the fin

 now Acyp b CL“F AXF

= -Cuag P,”‘i!F- (69)

80 the change on the side force coefficient of .the aircraft is.(sidewash
is neglected)

s —%—Li =~ SSF ’-”uf Ciap (71)
and Cy.= 24 9C - o 2SE A Cext e (72)
YPTTb Op SbL
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Cop

l The wing is the only major contributor (Ref. 17, p. 170). Etkin
(Ref. 9) shows that.the rolling velocity, P produces a change in the
angle of attack of each wing section which is proportional to the span,

i.e.,

u (73)
where )} is the spanwise coordinate of the wing section. Then the lift

distribution on the wing due to rolling is estimated to be
P

B

2

Etkin (Ref. 9) changes the triangular lift aistritution to a

sinusoidal distribution to account for the loss of 1lift at the

wing tip; due to spanwise flow around the wing tips. However, since
the Jindivik has large tip tanks the lateral airflow will be minimized
and the 1ift distribution will be closer tov the triangular distribution

shown.

The change in 1ift will be .
AL = ;chc,_«< Axcd/v

= 2§ cl—a( _@_{%X_a(y (74)

and the change in rolling moment due to this 1lift will be

AX =-y§Cwuwcpy e A}’ g

17
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- thus ;/=-52.¢.%g£5,y4r
| 3
i _ .3 cC b
= %T%JE" (76)
% —_ 3
| 80 ’ ’ _Lf_z—%i—c—i& aon
oP 24U
. v
and oL 0L -Ceab & (78)
dp 85k dp  x a2+ . ]
80 Co é‘Lu &C‘Q = _\ch b_C = —CLn( 79 ) ‘-
P~ b 0p Il2s 1z '

/U Derivatives

Cya

The tail is the prime contributor (Ref. 17, p. 174). The change in

fin angle of attack due to a yaw rate is

-~

Al g =—/L_L(&E . ' (80)

so the change in side force due to the tail is

AC)I < CL’(F SF /LJF

(81)

s U
%—Z C‘-a(,: .S'F,ZF ’ (82)

Cyfb- gé{ %_L QCLG(F SP/QI' ’ (83)
Con

Contributions are from the wing and tail. The side force on the ‘ail

acts at ﬁF , the mean height of the fin

T TR

: and AF)’:ACY gS '

: - g SCL&FSE/:,@: (84)
‘ S U
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. ’ Ve
= g S CL oL E SF /L 'Q F Q F
S U
differentiating

ax_"SCL.& SFiFQF.
O~ = FSL{ i

and - : C,Q ,1)4,-4:_'9. u ) é L

b sZb o~
~ LCL-(F S&{QF AF
Sb*

A positive 2L also increases 1ift on the left wing and decreases it on

the right; the change in lift on each wing section is
Alapr wclir, = 54 C cdy
- v c,cd
= é: Y (25“) 2 )4
z
=Leyyc .cdy

and

now the change in rolling moment due to two sections at >/ is
< 3
a2 = pAy Cocdy
and the total rolling moment change for the wing is
bAh 3
- T C,
Ad = P Ce ~S; % 61)/

ontCLc bt
V4

4
= 3AC cb
&4 32“"’ N
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now

Py 3 - ~C.b
g - 2

and (Ck,\) 22U %{ - 2C.b (94)

sumning the components

- QCL&P S',:,pﬁﬁp + /Z.CL.E
S b* 3 Uu

Con (95)

Can
The tail and wing contribute toCmA. Knowing that the change in the

fin angle of attack 1s

Aoy ==_—_£<«#. | - (96)

and the mouent arm of the tail is ,fF then

é}?f)ﬂz ~’QF CL@J Seal- ZS

S U —¢ (97)
8o (_g/\l)w :fgS_CL*F _gsﬁ_’fé’_ (98)
80 4 é-—a Y /
@M'ij L S3b )éz

:hQCL*F SF /?Fz

S b (99)
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A positive /U increases the drag on the left wing and decrcases drag

on the right wing. The change in drag on eac“ wing section is

ADW%t-,,\.-.A% CDch
=L pCo A yte dy (100) ,
- 4 D"'g*r““‘t":";'i (’CD/‘}Y‘CC{Y (101)
go the z-.hange in yawing moment is |
C 1 b{ 3a(
AT =-¢ o, vy :
4
_ _pConrtch - (102)
A \ g4
now M = "QCD /‘1654 - — iCD/'LCLq- (103)
on 32 16 W
and (C”‘ ") vy =Y A% =-.Con b _ b (104) N
- uﬂﬁzj L) :;q;t> 6;41' 8 U %f
summing the compoﬁents )
3 .
Cmn == 1CL“:-§LF[F - ——C%’ib . (105)

Once all the derivatives had been determined or estimated, Ref. 15 was

used to convert to dimentional bcdy-axis derivatives. The derivatives

were the written into the EASY program.
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Chapter III

The Air Cushion Model

The air cushion model used in this analysis is a truncated version
of an ACLS model that was designed by Foster-Miller Associates Inc. of
Waltham, Massachusetts for the National Aeronautics and Space Adminis-
tration (NASA) (Ref. 4).

The basic ACTS ccnfiguration is shown in Fig. 5. The model in-
cludes four primary subsystems: (1) the fan, (2) the feeding system,
(3) the trunk, and (5) the cushion. Air from the fan flows through
the ducts and plenum (feeding system) and eaters the trunk. The trunk
has several rows of orifices thar exhaust both to the cushion and the
atmosphere. Thus, the airflow from the trunk has two components,
one entering the cushion and the other leading directly to the atmos-
phere. The cushion flow exhausts to tﬁe'atmosphere through the clearance
gap formed between the trunk and ground. In addition to the basic flows
deccribed above, two other flows have been included in the model. These
are the plenum bleed flow and the direct cushion flow. Plenum bleeding
causes some of the air to flow directly from plenum to atmosphere, and
has been used in some designs to improve the dynamic characteristics of
the air supply system. Direct flow from tﬁe plenum to the cushion can
also improve dynamic response. A pressure relief valve is also included
in the basic configuration. Ié allows additional flow to vent from the
plenum whenever the pressure exceeds a preset level, and thus improves
stability by reducing fan stall.

The support force acting on the aircraft is made up of two components.
The first occurs due to the cushion pressure acting over the cushion area.
The second, which comes about only during ground contact, is given by the

22
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- Flow
From
Fan.
Bleed Flow
Adrcraft } Alrcraft
Body f Body
Plenum
H -[ \\XEad \\\\
! . a ) Volume Trunk
-~ \ Cushion
-
VPPN IIIINYNI // ////////

Fig. S. Basic ACTS Configuration
contact pressure acting over the trunk contact area. The support
force, in general, also gives rise to a moment, given by the pro-
duct of the force and its distance from the CG of the aircraft.

In plan, the cushion Las an oval shape, made up of a rec-
tangular section with semicircular ends. The lengths a and b are
the horizontal and vertical spacing between the points of attachment
of the trunk to the aircraft body. The initial (undeformed) trunk
shape 18 defined by the atove two parameters and the. perimeter £P
and height Hy @s shown. Sy 1s the (uniform) spacing between the
rows of peripherally distributed orifices. The number of the

orifices 1s selected independently by the number of orifice rows

Ny and the anumber of orifices per row N, The cushion volume consists

of two parts: an active (dynamically varying) region and a dead (static)

~
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region. The active volume depends on the trunk shape and ground pro-

file. The dead volume, which is a design variable, includes recesses
in the cushion cavity as shown.

The forces transferred to the aircraft act-through the cushion
and trunk. To help calculate these forces, the trunk and cushion are
divided into segments as shown in Fig. 6. Fach straight section of the
cushion and trunk is divided into M rectangular segments, while each
curved ;nd is divided into N pie-shaped segments. Thus, the total

number of segments is 2 (M + N). All cushion and trunk parameters

are calculated first for each segment and then summed to give their

total system values.
The dynamic analysis of the vehicle system is best derived with

the help of two orthogonal coordinate frames of reference: a coordi-

WG A T W ERTIT Y

nate frame fixed in space (inertial frame), and a coordinate frame
fixed to the vehicle (vehicle frame) with origin at the aircraft CG.
The reason for two frames can be appreciated by recognizing that:

(a) Newton's law for translation motion requires that the

PTG #7

-

CG acceleration be expressed relative to the inertial -

frame.

(b) The corresponding law for rotational motion, while valid
in both inertial and vehicle frames, is applied more con-
veniently in the vehicle frame, because rotational inertia
about any vehicle axis is constant, while the rotational
inertia about any inertial (fixed) axis varies with air-
craft position.

Accordingly, the two frames of reference have been defined as

ghown in Fig. 7. The vehicle frame with origin at the aircraft CG

24
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Typical Curved Typical
Segment ) . Straight
Segment

Ground Tangent Line
of Free Trunk

Fig. 6. Division of Trunk Into Segments
has roll, yaw and pitch.axes x, y and z, respectively, fixed to the
aircraft body as shown. The inertial frame has corresponding axes
X, Y and Z fixed in space. The two framescoincide only when the air-
craft has not undergone any rotation from equilibrium, .
In the analysis, the actual runway profile underneath the ACTS

1s approximated by segments that coincide in plan with those of the

‘trunk and are parallel to the cushion hard surface as ghown in Fig. 7.

With this model, all pressure forces act parallel to the vehicle yaw
axis 8o that the segment torque components about the aircraft CG can
be easily computed by multiplying the segment force by the fore-and-

aft and/or lateral separation between the segment and the CG.

25
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Fig. 7. Inertial and Vehicle Coordinate Frames
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The analytical model of the ACTS consists of a set of equations

which when solved determines the pressures, flows, forces, and motion

of the system for various aircraft and runway parameters. The overall
ACTS system is divided into two interrelatad syétems: the flow system
and the force system. These systems are shown in Fig. 8 and Fig. 9.

The flow system establishes the pressure-flow relationship for various
subsystems of the ACTS. The force system establishes the corresponding
force-m;tion relationships. The interdependence of the two systems comes
about because the trunk deflection obtained from the force system changes
the volumes and orifice areas that form part of the flow system. Simi-
larly, the cushion and trunk pressures found from the flow system give

rise to forces and moments that form inputs to the force system.

The Trunk Model

vhile test data now confirm that the shorter curved endAsegments (front

The major component of the ACTS model is the trunk model because
it determines the trunk shape parameters (volume, and orifice and con-
tact areas), contact pressure distribution and damping that form inputs
to the ACLS flow and force systems.

Trunk Shape. In past work, two analytical models have been developed
for the trunk shape: the Membrane Trunk Model (Ref. B) and the Frozen
Trurk Model (Ref. 6). The shortcoming of both these znalyses was that

they modeled the side and end segments of the trunk in the same way

and rear) behave very differently from the longer, straight side seg-
w.nts. FZg. 10 shows the trunk cross section measured at the center
of the side and end segments as the load on the cushion 1s increased.
The entire side segment tends to bow outward and avoid ground contact,

vhile the end segment remains virtually fixed, except for a flattening

27
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Fig. 8. ACTS Flow System
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T Alrcraft
Trunk ’ Heave, Pitch
Mean Contact Area Ground . & Roll Motion
Contact and Contact Force
Pressure Orientation and Moment
Total Ai;g;aft
ACLS Forces y
and Moments
Cushion Cushion Cushion Aerodynamic
Area &
Pressure Orientation Force and Force, Contact
Moment Friction Torque,
etc. :

Fig. 9. ACTS Force System
in the regior that actually touches the ground. This difference in
behavior occurs because the front segment is much smaller than the
side segment and is curved. When the cushion pressure increases due
to an increase in the load, the radially outward force causes the oval
trunk pLanform to become more circular, as shown in Fig. 11. This
causes a hoop tension force, T, to act around the trunk periphery.
In the side segments, this force acts substantially normal to the
slde excursion, S;s, 8o that its component resisting the ﬁotion is
negligible and the side segment can chus bow outwards relatively un-

restrained. In the end segments the situation is different, since

the curvature of the segment causes the hoop tension to have a much

higher component opposing the motion so that outward motion of the

trunk ends is much smaller.
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Fig. 10. Measured Trunk Profilte
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Fig. 11. Outward Excursion of Trunk’ Segments
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Since hoop tension haes very little effect on side trunk motion,
the side segments can be considered as simple, two-dimensional mem-
branes, as done in the Membrane Trunk Hodgl. On the other hand, the
fact that hoop tension restrains ("freezes') the trunk ends suggests
that these segments be modeled by the Frozen Trunk Model. Thus, the
iogical step in trunk model improvement 1is to combine the two exist-
1n§ models and form the Hybrid Trunk Model, in which the sides are
represented by the Membrane Model and the ends by the Frozen Model,

The Hybrid Trunk Model is essentiallf a limiting case analysis
of trunk deflection. In general, best results will be obtained at
the middle of the respective segments,.ife., at the center of the
side segments, where the trunk behaves very much like an ideal mem-
brane, and at the center of the end segments, where the trunk shape
18 truly fixed. In the transition region (at and near where the
segments meet), the trunk will exhibit properties of both the mem-

brane and frozen trunk approximations.

Contact Pressure. In addition to trunk and cushion shape, the

trunk model alsc determines the pressure distribution in the ground
contact zone. The analysis for pressure distribution is complicated
by the fact that two separate effects must be considered: direct
trunk-ground contact caused by the trunk pressure forcing the trunk
against the ground. and airflow through the trunk holes into the
interstices that remain in the contact zone.

When two bodies in contact are acted upon by a force, F, the
actual contact occurs at a number of discrete regions rather than
over the whole area, due to the inherent roughness of the contact-
ing surfaces as shown in Fig. 12. Because the number of contact
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Cushion Trunk Pressure, P

Pressure, Pc
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Fig. 12. Pressure Distribution in Trunk Contact Zone
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regions is large for a "smooth" surface, it was convenient to define an
aQerage contact pressure, Py, = F/A, acting as though the bodies were
touching ;niformly over the entire area, A. In fact, P,, equals the
trunk pressure, Py. For purposes of trunk outflow calculation, the

pressure profile in the non-contacting regions is approximated by a

-1inearly decreasing relationship as shown in Fig. 12. The driving

pressure for flow through any trunk hole is rhus g-ven by the differ-
ence between the trunk ﬁressure and the gap jre .5 't that location.
This pressure distribution model has been compared tu expcrimental
dat:. and has b}een quite accurate (within 10%) (Ref. 4).

Trunk Damping. In dynamic operation, the trunk is deformed cyclically

both in tension and flexure, and energy dissipation in the trunk material
gives rise to a damping force which opposes the strain :-te. Because
the present trunk analysis does not solve for strain (aud hence strain
rate), a damping model that links trunk material properties directly
to trunk damping forces cannot be developed. An alternate approach
in which the damping characteristics are modeled by dimensional'analysis
(similarity) based on test data thus appea}s more appropriate. In
keeping with the mecthod of approach outlined earlier, the trumk is
divided into segments (Fig. 13) and a series of dashpots, one for each
segment, is included in the model such that the segment damping force
is proportional to the vertical velocity of the grunk segment.

ﬁach dashpot models the energy dissipation characteristic of the
trunk segment. Although all parts of the trunk dissipate energy, the
major contributions will come from those parts that undergo high
stress reversals, since the strain rate is highest in these sections.

Observations of a trunk in dynamic operation suggest that the high
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stress reversal regions lie along the periphery of the trunk-ground
contact zone, because it is here that the rate of change of trunk
slope (and hence stress) is high and constantly changing with the
time as the contact area changes. As a first order approximation,
the damping model derived here assumes that all the energy dissipa-
tion in the trunk is concentrated along the trunk-ground contact
periphery so that the damping coefficient of each dashpot depends
on the perimeter of the ground contact zone. lThia means that when
a segment is not contacting the ground it has zero damping and when
it 1s contacting the ground it has a damping coefficient proportional
to the contact perimeter.

Model Synopsis

The Flow System

(a) The fan 1s characterized by a static pressure rise element for
forward and back flow in series with an inertance (duct) and a
capacitance (volume). |

(b) The trunk and cushion volume are found from the Hybrid Trunk Model,
which characterizes the side trunk segment as an ideal two-dimen-
slonal membrane and the end segment as a "frozen" trunk.

(¢) The orifice areas between the trunk and cushion, trunk and atmos-
phere and cushion and atmosphere are found from the trunk shape
as predicted by the Hybrid Trunk Model, along with the cushion
orientation and ground profile.

(d) The pressure within the cushion, trunk and plenum is considered to
be uniform.

(e) The pressure in the trunk/ground contact zone 1s found from the

triangular profile given by the Hybrid Trunk Model.
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(f) The flow through the plenum, trunk and cushion is governed by

the unsteady state flow continuity equation in which the air is

assumed to behave like a perfect gas and follow a polytropic.ex-

e s o ————— 1 a1 114 T S e 2.

pansion relationship.

% (g) The flow through all orifices 1s found from the incompressible
flow square-law orifice equation.

The Force System

(a) The mean ccntact‘presaure in the trunk/ground contact zone 1s
equal to the trunk pressure.

(b) The trunk contact area and location relative to the aircraft CG
18 found from the trunk shape predicted by the Hybrid Trunk Model.

(c) The cushion area and location relative to the aircraft CG is found
from the Hybrid Trunk Model. In width, the cushion extends between
the lowest (ground tangent) points of the side trunk segments. In
length, 1t extends between the ground tangent points of the end trunk
segments, or, 1f in ground contact, between the inner edges of the
contact zone. .

i | (d) The total forces and moments acting on the aircraft occur due to

the mean trunk contact pressure acting over the contact area, the

cushion pressure acting over the cushion area, aerodynamic drag N

[T PR

and trunk damping losses caused by aircraft heave motion, and ;'

trunk-ground friction,

ey,

E (e) The forces and moments are found by dividing the cushion (and trunk)

into segments, approximating the actual ground profile underneath

{
i
'
I

i the cushion by a similar set of segments parallel to the cﬁshion,

! computing the cushion and contact pressure forces and moments for

each segment, and then summing them to determine the total force

- e rn
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and moment about the aircraft CG.

(f) The neave motion of the aircraft is found by applying Newton's law

in the vertical direction to the aircraft CG.

(g) Angular accelerations in pitch and roll are obtained by applying
the theorem of moment of momentum about the aircraft pitch end roll

. axes.

(h) A coordinate transformation is carried out to express vehicle frame
velocities and accelerations in terms of Euler angles and their de-
rivatives.

(1) The moment of momentum equations, expressed in terms of Fuler angles
are integrated to give the angular position of tﬁe aircraft as a

function of time.
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Chapter IV

i Controller Design

During the low speed portion of the takeoff roll (to approxi-

mately 50 knots), the controls available are a yaw thruster on the

rear fuselage and vertical roll thrusters on each wing tip. The

roll thrusters can be directed up or down. During the takeoff

sequence, the most unstable mode of the aircraft is the roll mode.
Therefore, it was decided to control this mode and observe the

control that was applied to the pitch mode through the inertial ‘

cross-coupling. Also, during takeoff the yaw angle will be con-~
trolled by the yaw thruster on the rear of the fuselage. With ;
roll and yaw controlled, Eqn (4), which is rewritten here, can 7 ;

be simplified. i

Ian P -Lnp(k+Pa) +(Tpp -IygRA =L (106)

i Controlling roll and yaw means that R will be small and PQ and
RQ (products of am;11 numbers) will be small. Q can be consid-
ered small because the takeoff starts with zero initial conditions
on P, @, and R. With the above simplification and asaumfng
that any roll inputs from the ground profile are impulsive, then
the roll moment generated by the roll thrustevs can be written as

Ixx ¢ = anusre&s

= LuwFr (107)
8o $@) = CFr () (108)
|
wvhere C = .lm = 8'318)()0'1
Ixx ‘
{ ) -39
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L now let K= ¢ | (109)
XKoo= § | (110)
wey = Fr4) (111)

and
8o Eqn (108) can be rewritten as

/kl(t) =C LL(Q |

(112)

and /;(,(t) = X&) from Eqn (110) (113)

. A®)= I; ;l‘ %@ + [c] @ 116
A B

For a minimum time Performance Index and for ,u(t)lﬁ- u‘"‘% an
optimal control for this system can be shown to be a bang-bang
control (Ref. 14, pgs 245-248). 1In other words, the control is

a maximum (either positive or negative) whenever it is applied.

Since the eigenvalues for A are both zero, Theorems 5-4-1 and

5.4-3 of Kirk (Ref. 1l4) show that an optimal control. exists, is

t )

unique and has at most cne switching.

vy

Therefore, the control for a specified initial state must be 'f‘:
B s
+Um\~t.) t°£t<t*907‘ .
_ . ,
_%Mx’toé_t<t o OF y
: a p
W = o 4 Umak for €, SECE, AND ~loax Sor EST<E 0n 3
 Uray for tost<t, ArD +Unan fort, Sttt or )
" O for ﬁe'.«) =0 " :
| L .
E (115) s
§
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Integrating Eqns (112) and (113) with [/-‘I Z&M‘,xgiv.ee

N )= C Suerdf
t ClUmar € + CC, ©(116)

it

where Cz is the value of X at t" tc,

and B N O S 4. ® AL
‘ = SCClpurt +CC)LE

= -_CZ@ ¢ +CC t +C | ain
where C. is the value of /)(' at t’ to .

solving for t in (116)

t = x,&) —CC, (118)
t C Umax

substituting t into (117}

/x,ft) =t Clfar (y:&) ”QC.C‘.‘/X:@"’ C”CD (119)
2 Clpus + CC, (&) —CCy) +C
for [{ = <4 a , ' i C (/Lma/x,

) sl 4 ~Coe) S +Ca® _cC +C,

= | N8 +Cy azy
=l |
where | C3 = C, "Q\C&C:— ~ (121) .
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. for tl = - Ltlnmdux
} i 2 2 k)
@ =_—1_ MO +C, a0 -CC. -C,xO+CC, +C
; MO et RS TR ae e
{ = - | Ko (2) +Cg (122)
vhere C,=C, +CC; (123)
L Uman ‘
the switching curve is ]
8= -1 _a®|x®l
Q. C Upax
Let SX=nfO +_I 'X,_Qﬁ’/x-&-)‘ (125)
AC Ymax '

e —————— e an e L e L

80 . hasd M ’ QX>O
Umex 5 SX <O
LL.& == - (M ’ Sx:o.)/XL@-)>O

Umax o SX =04 xE)CC
O 4x&=0 " (126)

e

It can be noted that this controller design 1s almost completely
independent of the aircraft type. In the low speed range where aero-
dynamic controls are not effective, this design will help stabilize

the roll mode of any aircraft. The only relationship between the

aircraft and controller is that the thruster force is a function of

roll inertia and wing span. Thus, this design becomes very versatile
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and applicable to stabilize the roll mode of any ACLS aircraft.

A somewhat similar analysis will be made for the controller
of the yaw thruster. The criterion for directional control is to
keep the aircraft on the runway centreline during takeoff; this
can be accomplished by minimizing the lateral deviatiom, y, and
rate of deviation from the centreline, 9._ This deviation and
rate will be minimized by yawing the aircraft in a direction to
oppose the disturbance with the use of the yaw thruster.

Prior to the installation of the air cushion, the direction-
al stability of the Jindivik was controlled by a batsman at the
end of the runway. His job was to steer the dolly (Fig. 1) to
keep the aircraft on the centreline. The same batsman will visually
sense lateral deviation and deviation rate and control the yaw
acceleration to indirectly control the lateral deviation and rate.

Assuming that -the pitch and roll angles are kept small, then
the lateral acceleration (to correct a lateral displacement) in
the inertial frame of reference of the runway is a function of
the thrust and yaw angle, |

‘o THRUST sin ¥ |
T~ MASS (127)
and since Y will be small (<30°) to keep the aircraft on the run-

way centreline, then

o o THRUST

- ss
d = Ma )

Equation 128 can be implemented as shown in Fig. 14. With these

control loops the desired yaw angle to zero lateral displacement
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can be determined. Referring to Fig. 14

Ya ==K § —Ky am)
the inner loop open loop transfer function is
G = Kk
and the equivalent closed loop transfer function is
__GH
G, =T+an
= KKy (131)
S+ KK,

the outer loop open loop transfer function is therefore

G, K
G, = — 5
_KKiKa
S(s+KKy) . (132)

this gives a root locus as shown in Fig. 15. For a damping ratio

of 0.7 the closed loop roots are located at (—- AﬁKL’ —Kéﬁ)’ which

gives a closed loop transfer function of

652' - ’( }<I F<a¥,
Grige 1)

K K Ko, ,
S +KK, S +K;Vs". (133)

\

but

G H)a
] + CGH):\

9
»
il

KK Ka
S*+ KK, S + KK Ky (134)
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therefore equating denominator coefficients gives

KK,K,_-:E’%L«_I

or K, = KK
:.—{—’

= 39| K, o - (135)

o s o ot P L

N et i

Since K'is arbitrary, a value of 0.3 was selected’so

K, =03 (136)
wa Ko=2-73 ' ' (137) ’
so the desired yaw angle is

Yd = '0'39 -2:73 Y '(138) o

- ——_— .

The yaw angle is associated with the yaw thruster force by

Tap¥ = 70 = Fyr Lo

i ¥ =cs Fyr (139)
| :
where C5 = 273 Xlo-3 (140) &
in matrix form
vl -lo 1
- Ylos "I+ o] Brr |
g Y C o1y c (141)

This equation is the same as Eqn. 114 for the roll thruster, and

similarly a bang-bang control exists for which the switching function

~
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is

<xyT= v +_% | ¢l
2C Fyrmax

(142)

and the optimal control law is

—Fyraax » SXYT 20
FyrﬂAx N SXYT<0 .
FY; ="""‘Fy‘rr1hl( ) SXVYT =0, \:1>0
' Fyrrmax , sxYyT =04 ¥ <0

o sYy=o,¥=0 e

The implementation .of this control law would drive the yaw angle
and yaw rate to zero in the minimum time, but the directional
control problem requires that the yaw angle be equal to the de-
sired angle,""’o(. This can be accomplished by shifting the switcl -

ing curve by the amount ¥d .

SXYT = Y-Yd + \P, i’l (144)
2 C Fyrray

This ch;mge in the switching curve means that the yaw rate and
the quantity ( Y- ¥4 ) will be driven to zero in the minimum

time, or Y will equal YA

47 -

QP TR T v p e

FPASTINT | T S BV SN e N PR,

JPVRPY e

s

e aaitbe s aas

IRV TN NN



EEES  wer T aTmenstn = o e

AFIT/GE/EE/77D-43
! Chapter V
}

. ' The Computer Program and
: Simulation Results

General

T.= EASY Dynamic Analysis Program to Aircraft Modelling (Ref. 5)
formed the major portion of the computq; analysis and simulation and
the air cushion system was modelled by the Foster-Miller model, as
described in Chapter III. The computer program is listed in Appen-
dix B. 1In brief, the EASY program provided the means for an analysis
of the six degree of freedom rigid body dynamics of the Jindivik
drone and the Foster-Miller model estimated the ground forces and
moments transferred by the air cushion to the eirframe. Additional
PORTRAN was used to reflect the Jindivik autopilot and the designed
roll, pitch and yaw controllers in ;he EASY program. Simulations
were performed to obtain time historf comparisons of the uncontrolled
Qnd controlled aircraft models with a creosswind driving function and
an initial pitch angle to simulate flying off of a 2 inch step.

The Computer Program

Figures 16, 17, and 18 show the computer block diagrams of

R

the aircraft dynamics, the longitudinal autopilot. and the lateral
sutopilot, respectively. Understanding the symbology used in these 5%
figures would require considerable referral to Refererce 5, but a -%ﬁ
general description of the schematics will ﬁe given here,. ,'5
In Figure 16, SD performs the six degree of freedom rigid body 5%’
% dynamics, AV calculates the aerodynamic variables, LO calculates the X

longitudinal force anc moment sum, and LD calculates the lateral force

Lol o il

and moment sum. The terms FX3S2, FZ3s2, TY3S2, TY3S2, TX352, and TZ3S2,

shown feeding into LO and LD, are the sums of the engine and extermal
48
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-51.e. air cushion system and controller) forces and moments.

The longitudinal and lateral autopilot functions shown in Fig-
ures 17 and 18 we;e developed from the elevator and aileron transfer
functions given in Reference 3.. The maximum deflection of the con-
trol surfaces, the gearing ratios between control surfaces and ser-
vos, and the maximum'elewing rates for the servos were also programmed
into the model by FORTRAN.

Air Cushion Program

The air cushion system was programmed with ten subroutines to
the EASY program and the flow chart of the subroutines is shown in
Figure 19. The functions of the ten subroutines are as follows:

FM i{s the main subroutine which calls and interacts with the re-
maining subroutines; it also determines the appropriate fan curve

and contains the integration routine. HC, TK, SE, CO, PR, CL, S1,
and SP form a set of subroutines which need the aircraft position,
cushion and trunk pressures and ground profile as input parameters
and they calculate various areas and volumes associated with those
parameters. HC calculates the value of side trunk height for a given
cushion to trunk pressure ratio. Subroutine TK takes that height

and calculates trunk cross section parameters. From these parameters
SE updates the trunk division parameters. Subroutine CO tranaforms
poeition vectors for each trunk centre, from the vehicle frame %o the
ground frame, and then calculates the distance between each of the
trunk segments and the ground, and it also calculates the ground
coordinates above which each of the segments lie. Subroutine PR

determines ground elevations (input by user) corresponding to the
~
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Lo BASY

Set Initial Conditions

SE

DETERMINE STATIC
FAN CURVE FROM RPM

Initialize Geometry
HC '

SE
co
PR

Sl
SP

DYNAMIC
SIMULATION

Calculate (1) rate of change of
cushion volume due to geometry,
(2) rate of change of tushion
volume due to pressure changes,
(3) rate of changé of trunk volume

SE
Co
PR

81
SP

Runge-Kutta Integration
ST

END

Fig. 19. Air Cushion Subroutine Flow Chart
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ground coordinates generated by CO, and subroutiﬁe CL determines
the hard surface clearance for each segment using (a) the ground
elevation value and (b) the distance of the trunk segment from
the ground. Finally, subroutine SP calculates values of differ-
ent areas and volumes for each segment and adds them together

to give total areas and volumes.

In addition to these seven subroutines, FM also calls sub-
routine ST. ST determines the value of fan flow for a given
value of fan pressure rise and also calculates the forces and
torques for a given ACTS orientation. Subroutine ST also in-
corporatés all the system differential equations so that the
value of the state differentials can be updated each time it
i1s called by the Runge-Kutta integration routine. The forces
and torques calculated by ST are passed to ;he EASY program
via FPM.

Simulation Results

The results of the simulation to test the controller de-
signs of Chapter 1V are shown in Tables I and II. For initial
conditions of -1° in pitch, 0° in roll, and a constant 40 ft/sec
crosswind, the uncontrolled model induces a roll angle and pitch
angle that are lightly damped in comparison to the controlled
model. Also, the restoring yaw angle is less than the controlled
yaw angle and the lateral deviation, y, is subsequently greater
for the uncontrolled model. The 1.5 second simulation for the
uncontrolled model required 15,000 seconds of computation time
and consequently the simulation was not conﬁinued to the extent
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: Table I - Simulation Results Uncontrolled Model
f LATERAL .
TIME PITCH ROLL YAW ALTITUDE DEVIATION
0.0 -1.000 0.000 0.00 2.60 0.00
0.5 .305 .113 -.63 1.52 3.84
1.0 .451 474 -1.94 1.02 8.78
1.5 377 .142 -2.51 1.25 14.87
4.
Table 11 - Simulatioa Results Controlled Model ..
: LATERAL
: TIME PITCH ROLL YAW ALTITUDE DEVIATION
) 0.0 -1.000 0.000 0.0 2.60 0.00
, 0.5 ©,273 .150 -.74 1.71 3.83
! 1.0 .282 .072 -2.05 1.25 8.77
; 1.5 .063 .023 -3.82 2.32 14.68 -
: 2.0 .038 .005 -5.99 2.31 21.23
P 2.5 .045 . -8.52 ©  2.27 27.87
: 3.0 .052 ~11.37 2.23 34.12 3
{ 3.5 .048 -14.46 2.32 39.56 ;
i 4.0 -17.70 2.32 43.74 :
; 4.5 -21.10 2.32 46.22
: 5.0 -24.50 » 46.52
: 5.5 -27.80 44.15
b 6.0 -30.90 38.56
E 6.5 Y -33.40 29.21
: 7.0 -34.80 15.69
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Chapter VI
Conclusions and Recommendations

The National Aeronautics and Space Administration (NASA)
has accepted the Foster-Miller program as a valid air cushion
‘model; however, in the ;0urse of the analysis of this thesis,
several problems arose which prevent this program from be-
coming an effective design tool. The primary problem is the
exceasive computation time required for dynamic simulation
when it 1s incorporated with the EASY Dynamic Analysis Program.
The Fourth Order Runge-Kutta integration routine used in the
air cushion model requires a time increment of 0.001 seconds
for numerical stability. Since this integration routine is the
prime reason for the excessive computation time, it is rec-
omnended that the routine be changed or augmented to reduce
computation time. |

The air cushion model assumes that the trunk is an
elliptical shape rather than the actual shape, in which the
aft end is 10Z wider than the fore end. This discrepancy
impinges on trunk and cushion volumes and areas, pitching
and rolling moments, clearance and gap areas, etc. In other
words, it requires considerable evaluation and extensive
modification and verification of the program to change trunk
shapes. It is reccumended tl.at Foster-Miller Assoclates be
asked to modify their model to dccommodate different trunk

shapes as future designs may require. -
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The air cushion model has no provision to orient the trumk
orifices other .than perpendicular to the trunk surface. 1In
fact, the Jindivik trunk orifices are drilled inward at a 45°
angle to produce more cushion pressure in the region of trunk
contact. Some adjustment should be made to the model to allow
this orifice orientation as a design parameter. Also, the
model uses a single'curve to describe the fan characteristics
r€ outflow vs. drive pressure, but the actual characteristics

dependent on more variables; hence, a fan "map" 1is required
v replace the single curve and adequately describe thé fan »
during all phases of its operation.

A weak part of the computer simulation is the evaluation
of the Jindivik Stability Derivatives due to the fact that the
static wind tunnel data was extrapolated from the Recovery Trunk
Data and was suspect from the beginning of the analysis. Conse-
quently, it is recommended that wind tunnel tests be conduéted
in a moving belt tunne: ith the takeoff trunk and with measure-
ment of the rate variables p, q, and r. Barring this option,
the development of the derivatiQes should be reviewed and ammend-
ed with the use of more sophisticated data reduction techniques.
Once the computer program, shown in Appendig'B. is changed to
encompass the previous recommendations, it can be used to de--
fine the following parameters:

a) Operational limits and directions of crosswinds.

b) A "ground roughness' criteria above which the aircraft

becomes unstable. ‘ ~

57

T T T PR

TR



PO T e T

[N Ty TRV TR T TR TR RS T e s e e o oy e o s e s o 0

Rk et o o d SEL c- -

AFIT/GE/EE/77D-43
¢) A flap deflection schedule to provide minimum takeoff
distance within pitch stability. The present two flap
settings would provide a step input to pitch and hence
should be changed.
d) All of the above for different vertical thruster sizes
arnd locations.
This thesis has integrated the EASY Dynamic Analysis Program
and a truncated version of the Foster-Miller air cushion model
to simulate an air cushion vehicle during takeoff. During the
process of that integration and simulation, some major deficiencies
in the Foster-Miller model nave been highiighted. This thesis
has also developed and demonstrated a technique to control bang-
bang thrusters on the wing tips and a bang-bang thrust deflector
on the tail section. Complete verification of the controller de-
sign was not possible due to the large computer resources-that
would have been required, but the results do show the control
trends that are expected. The application of wing tip and yaw
thrusters to other air qushion aircraft should provide comparable
results. Also, these thrusters could be used on Vertical or Short
Takeoff and Landing (V/STOL) aircraft because these aircraft also
have marginal stability and require control enhancement in the

low speed range.
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Fig. A-2
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Appendix A
Graphs of Aerodynamic Coefficients

Lift Coefficient Versur Angle of Attack

Pitching Moment Coefficient Versus Angle of Attack
Drag Coefficient Versus Angle of Attack

Side Force Coefficient Versus Sideslip Angle

Side Force Coefficient Versus Sideslip Angle ~ For Angle
of Attack = 0.1 Deg

Roll Moment Coefficient Versus Sideslip Angle - For Angle
of Attack = 2.2 Deg

Roll Moment Coefficient Versus Sideslip Angle - For Angle
of Attack = 4.3 Deg

Roll Moment Coefficient Versus Sideslip Angle - For Angle
of Attack = b.4 Deg

Yaw Moment Coefficient Versus Sideslip Angle - For Angle
of Attack = 0.1 Deg

Yaw Moment Coefficient Versus Sideslip Angle - For Angle
of Attack = 2.2 Deg

Yaw Moment Coefficient Versus Sideslip Angle ~ For Angle
of Attack = 4.3 Deg

Yaw Moment Coefficient Versus Sideslip Angle -~ For Angle
of Attack = 6.4 Deg
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Appendix B

Computer Program Listing
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HOOEL OESCRIFTION JINIIVIX ACTS (CONTOCLLED)

ADD STATES=POLFMOTKFM,PCHFN I L e -
ADD PARANETZIRSEA T 4LoLSLX4¥SSy | 0+CCoFF GGy vCOAH, HYIoSHy
CXMPAT,GEC, TEM,_

. “Jov, CAF CFX',CGP,CPA,CIC, PHA,
. CFT.CPCLCOT,CYA,DPC,HOC _ __  _ ALT, _ AIF, _ _ —APC.APR,
APT
ADD PARAMETESS=UNAX UYTHAX . e o
ADQ VARIAALIS2LCILS ROM.R1 TK,02 TK, SKTEH, MDELS.8E SE,
OXSe oL 8+L2S LA LPLPS,LP,LOS,¥47, 02131,41 S1,42 S14SI S1,01 Si,
OXISL BEISI,L1IS1,L21S1,P1T1S1422IS1,SNIS1,PHEQQT,THEDOT, vVIKS2Z,
VCHS2,ACHS2,FY ST,T2 ST,TX ST ,MND3, HY FMeMOMO,PFNFH,
T QFNFR,QFXFF MOI OIS NP S, CSSFM.PATFM, VCSEM, RHOF ™, OVKFM, VPLFM,OVPFHN,
___ NP NR,OVCFM, ATAS2,A1CS2,ACNS2,AACS2,.ACCS2, NPS
NDELS oN3 N3IS,APTFH, QTCEN, OTAFM,ATKEH L ATKAT, Ar<cnc.ArxArc.ocnlt
sll TKyL2 TX,PHLTK, PH2TK
“LOCATION 65 AV, INPUTSESO
FORTRAN STATINMENTS
c ALL BNGL:S IN DZGREES
VS AV=100. 3TLA&P=1, €NS=20S AV FELE=ELELO $ALT=ALTSO_$9Z28E AV
RO=RO AV $30=P0 AV SVTsVT AV $00:Q0 AV SAL3AL AV
RAOTAN=, 01706532
VH AV=40,*20S{YAWSO*RADIAN)
. ___BRxaTteRADTAIN SAITAL®ADIAN
[ CALCULATION OF COEFFICIINTS
CLAFei, w1 3ZFIN=3, $PUDx]l, $C3s, $S:7b. BRMOZ23,77E~4 $9219,
STLIL=13, 3XTBILe10, §CLATR=3.05 $SFIN=7.,2 SXFIN=10, SCLADR=1,S
CLOR= (2, 4CLATI8STATLAXTIILY/(C2S)
CHMOR==2, (XTAIL*®2) *CLATRASTAIL/ ((C**2)*5)
o __CYPR=2,°CLATR®SFIN®YFIN/(S*I)
CYPP2=2,2STINOCLAFR®ZFIN/(5*8)
C___ . IKITIALIZE CONSTANTS
CLO0=.1Y $S.0%C=,362 €CLALD=2,0857 STL=,156 SCLALR=4,91
_GOEFFe,1=-,193%4LT S’LSILI-.lgl‘(1.-h.eb-—9‘VT"Z)/57.3
TIFIALT, 6T 21, 000EFF s,
_ 32  CL={CLDPCLALD AL+ HIEFFI*COSIBR)
COLes0T3eT L CLo®2¢1,E65-0®(ZLE+10,)°%2) .
_ CCALR32,*TU*CLALR®GL
T CMADR 3.2, *ILATOS (XTATLSe ) 3TATLOSLNPEZ L (C®*2)%S)
CNRRz=2,8CLAF*SF IN® (¥C]H®82) /(S*(3%22) ) =CC*RO%8B/ (8, *VT) -
CHPO=22, e CLAF292F THASFINSXFIN/ (S2B*®2) <CLALRSPO®(/ (8, *VT ) «CIALR/ B0
_CLPR2=CLALIZ12.
cuhz.-curq‘sr'u'xrrl'zFXN/(S'P"ZIORO'CL‘BI(O.‘VH
__CLOAR=34. 73CLALR*C/ 1S9 _ .
CLELI2(3, 03 -R"ILE®®2a2, Ea5oEL oi, 73k=3)"E7.3
e CHME(=1,LT7E-LSAL®* 42,09 304 071, 1E=-2AL+,057)°COS(BRY
. CHMEL23(=10,2 -4%CLC882. 5, 22:a502(€=1,2222)%57.3
IFI835(22),LT,60,) GO TO 210
CYAU=SIN(®)25,5E-2
_210 IF(A2S(NE1eLEa 0.} GO TO 200
CPOLL#=SIN(YI2)*, 2858
e __Cyz=SINI3ARI®3e1270
200 IF{AL.LT,1.1G0 T) 17¢
IF(CALLGZV1a)0aNN. (ALLLT. 3,)0G0 TO 180
JFI(ALGI. 1., AND, (ALLLT,5,2060 TO 130
IFLRL.GE4 540569 TO 195
c ANGLE CF ATTAZK IS LISS THAN 1,0
170_ CO=CC1#024752+6°A85480) 22302425726 2483(8E) 22226, 37€-424 B8S¢BE)I*COS
L(OR)
IFLANSIT2).62.69,) GO T3 2000
lrlnr.L1.~’.n ¢o0 10 30
IFINE,0E, 7.0 GO TO 4O
CYAH-°5.0‘ 6'“E"§01.26;~7')E"bo1.06;-5'8{"!41.96E 6%0E%*2-2,1E-
Xw*BE=7,03E-u \
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T
i
1
CVEal, 38E=393T90301 6870553208201,33E~20C42,56€=3 .
me .CROLLET-1,143€~3%85-2,355€=] .
GO TC 2000 "

_ 30 CYAUEZG,G2E-«*9EeL.S54E-8 -
: IF(ARS(3¢)1.GT,30,) GO TO 2000
CYote, 39E=340T00 Yo (4PTa5933002-1, JIF=2°BE+2,56E-3
CPOLLE-1,14dE=3%8F+2,355223 .
. _ GO TO 2000 .
80 T CYAWsWL, L2E-4*BE~, €025 :
.. _1F(ADRS(BE) 5T, 30,0 0 TO 2300 ]
. T CYEel Y05 -3%004341,662-5%33%02-1,33E-2%0EV2,56E-3
CROLL=-141435-3%0F-2,355¢-3
GO TO 2000
€. ANGLE OF ATTACK IS LESS THAN 3.0 i . o
160 CO2CC14(=5,16E=6%29S51031943¢43,03C-4*ABS{BT)®42=2,37€~L%ABS(BET) C
x0S(8%) o ’
IF(ARSI9E1 .62, 60,7 GO TO 2000
IF(BZ.LT,~%.) GO_T0 50
IF(924G2476) GO TO 60
CY&MZ=T, 095368251, 0T5=6%3E2%4+1,85€-5°0E2%3¢7,42E-5°BE%92-1,13E
x-s-s--x.su -3

- —

X3%8:48.16E-1
CPOLL*-1,5912~3%8{~1,265-3
G0 TO 2000 ]
. _Jiiw__cVAN=-.33-<'9€05.61:;;__ _ |
- IF(A2S(35).CT,3).) GO TO 2200
CY23,03727%3C20542,1LE~H282%%43 | -OJEOS‘EE"S-l.GLEOH'BL"Z 1.21E~
X3*BZe8. 1583
CROLL=-1,5715~1°8E-1,265=-3
60 10 2000
_ 60 CYAN®L,35-4%93-5,893-2
IF(AZS(32).5T,30,) 6O TO 2000
CYEd, G2Z-7 32085924 1uEob0RT 05o9 o8 IE-52BE2 031, 66E=029€22227024E
X3I*3Ee8,16€-3
CROLL2~1,5):523%8E=],265=3
GD TO 2000
€ ANGLE CF ATTACK IS LESS THAN S.3_ S —
190 CDeCD1+(=0,123-3%485(33)%73+2,55-4*AB51E BE)72-2,3LE-L AR5 (BENI*COS
X {BRY
1F(A9S(82),6E.60,) GO TO 2000
IF(8Z LT, e7.)_GC TO 70

xﬂas.c-n.n co fo' 80

NE~3686-1,837-3
_ CY32,933-6°124%3¢3,72€-7°R7%%4~2,835-L20E223-1,9E-5°0E°%%2 -4, 06E-3
X+8E+1,s 3652
CROLL==1,97PE=348F=1,5553-3
G0 TO 2000
PO CVAMIL,3E-.saTes 82803
15 (ABS (961,51, 39,1 GO 10 2040
Xe9€41, 3622
CPOLL2-1,9°75=3997-1,55623
6o T¢ 2000 |
80 CYAMIW,5E=e®3n5,08E43 _
IF(ARS(D2),NnT,30.) G0 1o 2020
L CV02,93I-6%):%8503,72E-7009%4-2, 8364030 31, QEBEOBELS2 <4, 06E~T
Xe@E+1, 36E6-2
CPOLL2-1,9775-3AC=1,55523
60 10 2000 g
€ ANGLE OF ATTICK IS AKRCATES THAN 5 o
19% CDICD].(Z.l55-5'lﬂs(ﬁ?)"lOl.éli’h‘AeS(QE)"2'1.?“5')“35|BE')’COS
] L X(eR; N .
. IF(ABS(321.56,60,) 63 TO 2000 z
~ 1FIOEL L1701 60 10 90
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IF(05.62.7.) GO TO 100
CYAMS1,28F-5*RESS3¢1,23E-503C002.8,21€-4"BE~-5,33C=4
CYQ] 76T-6°IT"%5+1 (91C=729:"04-1,8E-u"TE®3+02,72E-5 RE®Y2-5,826=3
CXSAEe1.04E~2
CROLLS=2, 302€=33C<1, 44533
. ___GO 10 2000 _  _
Q0 T CYAWR L, 242-L"0E¢, 004LS . .
_IFIA3S(3T),5T. 3040 GO O 2000
CYN1,763~€3I%%51 4918=7"93%%4-1,8E-4%3E"*3+2,TZE-5BC%42=6,82E=-3
T X*PEeq1,08E-2 | e -
CFOLL¥=2,302E=3°82-1,4452+3
— ___GC TO_2000
TH00 CYAWRW.24ESLSIE-b, 353
IF(ABS(AE),GT,30.) GO TO 2000

CYay, 7€2-6%92005-1 ,915-783:0%0 ] ,8C-u BES*342,72E-56E°%2-5,82€~7

CROLLs=2.302E-3%BE~1,4L4u52-3
2000 COWTINUE _ __ _ ___ -
c DERIVATION NF OIMINTIOMAL DzRIVATIVES (STABILIT v AX[SI .
 ZMDS==IND434C/ b, *CLADR
20Ss-0S/VTsC/2,4CLAR
L Z0ELSe-0S*3LILR
MHOS2CRISSoC*2¢CHA0R 4,
. MOS3CS/VTSTee29CH0NR/2,
NOZLSICSeCHIL2%10,
YORE9Se CY
NCR30S*3°CYAM
LO2eCSe°CI0LL
YRS=IHC®S® 3/4, SCYRR
YPSIRHO*S* /L, *CYPR
NPS30S/VT®3%82/74,*NARR
NPSECS/VT 209274, SCNPR .
LRPSISS/VT3se 20,0072, <
_LPSa3S/yTe3ee2e5 2/2,
LOELS=0Se e CLATL
_ X0Se0, $XWISs0. SMOILSsO. . :
c OERIVATION OF OIMENTIONAL O:ZRIVATIVES (800Y AXIS FROM STASILITY AXIS)
_ X0sCL*0S*SIN(AR)I-CD*0S*S0S(AR)
20%<CL*235%2035 (A1 =CO®0S*SIN(AR)
_moscwecsec
X&D= (¥UISHSDS (A 222-7UIS*SINTAR) SCISTARY I SCOS(BR)
ZAD3(2WIS250S (AT) #924 XIS STIN(AR) *COS(AR) ) *COS(BR)
MADs“WOS®CIS(ARI*COS(IR)
o YPaYFSe30S{ARI-YRS*SIt(AR) _
YReYOSECOS (1R} YOS5 SIN(LR]Y
__XDEweZ0ILS*SINIAR)*COS(IRY  _ _
TXCR(X0S*CC3(A2) =705 SINIAR) }9COS (BN
__20s(70S°CO3(4P}eXNSSSIN(AR) )2COS (BR)
T20232DI0S*395(AR1%395 (Y
LPe(LPSSCO3(ARI®*2-(LP3+NPSI®STM (ARI*COSCAR) +NISSSINIAR) **2)°COS(O_

XRY

: . LOAS(LDELS*COS(AR)=NOELS®SIN(AR) )SCOSIOR) e

H LRE(LRS®CO3(AQ)*4 2« (NRS=LPS)*SIN(AR)*COS(ARI=NPSO*SIN(AR}®*2)%COS(8

1 —_—XRY e .
NEs (NPSICOSTAR) #9 2= (NPS-LP5) #SIN(ARISCOSTARI<LRS*SIN(AR) 5921 -COS (D
XR) . N . N
NKS {NRS®*COSIARYI®*Z4 (LPS+*NPSI®SIN(AR)I*COStARD«LPS*SIN(AR)**2)2COS(8

' —. . . XR)

R 20 _CoONTINUT .
: X0 (Os¥x0 3YOILOXOZ 170 LO:=Z0 $720L03220 ®20 LO=70 $20€L0=20E
MO 0K $MADLOSMAD FHMN LO2MG $ICELO:=MDE $YR LDsYR $Y) LO=Y3
YP LIeYP LA LOLA BLP L2sL> 5L LO=L2 3L0ALGSLDA 3NB LO2NB
A NP LIsNP £4R LOTN® 3§05 avsN3G $.LtLOsSELE TALTSO:ALT AL AVsAL
! UE AVSNS 330 AV3FO $FC AvsP0 3V 2Avivl 00 AVIQ0 INSP132
,LORLD LI/ BYD2LOTYDR (HIOLDNOR

g 77
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.

LOCATION®2142,iN
FORTRAN STATEMINTS R
aou-sxu‘.ex‘to.«7‘ru fN=1,85E-2°TH rn"zo «23E-6OTH ENSOY-{ BYE-9®
ATH SHo s N —_—
10 CALL FPrIHY FYuPIHFY.PTICEH, OO CH, VIKS2,PFNFH, OFNFH,QFXFM, IPPF
.. 1R,CSSFNROY,  VISFY,RHOFM, IVKFM, VOLFH,OVPFM,  OVCFM,SKIFM
2 ALTSDLRO.SO,PITSIFHIIOT,THIOOT VCHE2,ACHS2,U  SDeM  SO4AL AV,P
X SD.C SO.3 SO,AM,MSS.04r, TEM,MYT, OP1,R1 TK,R2 TN, _
XTa, L2 TX,PHLIK, TX ST4FY ST T2 ST,YANSD,X2 IT 3,0PTFM,QTC
YFP OTHFM, ATKCH, ATKAT,ATKCHC ATKATC,QCHAT VSO PH2TR{L11S1,L 21511 -
XSHAOE Y
_Q.o..‘foo;fl‘u-.n‘luo QQLL CONY?OLLEQ 4888083030080 040020 \

SXeRILSDe (20 AVI*23S(PO AV) /(2. *UMAX*8,1¢E-3)

IFISX.GT.0.)TYCINI~UNEX®20D,

IF(SX LT, 0.)TXCION= UMAX®20,

IF(ISY. S0, 0.1, AND, (P0 AV, GT,0,)) TXCONZ=-UMAX®20,

IF(ISYeZCe ol AN {P0 AV, LT, 060 TYCON=UMLX®2], °

o JF(LA3S(RO.SD)I 00T 01 ANDL {22S(FO AVILEC,0,0)) YXCON*O,

Ce0883s8s2040000 (TR ERNSEREE N RN N9 .o EY)
CPevservssssr0ms . YAW CORTROLL:IK _:.no-l;:oo.»._
T T uvTaexate IN/23,

SIEC=2+0,30°Y) SJ-xZ 17 1 - . R

SVYK-&‘HS"-SIEQP’ S0%A9S (Y SO12183,1S70YTHAX

LIF(SYTX.GT, 0,1 T280%s-UYTHAXS10,

l'(Sva.L..o.v17ron- UYTHAXL0, -

o _EFLISYTX, 30040442, (F SCe3Te0 L ¥IT2LO0N=-UYTHAX®10,
IFIISYTRe 22000V aAtDa( SOWLT. T 1)1 T2CON=UYTMAX®10,
IFC(YLEuS0.I0. 31201 LAKY. (7 SN ZCe041)TZCONZO,

"CPUesRsenar DIT7H CONTRILLEQ #900000000000s00000errennsosiniteoncorsisds

CSYPIYCH=PI T304 (20 AV)I®AISIJD AV) /(2,°UMAX*6,52C0-3)

IF(SXFITCH.GT, 0,0 TYLONZ-UMAX®L2,

______ IF(SXPITCH,LT, 0.0 TYCONS UMaT®*12,
IFULSYPITCaZ04Ca ) ANC, QD AV.GY:0.))TYCCNR-UﬂAX'12.
IFCISHAPLITC 4022404 ) e ANDL (N0 3V,LT, Ce ) ITYCOKE UMAX®12,

IF((&SS(PITSO) 42040400, 30, (435100 AV).EC.0.0)) TYCON3T.
_;0...000000--.0.'cooootlo--uuu soosagagIsIDYS 9985000580003 08000

TX333TXCOY $TYISITaTYCON §T2353=TICON $F22ZS FY ST gTXx2S3sTX ST

TY283272 ST }
LOCATION®124,53,INPUTSsEN
LOCATIONI12480,14PUTS28VS$3,MC_L(X=ZILE)
LCCATIOMZuL LD, TIPUTSzAVLOS3JHE 2(X2ATL) . .
_LOCATION237,53,INPUTSZLA,LD
FOOTYRAN STATZMINTS

eLECE.2%% (2 SD-0. )0.:33'(PttSD-0.
. X1 TFsSLCC
LOCATTIONSL4,TF
_LOCATIOP®14LT7 2T 7,INPUTSETF
“LOCATIONS1E7,9% 1,INOUTS=TF T | 7.17 8
_FORTRAN STATEMCNTS .
IFi¥e MC 4.35,10.) Xi HC 1=10.
R IFEYL M2 1,LE.-15,) X& 4C 1s-15,
LOCATIOMSISS5,4IT 3eInPUTS2MC
_LOCATION:S,IT 3,INPUTS2SN(UN=X])
LOCZTION=39 IT 1.INPUTS3ISDIYO3X)
FOPTRAN STATINENTS o R
AILCE +19€°*(FP SO-0.,)e,%2°(0L53+0.)¢.2°R SO
21 TF 23A1.C
LOCATION=2LA,1F 2
LOCATIONS2L54IT D INPUTSETF 2
LOCATIONS266HS 2, 149uT152F 2,17 9.1710
FOFTPAN UTATEY-NTS .
IFEYl =C 24%5Ce 8. ) X MC 218,
1FIY. A 2.,0Ce8, )} YL MC 22-8,
LOUCLYION=2544111 ), INPUTSeHL 2
ENO OF MOCSEL
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FOARTRAN STATEMENTS

XeOCLSC (32 VL ITYSE(32 1, ,XCIS

TTXLXCHE 2032 3, XTKS2U32 ),
!Vﬂ(i!).vtllSl.V’(lS!
DETA O, RAIIAN73.141562653,0.01745327

e CTIPZv,0003 STIMNCsY,
c 412 FUSHION LANJING SYSTEM EROGUAM
 ASSe?77.3 Sdeq $Nsa F0XKEl.n SSAF.S ENSPE3Z SVCOS0, SCCaeta17____ .
GG 1.5 $FFaG, SPAT=221.,5.3 3LSEC, 125 80=,417 $A=,595 tE
o E2e52u8L3.17 SHYI=1,0 SHX®I THHz195 SAHEsJswf-6 $SH2,0333 $1.X30,840 . -

NASSEHSS $TCMOATSTEY
o _THMITASsYHE $OMIZaPMI $0°HI=OHCOOT_SOTHETAsTHEOQY
NSTO92NSE” SPPLNEPPL
GQ_OATA ACOUISITION _
VPLMs, 313 SVFAN=, 468
VPL3VOLNeVEAN
00 100 1=1,NSTOP
o __DELTA(INZ0.0
00 CONTINUE *
_RHOT1,281/ (650,00 T2MPAT)
HY=u4Y]
€ _MINIMUM TRUNK HIIGMT IS PARXING SLATIER HEIGHT

TEMWHY D,

SUAROUTINE FUIMY,OCU,PT(, P, VI, PFN,QFN,QF X, .
THO OV VAL L IVP IV, SKT yYS6, THI ,OH M (PHEDQT, THEDOT,VCHS2,4CHS2 W
WoeWohl oFoQsTsdmo ST, AT,
X2 T PHLITR,
XATAS2 47505248032,

REAL L.LS, “A3S,

TX STLFY ST,T2 ST,SIE4XCGC.OPTFM,QTCFN,QTAFM,ATCS2,
NNYAI LV P2TK, L11S1,02]C1,ISHAPED

LN LIIS 1, L TR L21S1,L2TK,NSS :
DININSTON YUI3),SY (19),27LT2132 ),SL&CO(22 D4 2CXSEL32 ), YAXSECS2 }
2632 ),23I55432 1,1SGSE(32 Y, VTISL(3I2 )
__Xe8C1S1032 P YGHCL (32 D,ACE32(32 1,ATIS2(32 ),PERS2(I2 1,ATRS2(32 )
2CHS2U32 .1,2TKE2(32 1,0Y ST(13),YG PRISZ 14

1PP,CSS,PPY,VCS,R

0P1,R1 TK,R2 TW,L1 VR,L

C623,5 $6CC=*,.1
THEDOTsP $3MIDOTeQ SSKTs-w

SCExz 1,17 $TEMaTO,

HYZAMAXL (MY, 73)
CALL TX(ISHTX,PH2TK,°2 TX,P1 TK,

HITK,LL TKo L2 TRy HY 838, L,LS)

ISHAPZsISHTK

JAFLISHA®E,. 23,00 GO TC 139

ICLFP=0

CALL SI(ITYSZ, 9% SE,OY SC.20XSE, XCXSE)QELSEYXCISE,ZCISELICLFN.R2 T

1K PH2TK, D21S1.LS M N.D, 15652

$1oP2IS1.SHISL,ON2TK,22 TK.OX SZo

CaLL S1(021S1,AL

X2 YK ITYSZI 1 D0A3I N1y VTI31,4ACISTIHLS)

FPLME37.025°34 1722%RF4e5,532-60FPHOY =2, 086E-1

PFANE2FLM

S1+42 31957 S1+CI S1,0XISLe9 IS1oL1IS14L2I514RYIS
EE SEJHY (R1 TK,PHITK,ITLFM,LL |

L0°RPH*S

€ INPUYT PRZISSURE AND JUTPUT FLOW

¢ a Ak e LW owa whcdaen W _Ema

IF((POM, GEal1937, ) AND, {2PH,LT,12075,))
IF((PPH,Giel12075.) 4N IRPH,LT.12213,0)
IF PPV, G328, ), ANC, (204,17, 22351400
IFU13PHLGT 12351146402, (RPH,LT,12649,))

CIFC(OOMGTa1248F.) JAND (2P, LT, 12627,))

JFUIROM.GE4126274 1 u ANCW (RO, LT 41276540

JIFL(OPM, GEL12765. ), AND, (P09,LT,12003.))

IFU(PPPIGEL12902, 14 ANHC (RO, LTe12061,))

IF (PPN GEa1 8061, )4 AND, (FY,LT,13179,))_

IFO(RPHGEa1387% )4 ANC, (RP4,LTL1321740)
TFIUOPM,GZa1Y3174 ) e AND, (3P4, LT, 12655,1)
IFU{ROHGE 1305540 o ANL4 (RO, LT413593,))
JF (OO GF 135931, ANDL (RFN.LT.17731,0)
1‘!(9°F.G€.!!731.).ANC.(P°1.L;.l 00042
IF{ RPM.GT414002.) GO TO_1

G0
60

60__

6o
co
[}

60

GO
Go
GO
GO
Go
GO
GO

T0 92

10, orr
TO 88
10_89 :
70 90
10 91

10 93
T0 9¢ -
10 9% .
1Q 96
10 97 -
10 96 ’
10 99 o
10 101 e

IFL QPF LT,11174,) 40 TR 2

IFEMCoM, GE 1117300 8ND, (5P, LT,11285.))
FFUARPM CTe 113834 AN (RPLTL11E2,0)
JF{L30oM, 50, 1102, ) alr, (7P, LT.11551,10)
IF(IRPM, GE 11661404 BHM, (RPY,LT,11797,))
1F((RPMeGZe117970 ) e BNDL (9P, LT411937,1)

79
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Go
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2 PRINT 3}
3  FORMAT(®OFF LOWIR SND OF FAN MaPR®)
GO t0 193
o~ PRINT 3 ) e -
s FORMAT(® QOFF UP2cR TND OF FAN MAF®)
-, ._GO TC 199 e
C-FAN CuRv: FOR 3TATIZ TTERATIGONS
82 QFANE§5,0€ ~e 3R3 ~>rnuot.3b=-3 _*PFANS®21,65E-95___ SPFAN__

- . - - -2

. Xee*3 $G) 10 110

.83 QFANs13,08 ~e 339 _ SOFANY3.B84E-3 _ *RFAN®®2.1,39E-5 SPFAN
xeey $G9 TO 110

s QFANZ11,33 _=elb4
Xee3 $GJ TO 110

SOFANs 1,7LE=3  SOFAN®*2-5,3£+5 SPRAN

_ &5

. 86

_ CFAN£10,82

xesey 366 10
QFANR9,7]
Xoey $G0 TO

129

110

- 07_7_____

110
=077

*PFANGY, 29E=3

SOFANCToLGE~b

SPFAN®®2-2,6E

SPFANS®2-4,562-6

SPFAN®22-2.45-6

eEAN :

3 *PEAN

SPEAN

87 __ QFAN29.97 :
X+e3 $§63 70 110
__ 88 _ QFAN=212.)9 =15 _ SPFANG1,832E=3 _ SPFAN®S2-3,06E-6 SPFAN
Xe*3 $G3 10 110 - i
89 _ CFANs1£,38 _  ~,333 _POFAN+2,87E=3  OPFAN®92-7,79E-6  *PFAN
xssy 362 Tn 110
_90 _ QFANT15,03 _ _ =,211 SIFAN¢14TuE-3
xee3y $G) TO 110
__91___GFAN312.73 *e13
Xes3 3G3 10 110
__92 _ _QFaN=13,78
Xes3 $G7 10 110
93 QFAN=13,7h ~ell2
xeoy $G) T0 110
__94 __QFANZ12,05 -~ 086 SCFAN®E.928-4
Xeoy $63 70 110
__ 95 _ GFAN=12,%7 __  _=e10%b
xes3 367 10 110
96 _ _OFANz11,59 ___=-,062
$G) 10 110

Xee3
__ 97 OFANe12.6 -, 029
‘Xew3 267 19 110
__98__ OFAN=18,29 -, 208,
xeey 569 10 110
__ 99 __ OFANS19.03__  =.2
TTXee3 167 f0 110
_101_ QFaNs32,07 _ =.632  _ ®3FANe2,98Es3__ PFANSS2-3,63E-6
Xee3

o SOFANSE,95E=

SPFAN®82-L,6TE-D *PFAN

_-arAnoz.ozs-J _SPFAN®#2+2,783-6

*PFAN

*PFAN®#23,01E~6  SPFAN.

®IFAN#+1,05€~3 *PFANP®2-2.65=6 SPFAN

W __*PFAN®%2-1,55-6 spPFAN

*PFANSEL9YE-b__ SPFAN®*2-1,63E6

SPFAN

s3FANY 3, 78E SPFAN®®229,235-7 _ SPFAN

*OFANSL.?IE-b  SPFAN®"2-1,095-6_ SPFAN

o *PFANe1,29€-3_ *PFAN®*2:2.61E-6  ‘PFAN

23FaNe1,29E-3  OOFANS82-2,535-8  SPFAN

SPFAN

K- _CHANGIO O FPOM_M8SS FLOW TO_VOLUME FLOW
110 QFANZOFAN/(RHO®3I2,2)
QFINI'QFEN
TOFXIFANX
____QFHN=QFAN
PFN=PFAN
e PPLuPPLN . e i
CONVERT DE4XEES TO RADIANS :
THETSI-THITAZ=RADJAN
PHIZSPHIE* I3D1AN -
.. OTHITAzATHITA*RAOIAN o ‘
OPHIcDPHI®AOTAN $SIExSII0A0IAN :

s——

. o 1CLN=D . e !
Y ICN=ICLY -
€ ____ORTAIN INITIAL VALUS_ OF_OCC4® AND_INITIALIZE GEOMETRY ¢
; TTPCHS3 (2CHA(PTR-PCHI® 0,11 /721K . ;
: . CS8rPCHSS . i S H
CALL HCIZ HL,C5S)
HYTHYIS? HC
C MINIPUM TRUNK HEIGHT IS PiCING ALATTER WEIGHT .
MY IAMAYY (MY, 7A) 1

80 |
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CALL TX(ISHTK,PHZTK,R2 T, Rl TKyPHITK,LL TKyL2 TKyHY A EeLsLS) b,
o ._ 1SHAPZIaISHIX . e e L ’
i T 3F(ISHAPE,L 20,0160 TO 199
i o 1CLFHs . . . . . oo
CELL SSUITYSE.BZ ST.0Y ST422XSE4XCYSELOELSELXCISE,2CISS,ICLFN,R2 T
_AKGPH2TK,021S1.LSsM M0, 15635) e
CALL CCUSLECO,XCISE 42CXST , YOG X2GoSTEGPHE « THE 4GCoFFy GG
o ____CALL PEIYG PR)_ . o
CALL CLIYGHCL,ICN,2HE,THZ,3L4C0,YG PR)
_ RHOFH=R4O o L
. CALL S1(D21S1,A1 S1.82 51,51 S1.0I $1,NPXIS1,BEISI,LIIS1,L2IST,R1IS
133R2IS1,SNIST, PH2TRK P> T DX SI LT SEWnY Pl TR PHITRyICLFM,LL XL
X2 TRKeITYSEeDedeS sNeMaVITS1,2CISILLS) .
CALL SPIVTICS2,VEHS2  ACHS2 ,PH2TR 62 TK,021S148Z SEeA1 S1,82 S1.,DX_S
1L,S2 Si, ITYSI JYOHCLWHY o031 31.0X1S14821S1.XCISE,2CISE,L2 T
o 2K LTSI L2151, RIS RIS, DSOSV SENIST, XCYSELOy LS AHyNX NN HYT,LX,S 0
3H4WED Pt T<,4GOS2,ATAS2,47552,4CHS2, ACS2,ACCS2+15GSE.VITS1,ACISY,
XACRS2,ATIS2,ATRS2,PERE2,XCHM52,XTKE2,2CHS2,2TKS2,L,L1 TK) .
VCHSS=VCHS2
. VCS=VErSS_ P
CALL HCIZ ~HZ, (PCH/PTK)}
— .. WY=HYI®Z NT e .
€ WINIMUM TRUNK AZIGHT 1§ PARKING ILATTER HEIGHT )
WY=AMAXYL(HY,,78)
i CALL TKUISHTC,PHRTX, 82 'Kth TKePHLITK LY TK,L2 !K.NV.AcE.L.LS)
k _ ISHABES=ISHIK. _
IF(ISHARPZ, 32,0060 10 199
) o CBLL STCITYSI,9Z S2,0X ST ZCYSEeXCXSEDELSEXCISE,LZCISE,ICLFH,R2 T .
1K, PHZTX,D22S1,LS. M HyD,ISGSI) "
CALL CO(SULCO,XCYST,2CX8T,¥C6,X26.SIF,PHETHE,LCC,FF,GG) .
CALL PRIYG °R) - ’
: Y GALL CLEYGHZL,ICN.PHE THE LSLLCO,YG PP) o .
CALL S1(J23I51,A1 5182 51,31 S1,f21 51,0XxI51,8E151,L1151,L2151,R115
o 11 R2IS1,SHIS1,PH2TC P2 T, 00 ST,B5 SELMY.C1_TC,FPHITK,ICLEH, L1 TK,L
X2 TKoITYSE I, A48 yHeHoViI51,3CI51,LS]
. CALL SP{VTCSZ.VCHS2,8CH4S2,2H21K.F2 TK,D21S1,BE SE.A1 S1,42_S1,0X S
1 1€.8! Si, TTYSE ,YAMSU, MY €T S1.0X1S1,PZIS1.XCIST,2CIsE,L2 T {
' 2K L1IS1.L21S1,REZ 51.22'91.9 LSZethI51 e XCXSE Dy LS AN NS NH,HYT,LX,S -
! IHGVCCsRL T<,ARP32,ATAC2,ATL32,ATME 2,052, ACCS2415GSEVTISY, ACISt.
. XLCOS2,ATIS2,1TRS2,05%°2, xc»«sz XTKS2, 2CHS242TKS2 ol L L TX)
; OVCHMP s (VCH32-VCHSS) 7/ ( (OCH/PTKI=PCHSS) ) k:
! e DVP=OVCHP ) ]
! CeO8 3o, YNAMIC SI1u‘_ayxo~..‘u‘-io-n'0‘-000o-loo»..oo..o...vo
Lo INUMEQ .
- OVIK=20,0
OVKrOVTK
. UVCHESKTSACHS?
: OVC=0VCH . e o
! CALL STIFY ST,TZ ST,TY ST,0Y. 5T,J5P FPL,VPL,VIKSZ,CFX,0VKPTK,0VC,
’ LYCG \OVP ,PCH,VEHG2 o SKT 4242 4 OHLD0T (T4, THICOT ,CKKPET GGy MY 1, 5EC,HSS
) 2, RPM, ) U, S1f.0H0,A0PS2,ACHS2,ATAS2,ATCS2,ACNS
¥ _ J2.AACS2,AC352,CAF,CPX 0GP, ACFS2, ATIS2.ATRS2,PERS2,XCHS2,2CHS 2, _
H IXTKE2,2TKS 2,ACIS 14 YGHCL,APTFH, or(‘rn.curn.ocﬂui
- _c_.o-.-nucnl_cu'_‘r Q_VC“,_Q!;" VTS S_IV\-1EVP oYK [ E R A A RS R R kA ad .
f 1F CINUMIZ041,200 - ,
. _ 1 . VCHS=VCHMS2 BVTXS=vVYXSZ .
. 200 CALL TR(ISHTK,PH2TK,R2 TK,R1 TK.FHITK,LL TH,LZ TK,HY A,E4L,LS)
: . 1SHAPCsISHIX e . e
t ICLfr=y -
[i CALL SELITYST,AC SE€,0% ST,722¥SE XCXSE,0TLSE,MCISE 2G5S, ICLFNR2 T s
: lK."n?lx.DZISl.LSvH.N.L.!SGS )
£ CALL COUSL L0 YSUST  7CUSE Y20, XCCsSIF,PHESTHE CCoFF(GGY__ _ I
ko CALL PO(YG 23)
£ _ CALL CLIYGHTL TSN PHF (THE ,SL&CO,YC PR) e
l’ ! FHUF Y24
" Tuu,:uousn.u C1,82 S1431 $1+CF S1,00153,8£0851,L1151,L2158,R11S
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119R2IS1eSNISLPHR2T P2 TX,90 SELBT SELHY R1 TXPHITK ICLFM, LY TK,L
K2 TKGITYSC 7,8 430N M VTISL,ACIS1LLS) e 4
CALL SPIVTKS2,VIHS2  ACHT24242TK,F2 Tk, 0215149 SE.&1 S1,82 $1,0X S :
16 4ST S1, TTYSIJYOHAOL MY o071 $1,0X1C1,8€151.XCISE,2CISE.L2 T__
2KHL1TS I L2184 R1ISL,221IS ¢OZLSE s INTSL XCXESE 4O, LS AH NX N HIL,LYX,S
o IN.VCD, Q1 TKAGPS2,ATLN2,ATC2,404.92,28C052,80C52,15655,VITIS1,ACYSY,
T XACRS2,ATICI,AVRS2(PRREZ, xCHaz.xrxsz.7CHSZ.ZTKSZ.L.L1 Tx)
_ CVC=(VCHS2-VCHS)/,01 p
c.'..l“ DVC“Q C‘LC'JLAYION l.‘l‘l....l..00..0.!....‘. !
. _—_ VCHSSESVLMS?Y SORATE (OCHe(PTX=FCHI®* 1) /FTK
- . CALL HCUHX,9RAaT} -
- _NVIH'{NV]
“C T MIN;MUM YRUNK MZIGHT IS PARKING ILATTER HEIGHT
HYSAMAXE (HY, 78}
CALL TK(ISHTK(PH2TK,&2 T{,R1 TK,PHITK,(1 TK.LZ TRy HY A Er LoLS)
ISHAPERISHTC e ¢
: IF(ISHAPE.29,0) GO TO 199
b CALL SECITYSZ 83 ST4CX SI+20XSZyXCXSE,O5LSELXCISE,ZCISE,JCLFM,R2 T
1K, PH2TK,02IS1oL3s My NeD,y ISGSI)
e —~. CALL CC(SLCONIXSE 1 2CXEE YOG XCGLSTE,PHE, THE,CC,FF,GE)
CALL PRIYG PR)
___CALL CLIYGHCL W ICNZPHE THZ,S5L4CO,.YG PR) |
RHOFNsIHO
CALL S1(02ISt.AL, sx.nz S1.,51_S1.CI_ s;.oxr* 9BZIS8,L11S2,L2IS1,RYIS
11482151 SNISL P42TX 452 TKOX ST TE SE,NY 1 TR PHITK,ICLEM,L1 TX,yL
_ X2 TKGITYSTeD.8,T,HMVTI31,3CIS1,LS)
CBLL SF(VTCS2,VIHS2,2CH452.242TK, P2 TK,02151,8: $&.41 S1,82 S{,0X §
* o _4EeST Sl ITYSELYAHIL,HY 01 S1,0X1S1,2I1S1.XCI52,24155,L2 Y
2K eL11S14L2IS1eR1IST1oR2IG1+IZLSIeENIS10XCXSE oD LS I AH NXNH HY T LXsS
JHeVCDeRL T< A5P324ATAC243T2324ATHS24L5CE2,ACCS24ISGSEWVTIT14ACISE,
l.cﬁsz.lr.sz.Arﬂ.?.ﬂ P2, XCHSZ2oXTrSZ,2CHS2412TKS20L,yL1 TK)
OVP2(VIHMSS-VCIHS2) 7 ((FCHIPTXI=POATY .
PRATEAAX1{0,0,4HIH1(1,0, (PCH/PTKYTY
_Co%8%00s0 SALZULATS 2655080 0082008080
CALL HC(MX,PRAT)
e _MWYsNYeHYD _ R
€ MINIMUM TRUNK STIGHT IS PARKING BLATTER KEIGHY
e e L MYBAMAXL(MYS,TY) —
CELL TRXLISHT OHZTC,RZ TKoR1 TKyFHITKoLL TKeLZ TKoHY ,ReEsLoLST
. ISHAPZ=ISHTK _ .
IFCISHASE 22,00 6O TO 139 :
CELL SI(ITYSI,9Z SZ,0X SZ.22XSS,¥CXSE,05LSe,XCI5E,2CICE,ICLFM,R2 T
1Kvp“27‘03?[31'L)o"QN'.'ISGS ) .
—CALL COUSL4CI»XOXSTH20XSZ Y05, X0C o STE1PHE 1 THE 1 CC o FF 4 6G)
CALL PR(YG PR)

] e e CELL CLUYGUCL, TN, PHE S THIH5L400,Y6 PR) .
; RAMOE HIRHO . d
CALL S1(D21S1,481 S1,A2 €4,SI ©:,f7 54,9%¥1€1,95151,L415¢,L2154,R11S 1 &
11.R2IS1,SNIS1 OH2TK R TK1DK SZv 2 SEvHY €1 TKePHITKy ISLFP, LT TKyL 3
X2 TReITYSE 420 A0 ToN M,V TS1,5CI81,LS) | _ o ;3

CRLL SP(VTKS2,VIH524aCH32,2H2TK F2 TKeD215S1435 SE+AL S1,A2 S1.,0X S ]

. 1&sST1 %, CLTYSTLYCHCL MY (T S1,001S1,931S1,XCISZ,7CISE2 T__ _ i

2K L1IS1,L21S1 . RIISTPIISE 43 L T HIS1eXCUSE 4D LS AN NELHHGHYT (LX,S .
IN,VCDRL TH,AGOT2,3TAS? ATSS2,A0NS2,L4052,8C0CS2,ISGSE, VIS, ACESY, i
KACRS2,ATIS2,4TRS?,P57C2 (XCHSZ,XTKG2, ZCHS 2, ZTKS 24l L8 TK) ]

CVKz(VIKS2-VTKS)/ 0t - ) o o ) .

Ceosesaseees FOUITH OIDER PUNGS-XUTTA INTCGRATION ROUTINE rocssssivsescscass 7 &

_ VIL)sPPL  BY(2)aPCH $Y(DyeaIX _ !

1IMEs0, T !

_ 50 wWsDTIME/Z, <. !

00 10 I=1,% i

i SY(Iav(]) e :

YoUlisCY STUD) . .
10 YU(IYsY(IDaueOY 5TCT) L o il -

TIMCSTIN: ¢M H

LVOLEEPPL 3YU2)2PEH $7(3)2PTK :

: ' i
[

82 ) o
i K

. E]

: i
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CALL STUFY ST,T2 ST,TY ST,3Y ST,IFP PPL,VPL,VIXS2,0FX, 0V PTK,OVC,
AYCG,OVF , PCHVEHS2 4 ST (PRI ZOHENDT , THE ,THTIONT ,CXX PAT .G HY T GEC MSS

24 RPM, u. S1' W IHO0,AGPS2,A0MS2,8TAS2  ATCS2,ACNS
. 32,AACS2.ACC32.CAF,CFX,ChP, ACFS2.ATISI  ATRS2)PERS2,XCHS2,2ZCHS 2,
IXTKS2 4 2TKS2,ACIS1 \YGHCL 4 Q2TEM QTCFM,CTAFM,QCHAT)
.00 20 I31,4
Y1(I)=0Y ST(I} ] .

20,  Y(I):SY(I)eneDY STLI)Y i _
VUL zOEL  3Y(2)3PCH SY(3)2PTK
_ _CALL STUFY SToT2 ST,Tx 3T.3Y ST,IPP PP, UPL,VIKS2,0F X, 0VK.PTK,OVC,_
LYCG.OVF,PCH, VCNS?.SKY PHE yPHEIOT ¢ THE ,THECOT ,CxXKPAT GG MY T, GEC , NSS
2y RPw, R L L STE,OHC.AGPS2,ACHS2.ATAS2 (ATCS24ACNS

32,88CS52. ACSST.CAF JCFR, 5P, ACES2,RTIS2.ATRS2,PERS2,CHS2,2CNHS2,
3XTKS2+21K52,ACT€1, YAHCL (QPTEM,QTCFH, OTAFH,QCHAT )

€O 30 T=1,.4

. Y2AI)=dY ST

30 V(Ii:SV(I)o)fIH-‘DV ST([)
—_Xt1r=z0pP 3v(2)2PCH SY(3) 300K _
CALL STUFY ST.T7 ST,Tx ST,av §7,766,PRL, VAL, VIS 2 0FX: OV PTR,OVE,
AYCGLEVP LM VEH32, SKT (PAZ  OHID0T , THE THEICOT,CKRyPAT GGy HY T, GEC  HSS__

2. RPN, U, Sit.]HO,AGPS2,ACHS2,ATAS2,ATCS2,AGNS
. .32,M8CS2,AC2S2,CAF,CFY,C5P, A:FSZ.LIISZ.ATRSZ.PERSZ.NCNSA,ZQHQg,
IXIKS2+2TKS24ACTISL s YOHHCL,QPTFM,QTCFM™, CTAFM,QCHAT)
TINI=TINE e™ i —_
HaN/3, .

_00 &0 I31,%
TPET1x2,0% (YL LTV eY2(1D)
_ PRI2eYI(I}DY STAI)
V(!ltSV(Il'*‘PQTlOﬂ‘PQTZ
_«9_ CONTINUT _
FRLEYLY) 30THaY(2) SCT3Y (%)
CALL STCFY ST,TZ ST.TX 3T,)Y ST.IPP.PPL,VPL,VIKS2,0FX,0VK.PTK,0VC,
1YCG s OVF s PCHMyVEMS2Z ¢ SKY (OHE PHECOT , THI s THEOCT yCKK 4PAT GG, MY I, CEC,HSS
2, ’PH, _ e _Me o SI[.3H0,%6PS2,AZHMS2,ATES2,4TCS2,ACNS
12,A2CS2,AC32,CaF (2FY ,C5P, ACFSZ,ATIS2,ATRS2,PERS2,XCHS2, ZCHS 2,
SXTKS2+2TKS52,2CTS1 ¢ YGHCL , 3PTSH.OTCFY, CTAFH,QCHAT)
IF((FPLeSY (111 .LTal.) GO TO 60
_YIrarrmcair. fine) 52 1o 50
60 CONTINUE
INUME]L e
CeosesenscalCULATE CVIH,IVCHP, IVTK
IFEINUMI201.11,201

v

— - ——

AS CVC,OVP,OVK  6sssssssssnsssssvses

"T11  VCHSEsVEHS2 3VTKS3VTKS?

_201 _ CALL TRIISHTX,PH2TX,R2 TW,] TK,FHITK,L1 TKyL2 TK.HY.A,{,L‘LS)
1SHAPESISHTK
ICLFM=q I
CALL SIUITYSI,BZ SC.0X S2,2CXSC XCXSE,OFELSE,XCISFEICISEZICLFMIRZ T

3K PH2TH, 02131, LSeM N, D, TS652)

CALL CCUSLCOWXSXSE 4 2CXSE (Y36 X2GeS3EsPHE yIHECCoFF GG
CALL PRIYG O,

CALL CLIYGHSL, I2%M.PHE ,THE SLLCD, YG PRI
RHOSM=&HO o B,
CALL S11021S1,A1 S1.42 S1,S1 sx.nt S1+0XISE+82I91,L2IS1+L2151,11S

11 R2IS1SNI31,PH2TK,P? TK,OX SE,0C SELHY.P1 T, PHITK,ICLFH,LL TK,L

X2 TR T1YSE,D, A ZoNM, vrt,:.:c1°1.LSi
CALL SEIVTKS2,VIHS2,ACH32.OK2TK,F2 TX,02151,85 SE,A1L S1.A2 S1,0X S

1£4+ST S1. TTYSE,YGHIL (HY WLI S1eCXIS14DIIS1,XCISE,ICISE4i2 T

2K L1IS L 2Tt RITS 1A RPIST (DILIESNIST, YOXSE sDLSIAH NY NHIHYTI LXeS

IMGVEORL T AGPS2, 4 AT ATCS T AZNS2 1 LkACS2,ACCS2,1S6SE,VTISE,ACISY,

Xa(PS2,ATIS24aTRG2.PIPE2 NCNSE,,XTKSZ,ICHSZ,7TKE2,L4LL _TXK)

UVC=tVCHS 2-VaHSIZ, 01 -

Coetesar Oy rP CALCULITION S9sssssdsasaassrsssrneseoe

VCHS3eVIREG 2 SORAT L (PCHe(PTK=PCHI®, 1) /PTK ’

CALL HC(HX,PAT)

MY HX*HY ]

CALL TX(ISHTX,PHOITK,R? 74,31 TR, FHITK.LL TKyL2Z TKHY A¢SoLsLS)

83
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ISHAPE=ISHTK
IFLISHARE,. 30.0) GO TO 133

CALL S$SICITYSI¢8Z SC.OX S, 75X3c) XCXSE 0ELSEWXCISEVZCISSVICLFMRY T

1K PH2TK 02151, LS My N DL 1S6ST) .
CALL COCSL4COyXCXSE 4ZCUSE 426 XCCoSIESPHE s THELCCFF,GG)
_CALL PLYG 29)

TcaLL CL(VG“’L'ICN0°NL'7“Q|aL‘COlVG PR)
RNOFPEQHO

CALL S2(02IS1sA1 S1:82 S$1,SI 31,C1 S1,0X151,B31S3 LL1ISL.L2ISLRITS
11,R2TIS1.SNISL.PH2TK 62 TK,OX SC,FZ SEHY,R1 TK,PHITK,ICLFM,LY TKyL

X2 IRy ITYSEeDsA T enyHevVTIS14aACISEL LS
CALL SP(VIKS2,VIHE2,AMHS?  PH2TK, F2 TKe02IS1.82 SEgAl S1,842 S$1.0X S

1E+S1 Si. TTYSELYAHTL 4 o1 §149%1$1,9:181,XC1SZ,2C18E,L2 ¢

IH,VCD.RY TX,AG6P32,47852, 1CSZ.A:N52.AACSZ.LCCSZ'ZSGSE'VYISX'AClSlv
NACRSZ ATIS?,ATRS2.PIRCZ )y NCHIZ4XTIS2,2CHSE,2TKS24L 91 _TK)
DVP=(VFHSS-VCH4S2)/{(ECH/DTQ)=-3RAT)
PRATEAMAXL1(0,0,LMINTI(L2,0, (PCH/PTX)))

2K AL ITS oL 2TS e RITSL 927538 OIS o TNIS1WYIXSE JDyLSeAHNXyNH HYT LXyS |

c.itl.ol CALCULATE OVTIK ssssssssssssssasnssssssienns

CALL MC{MX,PRAT)

HYsHXSHY]

T ISHAPZIISNHIX
IF(ISNAPZ,30,0)_GO_ Y0 199

CALL SECITYSZ VI SZ.0Y ST 2CXSE,XCNSE,DELSE e XCISEs2ZCISZICLFMIRZ T
ARG FH2TK C2ISL L3 M NP 126530 i

CALL CO(SL4S0,XTXSI ZCXSE (Y25 X5G4STESPHE L THE (CC4FF GG

_CALL PUYG OR)

CALL CLIYGHCLICN,PHEZ ,THI (SLECO,YG PR) -
RMDFV!RHO

CALL S1(D2TS1+81 S1eA2 S1.51 S1+01 S1.0XIS1,8:1S14L1IS1,L21I514R11S

_11,R2IS1,SHISL,0427K, 82 T¢,3¢ SI,BZ SE,HY,P1_ TK,PHLITK,ICLEM,L1 TK,L

. WACRSZ . ATIS?,2T52.7ERSZ,XCMS2,XTKS2,2CHS2,2TKS2yLeL1_TK)

199

TCOIVISION OF TH:I TRUNK INTA SIGMINTS

A2 TG ITYSE 4Dad 2N, ¥VTIS1,3CTSL LS
CALL SFIVTC32,VIHS2,L0452,PH2TL,F2 TK,021S1.BZ SE.A1 S1.,42 S1,0X_S
12+SI S1, TIYSZ oYGHIL oMY T 1007151480151+ XCI52,2C1ISEWL2 T

2K L1281, L2TS14RITST,,P2151, 27 LS HIST,XCASE I¢LSs2HINX I NHHYT,LX,S

IHVCD.RL T<, 84032, ATASY AT032,8CHE2,£A0S2,ACC52,156GSE,VTITST,ACTIS,

DOVKe (VIKS2-vTXS5)/,01 N
__VIKsVIXKS2_ _

CONT INUE
CCNVERT 2A2IANS TO OE5GREES

THETAZ:THITAZ/RAITIAN
PHIZ 22wl /72014

‘DYHIT4=0TH TA/RAOTAN
OPHIZ=CPHIS/RAO(AN

SI€=SYE/RADTAN
RL TURN RINT

Xy02TaLSeH N D ISINY

TCUSRCUTING SETTTYP.ATTA,3F LT, 76X 5 FEX-DECTH, XCHT S ICHT» TCALL s R2, PHIZ

PEAL LS L . e e e
DIMINSION 20X(32)4XCY(32),ITYP(32),0FLTAL32)+ISEGIIZIXCHI(32),42CH

_ X3y e
UATA PI73, 1415926537

CIF FIPST CALL.SOMPUTE PARTIAL TIFMS AND NUNBER SEGMENTS

30
c atr

NSTO2=32

IF(ICALL) 20,30,20

KLSH=N,80¢S
A 1S nURVED STOMSNT ARG ANGLZE

BITA=ZPL/2,/77L0AT(NT

C DELX IS STRPAIGHT SEAMINT LENGTN

DLLXsLS/FLIAT(2®Y)
ACTAZ=1 JVINYOSININITL/2.)/73ETA

€ NUMALFING OF SI4MINTS ACCORDINSG 10 THEIR POSITION IN THE TRUNX

00 11 Is1.NSTOP
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IFEILLENITISIGET) =y

TFCLeGTaN M TolEa e M ISEG(T) 22 '
JFEToGTaNe 1 AND T LT uNe 20 ISTCI])aY

IF AT oNe 204 ANDL Tl 2 (INOMIDISEGUT) 20
IFCEI00T42.%NGMILAND  TolIe Va®Ne2%H) ISEG(])SS
TFUTa Gl IO N2 N T L Ia Y (e 1)) 1I326(T) 8

SFET.GT 3% INeMDENDL T, JoNee* 1) ISEGATINRY
IFETaGTe3 MW" MedND T2, Lo (NOH) ) TSEGII)=8

11 CONTINUZ
EVALUATING PRO?IRTISIS 0 SEGMENTS

1TYPe1 FCR CURVED SIGMINT,2) FOQ STIAIGHY STOCNENT

_XCX AND 2CXx ART X AND_Z CO0DINATTS FESe, OF TwE SESHENT CENTER

XCHT AND 2CHI 43T X AND 7 CI0RIINATIY RISF, OF TH: CUSHION

LY )

DELTA IS SIGMENT CINTER BNGLE ILATIVE TO CG
.20 CONTINUE

PRESSURE CENTEY FOR A& SZGMINT.A4EN IT IS OUT OF _GROUND_CUONTACT

0220,590+C28STN(PHI2)
00 10 I=1,4512P ) : .

KGOaISEG ()
GO TO (142430445464 748) ¢ KGO

€ CURVED SEGHINT
€ IF NOT INITIAL CALL SKIP_CALCULATIONS

1 IF(ICALL) 3,100,3 )
-100 ITviilyel
OELTALDI 2 (5UDAT(I-10+0,51%3:T4 ;

COSZEL=COS(ITLTALTY)

XCX(I)== (R 54+02]%COSQZL)
2CX(II=D2TI*SIN(2ELTA(I))

XCHI(I)e= (AW SHI2I*AITAZ*COSOSLY
_ICHI(I)a2CXII)*IETA2

“60 TO 9
€. STRAIGHT SEGMENT

2 ITYP(I)sg
_ XCX{T)==RL3He(FLOAT (1-1-N)+0,SI®CELX

Cx (11202
XCHI(I)2XCUIT)

ZCHI(IN=ZCX(11%0,5
GO T0 9

— —

€ STRAIGHMT SEGHSNT
3 1TYP(T)=0

XCX (1) = (FLIAT(I-N=4=1140,51 *DELX
ZCx (11202

XCHIC(TI=XCX(T)
_ICHMIC1)sZCX(])%0,5

GO T0 9
€ CURVELL SEGPENT

€ IF MOT INITIAL CaLL sKIP CALCULA7ION<
& IFLICALLY 34400.9

800 OSLTAIIN = LAAT(LI=N=2%M-110,5)*PTA
SENIZLESIN(ISLYAITY)

XCXUI)zRLS46D2I¢SINDER ~
ICX (1120215305 (IZLTA(I)

XCHI(I)sPL3HeD2TSAZ TA2SSINIZL .
lCN!(!)=4C((I)‘SE‘AZ —_

G0 T0 9
€ CURVEPR SIGPINT

€ 1If NOT INITIAL CaALL $KIP CALCULATIONS
s IFCICALLY  ),500,9

$00 1VvP(l)eg
OELTB(I e (TLOAT (]~ ?'N-”F-l)'o 51 2BETA

COSDELsCOSEITLTA(I)
FCHLII=QALSHeI?I*COSNTL

ZCX (T 12=D2[*SINIOTLTALIY)
ACHILTI2RL34eN2T4COSOEL®ACTA2
ICHICII=2C 0TI N:TA2
.60 10 s

85
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C STRAIGHT SEGHENTY

6 ITYP(TI)e0
XCX(T) 2L EM= (FLOAT (T=30Na2*M=1}00,5) *0ELYX
Cntly==)2
XCHICT)sXCXLY)
_2CHI(TIR2CA(11%0,.5

" 60 10 9
C STRAIGHT LEGMENT. e e N
7 1TYP(X,s0
. XCX(Ihee (FLOAT{I~3°N-3%H=1)¢0,5)*0LX __
. . ICX{I)e=02

XCHI(TI=XCX(])
ZCHICII=2CX(I1%0.5

. _ . 60 TO0 9 - .

€ CURVEC SEGMINT )

.C IF NOT INITIAL CALL SKI® CALCULATIONS. N
' 1F(ICALL)  9,800,9

_R00_ ITYP(Iyal__ - .

OSLTAUI P (FL0AT(T<S*N-L*M=1140.5)*BC 1A
. SINTELsSIN(OILTACINY
XCX(Ide=(F_SHsD2I*SINOEL)
2CX(I3=~021°C0S 0L TAIT) ),
XCHT ()&= (ILSHeOZT* SINDIL®ITTRZY
ZCHICI)I=2CXIT)*IETA2

] CCONTINUE
10 __ CONTINUE _ -
RETUAN
END

SUBRCUTINE ,‘(ISHAD‘OP"L 'RZ!R‘.Full.Lx'LZQ"YQAQBQLQLS’
C_TRUNK GICMETRY 7TALCULATIONS H
RCAL LoL1,L24LS .
_RTOL=.1 e . .
IF(HY

T.0.7 760 T6 111
cn‘l'unl.ac clllObltCU_A_O_I—I:_D.OL._I:ll.l‘lll..l.ll:_.‘..C.ll‘-.l.ll.l.‘l...l‘l‘l
“C ITERATICN FIR 22

_C_COMPUIE INNIR WDIUS UF_CURVATURE

R22SORTLA®140.2: ¢ HY®HY)

c__ L e
€C ITERATION LOOP FOR L2.,6U,21,32
. _.C0 102 I=1,50 e
PHIZZARS (LIS (AMEXT (=1, D, AMINL (L, 0.((RZ-NV)IRZ)l)l)
. SInemM2=SIN(PwWI2Y__ _
TCTEOMPUTE CUTER 2ADIUS OF CUPVATURE
CRIZ((ASR2OZIUPHZ)I S0 24 (AsHY ) 221712, 2(BeHY))
PHI1=ARS(AZOS(AMAXLU{-1,0,A9IN1(1,0,((R1- MY-B)/Rl)lll)
NS A-R2OSINPHZ -
IF (XS.LS.2,0) PHI1:6,2831952-PuIY
. LZ=zL-PUIteey e _
C R2S 1C TSULTANT RADIUS FO3 £ONSUTED LZLIN ITERATION
IF(3RS(PHEI?) LT 1.02-2) PHL251.0E-2
P25= 2/72H]2
.C TEST IF TOLEIANCI ohT, IRPOR  _ _ .
1F (A4S (R2=I2S14LEZaPTOLY GI 10 50
—— o R2215243251%0,53
102 CONTINUZ
c000lo-cu-o-u---cl‘l000.nu.‘-o'o'-o-nou.o...lo.o..oblOOO..OQ.'OOOOO.COOlD.OO
C ITERATZOD 50 TI4ZS WITHOUT SUCCISS,ERROR RETURN
_ 111 CONTINUT
WRITZ (6490111}
9011 FOIMAT(19Y,* INFEASANLE TRUNK GEOMETRY *//}
ISHAPESD
KETUSN
C YRUNK 0%,R€TURN
50 List-L2
JCHAPEsY
'REIURN

86
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ENOD

SUBROUTINE S1(D2T4A1,22,S2,023249P],OXAMAB! (BTTA02T.L1T,L2T,R11,R2!
Ny SIMFHRE . PHI2,R2DLYVIITAKY (PLPHILLICALLILLSL2oITYPDeA2ZoNiM,Y

XIKIBCHI L3)
C INITIAL ASSISSMINT OF ADIAS,VOLUMES ASSUMING
€ NO GRCUND CONTAST

e imm —————

REAL L1.L2.L12,L2T.LS8
OTMINSION LTY2(320,ATKIC(I20VTRT (320 ACHT(32) _

NSTOR232 $9:=E
€ COMPUTE GSOMITRY TERMS

s ———— e ———

SINPH22SINIOHTI2)
__SINPHRSSIN3u2eR2 -

D2=0/2.+SINPKR
Lo2=07LX*D2

BCD2:3IETA®IZ*D20, S
Xa3s (A-SINOHD) /(3 +MY=-O1)

C COMPUTS A3EAS IF TRUNY SECTORS
CALEPHI2/2,1%32%%2

A2 (R2-HY) 72, 0°SINPHR
C AIEPHIL/2.0%R1°%42

ALsx*3/72,0
_ AEm (A=STHFH=Y} /2, 0% (HY=21)

X1nSINEHR=4, 0° (STHIPHTZ/2, 911 °%25R27 (3, 0%PHIZ)
X2u0,665674STHPHR

= XIS INOHP <L Q* (SIN(PHIL/2,911%°2%21/ (3, 0°PHI1)
XLsa-0,333333%¢

XS2SINPHRe 0, 333333% (4=SINPHR-X}
$22,0%L3+€,2331302

LAALeA3sR3-22-A0
AYER10X1e82%2¢A3*X 3l XLeACXS

IFCISALL.GT, 00 50 TO 29
_C_SAVE TRUKK GS01ITeY TIRY4S FO2_IND_TRIUNK CALSULATIONS

Rilzag T T
_R2Iv82

PHIST2PHTY
— _PHI21sPHI2

L1r=Lt
w2r=t2 _

Allany
_A21=A2

SINPHZI=SINPHZ

X1I=x1
Xer=x2 _

AlMa2T=A1-42
02I=D2_ _

SIsS
_BETAG2Is3ITASD2

X12six)%a1-¥2°82)Y /7011221
DYAMLALT (D 0,12 *AIMAZI®TETA

L202mA1=02°0240.5%95T4
002130ELX*)2 . .

B0021=0ETA*02°92°0,5
20  CONTINUZ _ _

TC CoMoUuTE TRUNK 3I5MZIY AREE,VOLUME,CUSHION ARtA
00 103 1x1,NST0° . -

IFCITYP(1),52. 1060 To 112 T
€ STRAIGHT PART )F TRUNK

131 ATXI(1)=A8
VIKTCIIaDCLXPATKI (D)

TACKICI=30?
60 10 102 L

€ CURVLD PART OF 3RUNK e
%12 1F(ICALL.GT.0) GO TO 102
ATKItI)zAA

L XEsAX/ATXI(]) '

87
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AFIT/GE/EE/77D=43

VIKT(TI20ETAS(D/2,+XEVSATRI(D)
. ACHTI(IN=B0I2 __ | i i e— -
102 CONTINUZ *
103 CONTINUI e .
RETUPN SEND
N SU9QQUTINE “SIZ.X) R
C SUBROUTINZ TO SALCULATE POSITIINS OF : R
C SJIDZ TAPUNK LQB1S .
*C THE POSITION (SXPRI3ZSEN AY 4Y) CZPINDS ON PRESSURES
C loE. HY/HYI=F(ISH/PTK) o
€ FORC: INPYUT PRISSURI RATIO Al wifN 0,0 AND 1.0
) AHO=21,003 3&412-,86% CAM27,328 $AH3I=-,463
CONSAMINIA14D4AMAX2 1040,
22AN0eAH 1P X4 AH2AX O X 2AKIOX P XS
IF(Z2.LT0041223001

e IF 246Te1,00 231,0_ __ ¢
RETUSN
END .

SUBIO0UTINE CLIYSH, ICLNPHIZ, THITZE,SLL,YG)

DIMINSION 3L+132 1,YGU32 ),YGH(32 )

NSTOF=32

€ CALCULATION OF TRUNKX GROUND CLZIIRANZE FOR EACH SEGMENTY

ICLNS=ICLN

o COSHCS=tOS(PHMITI®COS(THITET)

€ CALCULATI SILMINT GAd

00 161 Is1,N5T0° e

YOM(1)3SLLtTI=-Y5(1)2COSCOS

G IF NSGATIVE SET GAP TO 79RO _
YGHM(T)=aNAX1(YGM(T) 0,0}
FFIVYEH(T)I JLZ4049) TCLMZICUNSY

161 CONTINUS

e ICLH32ICLNS B
RETURN

_ END e . s

SUBROUTING COUSLA ¢XCX,7SX,YE6oXCG4STEPHIE JTHETAE,CCFF4GG) 4
_C_THIS SU2SOUTINI CALCULATTS X AM]_Z CCORDINATES OF _THE_GROUND .
C POINT CORIESPONOCING TQ E€LCH SEGNENT, FOR A PBPTICULAR ACLS
C ORIZNTAYION oo

DIMENSION 3LLT32 3. YCYX(32 1,2CX(32 1,XG(32 1.,26¢32 )

NSTOP=22 : *

TETEALL EMATRIX FIR $PACIAL TRANSFORMATION
_C_BMATRIX_ TRANSFIIS &_VICIOI_FPON VIHICLE FREAME TG INERTIAL FRAME
¢ - —

C_ .. ... i e -
€ CALCULATZ TRAN3ICINDINTALS
e CSIZ=CCS(SITY
CPHLE=COS IPHIE) E
_CTHITACSCCS(THSTAED
. SSIS=SINC(SIT)

SEMIE=SINIAHITY

STHETAEZSTH(THETAED

¢
C COMPUTE TRANSLATION MATRIX TUIMINTS
_.B11=CSISAC MICe+STHITAESSPHIISSIE
B12sSPHIZ S ITHET AT

L B13:eSSITeIMTEeSTHITEISSPHIESCSIE
B212-SPHIESCSICoSSIZ CPMICSSTHETAE “
 B22:CPMIC*STHITAL -
B23sSONI *331E4CSIS rFHIZ*STHETAE
831:SSIeCTHITAT
632e-STHCTAZ : . .
A33:ACITPCTHETAS . ‘

€ DO LCOP OF ALL SEGMINTS TO GROUND POSITION
0D 104 Is=l,NSTOP
XCXCC={XCX{I)=C2)

58 ’ .
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ICXEF2 (ZCX L) -FF)
.c , e eee = A emmn e e
€ CALCULATE VICTIZ OA FO2 SEGHINT *
SLL(I‘:(YC}OICICC°31207leFfB!Z)/BZZ-SG
SLLEG2LSLL TN *GGH

€ - O
€ CALCULATZ X-GEIUND £20ROINATE . .
XG(I)aCXC30911-SLA%G6oA21 ¢ 25XFFen3lenCe -

c . ;
_C CALCULATZ 2=GRIUND 2I00ITHATE . 3
261 eXCACTOILISLLGGIIZISICXFFeBIT :
306 CONTINUZ -
RETUAN .
END

SUSBRQUTINE PR(YG)
C USER SPIZIFIZD 50U1) PROFILE. .
C ELEVLTICN YG(I) IS ZXPRISSED A4S A FUNCTION OF X AND 2 COORDtNATRES ,
_C OF GROUND FOINT T,1.E, XGII) ANOD_2641)
DIMINSION Y5 (32 )
NSTOP232 -
00 1065 I=1.,N5T0P
_C SEY FCO FLAT TZIWNAIN
YG(11=0.

105 _CONTINUZ_ .
RE TURN . .
ENd . . . o o s
SUBRCUTINT SOUVIK,VIH,BCH,PH]T2,32,02]+85TA,AL1,A2,0ELXSI,ITVYP,YGH,

CXHY 020245 JXAM49 [, 857 T2 XCHT, 7CHT W L2 L1T4L21.F15,P2TL,0CLTA,SING .
CNHOT e XCKeO LSy AH N oMM MY T oL Ly SHy VEHD R1, AGAP JATKAT (BTKCH, ATKCN,ATK
XaTCoATKCHC 13564 VTXE o ACHT RIN2 ATKCAT) ATKCNR (PSR XEHIXTX W 2CH, 2TK,
XLl 1)
€ CALCULATION OF_ ARSAS _AND VCLUMZS ASSOCIATED WITHM ACLSyKNOWING ITS
C ORIEWTATION
o _REAL L2.LS.LYX.LITLL2T.LGLE .
DIMINSION ATK©9(32 ) ,VIKA(32 ), VIKRO(32 1, PERTI (32 ¥ ,XCHI32 1,2Chn{
X32 D JATKONI(32 1, ATKCHII2 D JATKETI(32 1,ATKAT2(32 1, VENT (32 ),AGA

XPI(32 ),AGaPULI2 TR VL, 2TK32 1 ATKRP (32 Ye£CHI(32),XCHI(32 1, ~
. XZCHMIAIZ 1YSHE32 D, TEEG( 220, VIKIC 32).XCY(32),ITYP(32),DILTA(I2), b

YACHRIII2) , VIHR(I2) 4 VIKFI32),4TKCHRE32) 4ATKCHI(32) R
— . NSTOPe32 - __$PI%3, 141592653

ATOTaLs, 6 K i .
_C COMPUTZ PARTIAL TIRMS k.

SINP»2sS1H(OHI2) -
 SINPHRzSINIHZPR2 :
0220°0,5¢S INPHR

o ___L21sCsD21%72]
] AMA2 AL~ 42

o BETA221,33VIVSSINCITTA/2,)/3ETA .
. RLSHSLS® 0, 30
b AOSEAN®IILY/ST

ABDSIzAMeRITA®I2I/ST
kHUNSLCAT (NI*NN}

L ctlcooooocl0-0000..--.--.-.---.-;ouo-o-o.on.ooonou..uou.-oc-.oooto????.o
C PART | 1 VALUE NT VIH AND AGAP S
L c...‘...utl..l...‘uluttl.ll‘lll“.b.lllI.-l P40 00884DE06000500000000800
{ . D0 17 Is]14NSTNP i T ae- -
€ TEST FOR TRUNK STGMINT, WHITHER CUKVED OR STRAIGHT

1FI1TYP(1),EQ.1160 TO 11

[
€ STRAIGMY PART JF_TPy4w

[+ .
. € CALCULATZ CUSHION SIGHMTINT INITIAL VOLUME
! 1) VCHICIIZ (Y i) eN2=-41MA2) 203K :
. € CALCULATE SIGRM'NT GIP A2E4 L . :
t AGAPT [TV 2 (YGMUT) =HY) “DELX [
. 6O 10 10 .
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et e m et w A G sEm. e e cme e ime e e - a . ————— —

c
C CURVED ®aRT OF TRUNK
c

11 VEHI(IIaYGuIIIeN202401-NYAYAB]T
ACAPT(INe (YGHITIonYTI®3ETAI2]

e e -t = ——

€ PART 2 R VALUL CALCULATIONS .
c‘ I..O.b..btbl.l..ll.OO..OO'OIDODOQO0...00'.."0.’.0..’.4.-.l.'.."....,_.‘l’_._.._.'.

C TEST FOR GROUND CONTACT AT CACH SICMENT
10  CONTINUZ
€_FORCE VOLUWE AQTAS LGE.D
VCHI (1) sAMIXL (0.0, VERTTTT)
. ACAPI(I)EANAYI{O0,9,ACGAPT(T))
‘C TEST SEGMINT FJR CONTACT
CIFCITYPUINLED 1. AND L YGHITILLESHYIT GO TO 1
IFCITYP (31,50, 0.ANO, YCHII)LEL.HY) GO TO 23
e . e e ——
€ MO GROUND CONTACY
G _SET CONTACT AND_REMOVE_TERMS _TO ZERO
ATKR(3180,0
ACHAR(1190,) — . —_——
VIKR(I)®0,0
NCHR(]1%0,9
AGAOH(I)=0,)
oo ATKCNI(IDI® 0,0
, ATKCKO(I)1 87,0~
[ _ ATKCHR(T) =3, 0 - .
T ATKATR(1)e), 0
PERI(ININ0,9_
“C SET O15TANCES Y,? 1O PREL TRUNK VALUTS
XCHIT)aXCHTIT)
ICHITIEICHI(T) }
2T IV 2CMIDY _
XYK(I)sACH{T)
£ _comdure 1*u~x-*usutou-nvnog_uglxﬂgiglg APLAS
IFLITIYPII)) 16416.18
16 CONTINUZ .
“C NO CONYACT STRaiLSnT SECTIONS
_ ATHCRTI(TISILOAT(IZIN(IL2=LX)/3He 1,00} 0NH) *A0S
ATKATI(I) S INNCADS=ATKCHT(]) .
i . .60 1C 17
18 CONTINUE
.C .NO_CONTACT CURVCD SECTINNS
ATKCFI(I) e 0AT(IFIXI(L2T-LNI7Se 4, 02 *NH} 2ABOST
_ATKATTII)I s NN 43D = ATKCHIS D)
60 Y0 17

c....ll—.l..l‘...‘... COP I BOSOBDEENC0P00RL830000000033800T700008000000008300000

-~ ————y

L ool

-—

[
.C_TRUNK GROUND CINTACT
c

€ CURVED PART OF r3unx
€ CALCULATE OZFOIMAYION AMGLES FOR SEGMINT
_3h _ FHIISACOSH(RITI=INYTIYCHIIIVI/RLY)
PHILSACOS (1011~ (HYTavOHITINI/RLT)
e SINPWIsSIN(GPMINY e -—
SIHPULsSIN(UHT LY
€ COMPUT: PARTILL TERHS
OPSPe (02121 SINPHIE)
LRSP2SDRGPOIRSP
COSDELnLSIELT (TN}
. . SINCELSSTN(ITLTALINY
) OFORSHEN: TAZENISPP SINDEL ~
j u'DRCS-"EYt?'OOS"CnSOQL
| ‘€ COMPUIE PIMOVAL S0CINPS
__AO-hrl'dzl‘Duli'a.!

WY W TE W | SRR YW S R D R g

90

e L LT VRPN PR -
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ATO(RDL=mT7I2YCH(T)) "0,5°R2TISSINPHY
AGWAYsAb-A" .
AROR TPR I*UMTGe 0,8
A9s (R11-MYL*YGH(III®0,8°RITSSINPHG
AL0v49
aA118A3
"¢ comeyuTe SICTOR C1niRo103
. R X6aSINPHRT-4, 3313334 (SIN(PHTI® 0, 11042)¢021/PNID
XTsSIHPHRI S0, 333133%R2I*SINPHS
| . I-SInﬁnﬂlol.J!?S‘J’G(Stn(ﬂwxu'o.,D"zvonaxlvuxg
xo-sxunuaxoo.sss:x:x-sxt-sxuau~
X10s%9
X11018 .
PI12eP1%0, ) . -
19 (omIL, LY, PT12) GO 1D 30 O
€ 37 PHIG GREATZI THAY 9Q DEGREES, SEL_JO 90 OEGRELY .
PHIWsPIIR
C SINPHLSSIN(OMT &) _ .
AL00(RIJ=HYZIOYGHIIIISALT . .
X10sSINPHRT 00, SoRYT
AL1eR11°Q31*PuTLe0,S
s oo, NIAOSINPHAGL, FISIL (SIHIPHILL0.81222) RIL/PHIA
$0 CONTINUVE
' B _GAMPUTD TALNG 1XZA TMANGE
{ ATKR(I)1sABIAT e840 .
|
]

P P

ATLBE(1)0L49AT o0 -4A1D

x(q-(Agﬂxe-A"!'oAﬁ're-Ao'xa)lArxl(X)

XERAs (ABOXJ=AP* (T A11 X 1-240°X10)/ATKRACTY _ _ _  _ _

“EICONPUTE TRUNK vOLUYI CHANGE ]

. e __ NYXPA(IIeBITRe () SevIR)SATKR(])

. VIKRE (I ATKRA(II*BLTAS (0N 8o XLRS)

. e YTKR(I)E2,eVINRA(T)eVIXRA(])
ACPu(ASOXb-AT2XT7)/ABNAY

. C COMPUTL TOUNK IXIT ARTAS

AYKZRI (S oo OATITPINILZT-UT-RZTVPHINI/SHe T, 01oHN} *4B0ST 3

AYKATT (L) o?) OAT (RO XN (KA ob ol Yol QAT (NXg) o SH-R1JOPHILI/SHe1,0) ONH 1

"g10an0s]
e e ATKCHR (T aPLOATIIFIY ({L21~LY)/SHe1,CIONH)SACOSTI-ATKCHE (L) 5
. ATKATR(L) o TNYPAG)STaATKCHNTI(J)eATKAT]I (1)~ATKCHRIT)

PIRI(I109€TAS(QRIPe02IoRL IO §IUPHL)
C COMPUTL CONTACT 0TQIYITER
. ATKCNI(Z)1e11TAe), 88 (0218Q-0RS22) . ,
€ COMPUTE TRUNK ZOMTACT aREA &
e AT%CN&(I'l)’YI’O.S'l(ﬂZl"lt_}}ﬁ!ﬁﬁl'{]-DZl}QJ
ACHRIT)vATXINT ()
0.COMPUTL CUSHMIONV VOLUML CWANGE _ .
VEHR (1)1 0=nITARASMAT® (0®0, £ NCRY
_C COMPUTL GAP APTA CHANGE ) _
AGAPR(S) 285420 ¢( ) 3
C DISTANCE OF SEYMINT PRTSSURE CENIERY YROM CUSHION CENTER X
29 APEJFIeRITISLNPUL ;
KPLaC21e421°STINPHY L
¥Y201,35338308 N (NLTASO, !)I)(YA'(RR"J RR1S*3) /7 (RR*RR-RR1I*RR1) .
KGOS ISRGITY s
00 YO (61,297,238, 80,63.25,23:68)KC0 '
61 XOMUTYreoRL3HeNEDRCE e
ICH(11eNZ0TSN
WIK(T)o=RLIMeXA2¢COSOEL . _ . . _ . __ —
. 7K1 AN2e8INDIL -
) . ._C0 10 17
: 66 T NCHIIIERLSHIIEONIN .
: . P {4 TRARLT RIA) e e o e e . . 4
: FTK(T)oRLE4+KX2°SINOLL ’ T o I ‘
. Vit reunenosocy .. .. e
00 10 17 .
6% XCHIT)PRLEHONEDRCS : -

Sy -

e o

- ——

7
J
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e

2CHITI2-BEISN
XTK(TheRLSHeUNTCOSOEL
ZIK (1) s=x¥2*SINCEL
GO0 TG 17 ...
68  XCWII)e=RL3H=9EDASN
CHITIe=0E RS
XTIy e=RY 34-AX28STNOEL
2TK(1)a=-XXT*CCSIFL
60 10 17

c.l.oloo.o00-00.00...--o'loc.n.ovon.o‘.lc.ocoloOCQO...O...0.0....0‘.0".00.0

e e m B i iemem e = mmme - - e — e ——

c
€ TRUNK GRCUND CINTACT _ .
C SYRAJGHMT PART IF TRUNK :

23 CONTINUE

b

C COMPUITE OZFORMATION ANGLES .
. RMYZ ((R2- (4Y=-YGHITI DI /R2Y
PHI3=ACOS (AYAY1 (=140, EHINL (1. 0 RHYIDY . - B

_RMYE LIR1~ (MY=YGH{T) ) 1/RLY

PHLL2LCOS (44AX1 (w1, 0, ANINL(1,0,RKRY) 1)
€ DO TRANSCINOENTALS IHLY_ONMCE
SINPHISSINIPHIS)
SINCHLeSIN(PHT L)
€ COMoUTE PARTIAL TIR™S .
DRSSP (D2-R1*SINOHI} - .

LOSP29DISP*I2SP :

.. COSCILECOS(IILTACI}Y __ _
SINOSLeSINOITLTALT)) ¢
BENRSNTOIT126DQSPSSINTEL

a4

BELRCSYIZTA2°DISP*COSDEL ©y
_§_COMOUTZ PIMgvEL SECTOSRS . L
AE=R2%R2°0413%0,5
. ATE(R2eMY 6YGH(I}1%0,5°R2*SINPHY
AGMA7£26AT .

_ABeR1%31%P4IL%0.5
l9' {I1=-HY «YGHID) )‘D-S'Qi‘SlNPNb
AL0»8)
Al148
€ COMPUTE SICTOR CINTROIOS
KEnSINFHR = l.ISJI!S'(SlH(FHIl'U 5198 2)*R2/PHII
C XTtSINFHR«). 33333383205 THPUT ¢ ST BRI PR
XPeCINPMP 45, 33333335 (SIN(PALL%0,5)%42)%R1/PHIG
XGe SINPHR+ ), 3333333°R1*SINPHE
Xi1:sX9
o ._..X11sX8§
PI12s01%g,§ !
IF(PHIW,LT,P112) GO TO_T0 o
“C IF PHIL IS GREATZIR TMAN 00 02GRECS, SET T0 90 OEGREES :
___EHlLmPIT2 :—
TTSINPHLSIN(OHI ) .
A30s(R1-HYIYGH(T) ) ®RY
X10sSINPHE 0,51
Al1sP1ou1eoHIL"0,

X11aSINPHP Y, S!‘JU"(SIN(PNI’JD.”"ZD‘ 1/PHI& ;.
70  CONTINUE i .
“C COMPUTI TIUNK ARTA SHANGE - q
ATKO(T)sACYA?¢A3-A9 =
ATKP2(1)sA)4AT ¢A11 =410
€ COMPUTZ TALNK VvOLUMS CHANGE
VIK28(I)IsaTKRIICOELY
VIO e ATCRALL) ONELY,
VIRE(T)32,oVTRA(TII-VIKRI(])
€ COMPUTE Cus“IOt VOLJME CHANGE
VCHP (1)s-0 LY AHBNAT
€ COMPUTI TRUMK :XIT AREAS . .
A!(ATIGI)l'LOA!(I'l'l(Ll~L0LXOFLOIT(Nl- 11°SH-RI®PHIL)I/SHO1,0) *NH)
l'ADS ’ 3

et &
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ATKEHTI(I) s SLOATHIF IV E(L2=LN=F2%IMT3)/SHel, ) ONH)*ADS
ATKCHRA(TI SCLOATITFTIXLIL2-LYI/5H0 14 Q) O NH) *LDS-ATKCHI(T) _
ATKATRIIISAINCAIZBTKCHIC(TI-ATKATI(I)I=ATKCHRIT)
. PIRI(I182,%05LX
€ COMPUTI T2UNK TIMTACT PIRIMITER
€ COMPUTE TRUNK ZANTACY ao0fs
ATXENTI ) 220STuOHYSCELX
ATKCNO (1) = 314SINPHGSCELR
C COMPUTIE GAP ARIA CHANGS
o ACHR{IIZATCONTIC(I)
. . AGAPP(T1cASAPTI(T)
KGOsISEGCI)__ . __
‘C COMPUTE SZGNEMT CONTACY CENTE3 OF PRESSUPE FOR CUSMION AND TRUNK
. GO YO €17,432,62,17,17,66, 69.17!.KGO
62 XCHITYsXCXLI)
_ICH(II®0,E¢¢J2-R2°STNPHS)
XIK(IY=XCX{])
_UTREIIEN24), 50 (RS INPHL-P23STNPH])
GO T0 17
.66 XCK(1D=XCX (D) _ . e
ZCH(1)=~0,3%(0D2- R2°SINONHI)
XTK(I)=XCX(D)
2TK(11-:02¢0,5*(R1°5 INONL-RZ‘aINDNJ))
47  CONTINUE _
c..l.lbl.l. ll...“.....'..ll“OlO.‘.OllO.‘.'..‘..‘..‘.‘.....'........'..‘

.C PART 3 SUMMATIIN OF SEGMIHT ARIAS VILUMES
cOIl..ol..l.Olbltbll..ll.l.ll‘ll..llll.‘.ll.l.ll...o.l..l.lb.‘..ll......‘

et erm e e e ——

'c SET TOTAL AREA ANQ VOLUMES YO 2RO
_ATKCN=0,0
VKx0,0
_ACH20.0 .
ATXCH=0,0 ~

o _ATKAT=O0.9 )

VCH 0.0

AGAPaC, 0

ATKATC30,

ATKCHC20, . PE——

C LOOP CN 3IGHENTS TO FIND TOTALS oF AREAS AND VOLUMES.
_00 30 Is3,NSTOO _

VIKsVTKe (4TKICL) -VTRPITT Y
_ACHEACHe (ACHI(I)-ACHRID))
ATKCHRATKCHeATKCHILT)
_ATKAT®ATKATATRATICTY

VCMEVCHe (4241 (1) =VCHPIID)

- ATKCNEATKCH*ATXCNT(T) ¢AYKCNR(T)
AGAP:RGAPe (AGAPT (21 =AGAPR(I))
_ATKATC=ATKATCHIATKATR(TD)

LTKCHCSATKINC+ATKCHR (1)
_.30  CONTINUE
AGAPSAMRX 1 (AGAP, .0}
. VTKaAMAY1{),0,VI<) e R
VCHzAMAX1(2,0, (VCH+VCHI) )
_VCHZAMAXL (), 0,VIH?
ATKCH=AMAX1 (0, 000 ATKCHT
ATKATSAMAX1(0, 003 JATKAT)
aCHEAMAXL (), 0,ACH)
ATKATCrAMAXL(0,0,ATKATCY
ATKCHCSAMANL(C, 2, ATKCHEY
£__ FORCE SUM OF NOZZLZ ARIAS TO NZ EQUAL YO TOTAL NOZILE AREA
SUM=ATKAT ¢ 1TKCH 8 TKATCoATKEHC
ATKCHaAIKCH/SUMSATATAL SATKAT=2TKAT/SUMPATOTAL
ATKCHCTATRHC/SUN®ATOTAL SATKATCTATKATC/SUMPATCTAL
KETURN
END '
, SUORCUTINE ST(FY.TZ,TX.0ERY,1PP, P°LH !PLM.VIK.OFANI.DVYK.PT‘.OVCNo
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Ivcc.CvcuP.°CH.v:N.SINK?1.PN1E.DPHI vTHETAE JOTHITACKKPAT (GG (HYT (G

______ _ VEC,MASS,RPY, VELY, SIT RHO,AGAP ACH ATK
XAT,ATKCH, ATKSNATKATC ATKCHS o CAF L CENF R, CGAP, ACHR,ATKZNI JATKCN
CRPERTICHI7CH XTI, 7TKy ACHT Y GRy COLTKL QTKCH, OTKAT, OCHET) e

C OVYNAMIC €AN VCISION FNR FMAG

C STAT. EOUATIONS FOR Tui OYHAMIC SYSTFM

REAL MASS

C FOLLCWING SUSRIUTINIS 4RZ CALLED TO USDATE VALWES OF

C FORCES,TCRCUZS AND FLOWS, GIVEN THI NEW VALUES OF THE

C STATE VARILIES

OIMCNSION 22V (131, ACHI(32),8CHR(32), AYKCNIISZ).ATKCNR(JZD.PEﬁ!(!Z
Xl XCH(32) , ATHIZ2) S XTKI32) ,2TK(I2) 4 YLHI32)

CCe~1,17344TFNE, 796 3coTa, € 1CTAzL $QVENTs 0,
___C1Ca,6 3FFa0, . e
HOCs=1, IPHAx 155, SUs0,03
e e . - APLTK=,528 SDAMPCs3.2 _ SAIFANw®, 072

CENF2s0, INSTOPE )2

_C _SUBROUTING_TO _CSIND_FLOW_AND PPISSUT _VALUCS_DURING OYNAMIC SIMULATICN
TIRMO®2,0/3H0

C PLEMUN 10 TIUNK_FLOW
SIGN=1,.0

. 1FU(PPLM=PTC) LT, 0.0) SIGN2~1.0
OPLTK'SIGN"?T'1°LY('SO"IA!S(TIFHO'(PPLH-P!KDl)

C_TRUNK TO CUSHIIN FLOW

SIGNllo

IF((PTK=PCUY,LT,0,) SICNs=1, )

QIKCHeSIGN*CTCPS0RT (ARS(TIRHO® (PTK~OCH) ) 1® (ATKCHe 3o €666 T*ATKCHEY

LC_TRUNK TO ATHOS HIPE FLOW
SIGN=1,0
_IF(PIK,LT,0.0)SIGNs=1, o
TTOTKAT=SICNSCTA®SIRT (TIRHO=IIS(PTKI)®

_C CUSHION TO ATMISPHIRI FLOW _
SIGN=8.0
o IF(PCH,LT.).0) SIGN=-1,0
T QCHAT=A3AP*CGACSSORT (TIOHD*ABS (PCHI I *STGN

_C FORCCS AND TOPIUSS ASSOCIATID WITH A PARTICULAR ACLS ORIENTATION

C ARE CALCULATED

_C CALCULATE TIANSCENDIZNTALS ONLY ONCE
CSSCSCOSIIMIEI*SINITHITAE) *SIN(STIEI=COSISIZY *SIN (PHIET

. . CPCT=COS(FHIZISCOS(THITAZY )

€ CLEAR TOTAL FOICES AND TOPQUSES TO 22RO
FORCT=0,0
TTPX20,0
ITP2=0,0
YCPIIO.O
1CP 20,0 :
‘TORF2u0,0
_TORQTXs0, 0
TT0RQT?30,0 SFORCEY=0, 3TOFJIUEX=0, STCRCVEZ0,

_C _ FORCES AND TOWUES INDEPFNOTNT OF 3tGMENTS_INCIVIOUALLY

“C HEAVE FORCES CUSHION AND TRUNK

_._._ FceseCweaCw
FTIPsPTKeATKCN

L£_COHPUTE VELOCITY FOR DRAG FORCH
VEVELX®CSSISeSINKRT*CPCT

o __ SIGNsy, I i
IHIVIGTa06d: 531G,

C MEAVE ORAG FORZZ o
FOFed,5°N07°PHACRHOSVOVISIGN

€ ORAG T0Q0UE o .
TOF7aFCFeCINFX

- TOFXs=FDF *FENF?

C FORCLS ANO TORIUZSS DIPENDINT ON SEGHLNTS INDIVIOUALLY

C Sum JIADIVICIDUAL SISHENTS 10 FIND TOTALS
00 101 Is1.,NSTO?

C CUSHION PRZSSUY: TORQUES

K

94

R




;
’
i
AFIT/GE/EE/77D-43
TCP?eTCPTo (XCHITI=CCIOOCHO (ACHTI(T)I=ACHRITD)
. TCPXSTCOX- (27U} =FF)eOCHe [ACHI(TI=ACHRI(I)) R
TIP2s 11024 (XIK(L1-CAYo(OTKO(ATKCNTIO)ATKCHRITIY)
TIPXs 11PN (7TX(I1~FE)o(DTR*(ATKEHI(TICATKCHNRITINY .
TFCIATKENT(I140T4000,0, (ATKCNR(TDL5T.0.0) GO TO 111
... GO TO 301 ____ e
111 VELTs CTHKRTOLACTEOPHI * IXTRIII=CC)GOTHETA® (ZTKISI-FF)
. FCPCs=VELTSDAMPZ®PERICIDY o
FORCT=FORCT+FORO
. 1080T2eT0P2T24(xTXK(T)=CCISFORD _ R
TORATXsTORITA-(ZTK{TI=-FF) *FORD .
. IFIVELX.E0,0,0) CO_T0_101 .
TORF2SYORSF 2= (YC32CPCTY *PTK S (AIKCNI(II+ATKCNRIIII®U
101 CONTINUZ
€ CUMMATION CF FIRCE ANN TGROUEZ COMPONENTS
€ TOTAL HEBVE FORLE
FORCIYS(FCO+FTPFORCT+FOFISCPCT ‘
- FYSAMAXE(FIOCEY 0.) _ . . .
€ ¥OTAL TOOQUE x axIs . -
TOROUEXSTCIXeTTOXeTOROTXTOFX
TX=TOROUEY
C _JOTAL YORQUE Z AXIS e
TORGUEZsTCI2¢TTIP o TORQT2Z¢TOFI+TORFZ
. T1=TORCUZZ .
€ STATe ESUATIONS
Coootm: STATE vARTIGLIS**s —. _
€ 11PFLP. FLEMUN PRISSUPE (GAGE)
C 2)1PCH, . CUSHION 23€SSURE (GAGE)__ .
C JIPTK,, TRUNK PIISSUIE (GACED
C LISINKRT, VIRTIZAL SINK_RATZ, POSITIVE UPWARDS
€ 31VCG,, L6 ELEVATION
C 6109MT,,PITOH FATE,VEHICLY FRAME
€ TIDTHETA, LROLL RATZ, VEWICLE FRANE
C SITHIIAE, ,SULFRILAN ANLL ANGLE
' ' C 9IPFICLEULZRIAN PITCH ANGLE
C__HHSX!...UL RIAN YAW BNALT (APPROX, JERO)
€ 111XV, SISPLN IF oRIssyor RILTEF vALVE
C 12)VVeo VILCSITY OF OPESSURT RELIEF VALVE
C 13)7FENX, FAN AIR INZIOTANCE FLOW
DERY (112 (CKVO (DI MaP8T)/VPLA) S (IFANXQPLTKY
utl'(lll((‘((‘(91(09!Y'/VYK)'(()PLIK-OYKCN-OTKIT ovTK)
C CUSHION FLO4 AIOVE GEQUMD ZFFEZY TRANSITION ZONE =
QCHF TGP LCH+0TKSH=0VEH
: C._CALCULATE GUOUND SFECCT TOANSIIION ZONE.
! TO0UNDsGG+HYT® (1, 4550)
... BROUNDEGGewyl
C OCTEZAMINE 1F ACLS IN TRANSITION ZONE
CIFLYCG.5T.TIUNDICO 1D 13
1FIYCG.GT.8R0UND) GO YO 14
: G0 10 16 . _
: [ .
13 C ASOVL TRANSITIOIN 2041
v 13  QCHATsOCHFT
: IFLAGEQ
' 10s0
Lo NOsD e e e i
¢0 10 15
: ¢ . e e e e
. C IN TRANSITION ION®
! A& __ 1FLAGeYL
: "NO8100 ’
. - lo-xnxuosuvuuua-vcm/nnouun-nqouuownonmonn I
t JFLIN.GINDINENY
. .. 66 10 87

¢
€ IN GROUNC EFFElT TONE
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samaied i

1 18 NOW3
4 — Jo=1 . . .- e e
1FLAGe2 ~ :
C COMPUTE CUSHION TO &THMOSPWIRE FLOW ) _
: 17  QCHATSFLOAT(NA=1N)/CLOAT(NQI®ACHFT+FLOAT (10) /FLOAT (NQ)*QCHAT
- C CUSMION PR:ISSUR:I ODSAIVATIVE _
: S DERY(2)2 (0ILCMeQTKCHaCCHATIVCHICVEHESPCHS DIRY (3 )/ (PTR*PTKI I/
b . LAVCH/ICKK® (DZHeBAT) } +OVIHP/PTK) -
: C QUSHICN PALSSUIT IS 25R0 ASIVE TRANSITION 2ONE
3 . 1F(IFLAG,E. 0,00 PCH=0,0
i - 66  RETURN
Ky ___ END
» PARAMITER VALUES2I0tAVa0
— UMAX®20, ———
nssSs??.§ ’ CCs~1a17
; Coe $o5 WFFa0e (OHA=Z265, ,HOC=l, oLS76,125 4020417 _-A2,895 _ .
H En,526,L85,17 JHYIS1,00 » Ann;.«:- .sn:.uass +LX70, 80
; o AIF=eOF2_ — — -
i APCa0, ¢APT=, 698 ,APASD, ,AATS,796 +VCO20,
_ oPVel, __ _ _FBT=2115,8 o TEMs?0, _
TCKKs1, L .CPau0, ,CATs,5 ,CPC20, 4CPT=.5 ,GCTCase
___ CYAR.4 (CG2,8 ,0EC2.1 o__ ___ CFfxe 1447 ,CF220, +0PC=3.2
XA LO=0., XU LO29, s IATLO20, T, MALLOS0, - MU LO20. XP {0397

e e Y3NLDs0, 2¥9 LO0s0s __pYCALO=0, __ ,L30L020.
LB L0e0s +NOILOD2A, N3 LC3d, +NOALDS 0.  4RUOLI=1. 48 LD®19.
TCOEN2d b 4THRENS23534 +X0 ENzeb,1,GAXENSL.  oGAZEN20. _,PO TFe358.73,

PL TFaiT.n6,20 TF30s 21 "Fs158,73

e ee—

207 1F 20158,73

L TF 280, .90 TF 20153, 73,80 TF 22§7,46,
CKIIT_3e1, s JGKLIT 3si, _
) C1 MC 123,2,C2 M3 1532755CF MC 152.5,56 MC 150, GKIIT 51, ¢GKLIT 721,
CXITT 88=1s4GKLIT 851s4C1 ™C 221,8L.C2 MC 285,7S5.,C3 MC 232.5,Cb MC 220,,
GKIZT 921, GKLIT 3=ty oGXIITL0==1.,6KLITI021, ,ALSAV2D, +S AVs76,
UW _AVE0, VW AVEa0, __ oWH BVSO, __PW LV20, _ 4fQW1AVeD,  RWiAVEQ, _ .
KA1L0877.%5,C LC1y, GXLIT 1a1,7 LOKITT 1=8. .xxxso-z«:u.,xvvso-leuo. ) p
12250240824 ,IXZSI==20], 470 EN=0,_,7U LO=20._ .
FYLS330, (Cv253%0, ,T2253v0, +FX2S3=0, (TX313380, TZiS3=0. .
_FX383s0, 4FYIS3IaI, ,FI333s0, e
X0 L0:2-39,692,740109= ,12366.YP LD¥-,035692,20 L02-8,0257,

HADLOR=, ?5639,YR (D=,12081.L° LO3-113,76,40:L0%=,065052,M0 LO==175,86,
YORLOn350,17,LR LO5=1%, Y16,1P LO3e11,8%1,20 LO==30.967,205L0=2=15,562,
LORLO®607. 4N LOV100,93,M0 LO3L3, 725,408 05~865,13,L0ALC==346745,
‘NORLOD®- 113,
INITIAL CONDITIOYSS

PRLFM2137,93,PTK H=126406 pcqrn.o. +TH EN21515.8.,U SOx47,033,
¥ SD%8.8235,M <920, __ WP _ SOs0, 10 SO%0_+0____ R_ SDsg.
‘ROLS020, PITSDZ=1,0 .vnuso-o. CALTS022,6 0, XI TF20,
X2 VFa0, X2 IT 70, __ oX2 11 80, X2 IT 3a0,

—PRINT CONTPOL®«,TIN3=0+3 oTHAX210,,0UTRATESL o PRATES 1,STHMULATE

e —————

1 X2 IT 190, .XI TF 220,12 TF 2%0,,x2 1T 940,,k3 171020,
|
|

—— e o — - -—
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