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FOREWORD

This report describes work conducted within the Air Force Aero
Propulsion Laboratory, Turbine Engine Division, Components Branch (TBC),
Wright-Patterson Air Force Base, Ohio. The work was accomplished under
Project 3066, '"Gas Turbine Technology," Task 06, "Turbine Technology,"
Work Unit 02, "Turbine Aeromechanical Analysis," between August 1977 and
February 1979. This report was submitted by the author in July 1979.
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I. INTRODUCTION

One aspect of designing an airplane or evaluating the performance
of a proposed design is estimating the landing distance it will require.
8 In particular, some airplanes must land on unprepared fields, e.g.,wet
grass or ice, as well as concrete. The method described in this report
was developed to estimate landing distances on these different surfaces.

Sample results for a STOL transport are presented and a computer program

implementing the method is shown in the appendix.
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2. ANALYSIS

2.1 Derivation of Equations
2.1.1 Aircraft Motion
The basic equation is simply
F = ma (1)
and F is composed of aerodynamic drag, the braking force, and the
contribution from the thrust reverser. Thus,
F = F4r + Fpbr + Frh (2)
where the drag force is a function of velocity and the braking force is
the product of the friction coefficient of the tires and the downward
force on them. The downward force in turn is composed of the aircraft
weight plus any vertical component from the thrust reverser. The reverse
tnrust is equal to a reverse thrust coefficient times the engine net
rorust, and net thrust depends on forward velocity and engine speed.
Finally, engine speed varies with time. In equation form
Drag: Fqr = £(V) (3)
Braking Force: Fpy = C¢ * (GRWT + Frv) (4)
Horizontal Component of Reverse Thrust:
Frh = Cv rev * Fgross (5)
Vertical Component of Reverse Thrust:

Frv = Frh tan 8 (6)
Where 6 is the discharg angle.

Gross Thrust: Fgross = f(RPM, V)

o~
~J4

~




The forces are shown in Figure 1 and the braking coefficients are

listed in Table 1. Any moment generated by Frh is ignored.

2.1.2 Engine Dynamics
The engine is assumed to have only two throttle positions -
idle and maximum. Its thrust responds to a change in throttle setting
according to a first order log equation,
F=Fo.x = (Fmax - Fidle) S (8)
where t is the elapsed time in seconds and 1 is a characteristic time.
At t/t = 5, the transient is more than 99% complete. Idle thrust is

assumed to be zero so that

F = B F = 8170 9

TABLE 1

Braking Coefficients

Surface C¢

Ice 0.05
Wet Dirt 0.15
Dry Dirt 0.25
Dry Concrete 0.30

2.2 Solution Method
2.2.1 Aircraft Motion
Forward velocity is obtained by numerically integrating equation

(1) in a one-term Taylor series. By definition, acceleration a = QX’ thus

at
Vv _F
%E - (10)
v . Ve b A (11)
(t + At) t T

The time step, At, is taken to be 0.1 seconds.
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2.2.2 Assumptions and Boundary Conditions

The aircraft is assumed to touch down with an initial velocity
Vo and the engines idling. At time Ty (typically 1/2 second), the brakes
are applied, the thrust reverser is deployed, and the throttle is opened
fully. Full reverse thrust is attained after 5 more seconds, at time T,.
Some time later, the airplane's velocity drops below a preset value V3
(typically 20 ft/sec) and the throttle is closed and the thrust reverser
stowed. This time is denoted as T3. The brakes are applied until the
airplane is completely stopped.

The thrust reverser applies both a horizontal and a vertical

torce to the airplane, as shown in Figure 1. For the particular configuration |
used as an example here, the resultant reverse thrust vector was inclined i
at just over 57 degrees, or very nearly one radian, from the horizontal. fl
Consequently, the vertical force is not wasted, however. It increases the i
load on the tires and thereby contributes to the braking force. i

Reverse thrust loading is a parameter in the analysis. The
horizontal component is specified as a fraction of aircraft gross weight,
subject only to the constraint that the resultant reverse thrust not exceed
the total engine thrust. Typical values are in the range 0.1 to 0.3.

Drag acts constantly on the moving airplane. Its magnitude is i
also a parameter in the analysis. The magnitude of the drag force at the i
initial velocity Vo is specified as a fraction of the aircraft gross weight.
from this, a drag coefficient is computed and held constant for the duration
of the integration.

in summary then, the landing scenario locks like this:

TIME VELOCITY EVENT

0 Vo Airplane touches down.
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ol 2 Vi Brakes applied, throttle opened, thrust
reverser deployed.

T2 V2 Full reverse thrust obtained.

T3 V3 Throttle closed, reverser stowed.

T4 0 Stopped.

2.3 Computer Program

ROLLOUT, the computer program developed for this analysis is listed
in the Appendix. It is written in small modules, each of which does only
one task. Thus, it is easy to change. For example, if one is interested
in a particular configuration for which he has detailed drag data, he need
change only subroutine AIRDRAG. Similarly, different engines may be simu-
lated by changing the tabulated data in subroutine ENGINE. ROLLOUT accepts
data in Namelist format as described in the Appendix. It then computes a
set of 16 solutions, comprised of four reverse thrust loadings for each of
four braking coefficients. Output consists of a printed table of distance
versus time for each of the 16 solutions and three different sets of plots,
two of which are optional. The first set of optional plots displays four
curves of distance versus time corresponding to the four thrust loadings on
one plot for each of the four braking coefficients. The other set of op-
tional plots displays four sets of four small plots, each set corresponding
to a braking coefficient. Each small plot shows the relative contribution
of the brakes, the thrust reverser, and aerodynamic drag for the duration
of the landing roll. The final plot is a crossplot of the 16 solutions,
showing rolling distance versus braking coefficient for each of the four
reverse thrust loadings.
2.4 Results

The results shown here represent a twin engine STOL transport weighing
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160,000 pounds and having a landing speed of 150 feet per second or

approximately 90 knots. Braking coefficients are as shown in Table 1 and
the reverse thrust loadings were taken to be 0.1, 0.2, 0.3, and the
maximum possible (about 0.316). The influences of the various parameters
are discussed below.

A set of curves of rolling distance versus time (the first plot option)
is shown in Figures 2, 4, 6, and 8. Figures 3, 5, 7, and 9 show the
relative contributions of brakes, reverser, and drag for the same cases
(the second option). Figure 10 contains the crossplot.

2.4.1 Braking Coefficient and Reverse Thrust Loading

One sees in Figures 2 through 9 the perhaps surprising result
that, except on ice, the brakes do more to stop the airplane than does the
thrust reverser. This is due in part at least to the particular reverser
:sed here. The vertical component of the reversed thrust is 1.557 times
*he horizontal. By forcing the tires more firmly against the landing surface,
it contributes to the braking force. A reverser which turned the exhaust
j2t more would of course alter the split.

Figure 10 shows that with the maximum reverse thrust it is
possible to stop the airplane on ice in less than 1000 feet and on dry
concrete in less than 600 feet. With the minimum reverse thrust, the
braking force is still sufficient to stop the airplane in 900 feet on dry
cor-vete, but on ice the distance required is much larger than the 1400 foot
upper limit assumed (the actual distance was some 2100 feet). The utility
of Flgure 10 is that is shows the level of reverse thrust one must have to
4cile.e o particular rolling distance. For instance, if the required
maximum distance is 1000 feet for all surfaces, the reverse thrust loading

ruit be at least 0.3.




2.4,2 Engine Time Constant
The effect of engine acceleration time is almost impossible
to detect on plots of distance versus time. It is a little easier to see
in plots of velocity versus time, as in Figure 11. Shown there are two
velocity histories, one for a time constant yielding a half second acceler-
ation. The principal difference is a displacement of about a quarter second
(or about 9 ft/sec) and a more proaounced rounding of the initial part of
the curve. The sharp bend at the right end of the curves shows the use
of V3 (here 10 ft/sec) to shut off the reversers. A cross plot of rolling
distance versus time constant is shown in Figure 12.
2.4.3 Drag
For want of data describing the aerodynamic drag of the kind
of aircraft considered here, we uged the parametric approach. For example,
DFR = 0.1 means that at the start of the calculation, Fqy/GRWT = 0.1.
Defining Cp = Fdr/V2 gives Cp = DFR * GRWT/VOZ. Figures 6 through 9 show
that for DFR < 0.1, drag plays a very small part, while Figure 13 shows what

can happen with very large drag forces.
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3. CONCLUSIONS

The computer program described herein is a useful tool for quickly
obtaining estimates of aircraft landing roll distances under various operating
It permits independent evaluation of the various parameters

conditions.

which affect the rolling distance and can easily be modified to model con-

figurations other than the twin engine STOL shown.
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Forces on the Aircraft
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APPENDIX A

Input Instructions

Rollout reads all its input from Namelist IN. All variables are
initialized in Subroutine INPUT so that it is possible to run the program
without supplying any data.

The input variables are:

DFR The aerodynamic drag force at touchdown (V = VO0)
evpressed as a decimal fraction of the airplane's
gross weight, e.g., 0.1 Default is 0.0.

DIS Logical variable. When set to .TRUE. causes plots
of rolling distance versus time (the first plot
option) to be created. Default is .FALSE.

FRAC Logical variable. When set to .TRUE. causes plots of
relative contribution of drag, brakes, and thrust re-
verser (the second plot option) to be created.
Default is .FALSE.

GRWT The airplane's gross weight at landing, pounds.
Default is 100,000.

TAU Time constant for engine acceleration, seconds. The
engine accelerates from idle to full power in 5/TAU
seconds. Default is 1.

T1 Time after touchdown at which brakes are applied, thrust
reverser opened, seconds. Typically 0.5. Default is O.

Airplane velocity at touchdown, feet per second. Default
is 100. Setting VO negative stops the program.

V3 Velocity bhelow which thrust reverser is no longer used,
feet per seconc. Default is 20.
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APPENDIX B

Program Listing

Program ROLLOUT and all its subroutines are listed on the following
pages. ROLLOUT uses the Calcomp graphics subroutine library, though other
graphics systems could easily be substituted. ROLLOUT was written in
DCD Fortran IV Extended and contains a few dialect statement forms which
are not compatible with other compilers. All are easily changed, however.
There are a few statements of the form A =B = C = 0.0 and some sever
character variable names. The forms READ * and PRINT * are list-directed
(format-free) input-output.

The listings contain occasional continuation lines marked with a
dollar sign. These were created by the listing program to maintain the

right-hand margin and do not appear in the actual code.
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FPOGORAM  SOLLCOUT (TNPUT=471, CQUTPUT, TACEG=QUTPUT,
RLOT)

FOMMON  /CTYEN/ V0, VT, GRWT, THPMAX, OF, T1, ~Z,
12, TAU, CVR
(?), ©7C, PNC, NFF
CCHMaN fBCE L T
COMMON  /iFTARR,  TET, A°F (250,4), ORF (257,4), SVF

(25P, 4)
FOMMON  /PLCTELZ DTS, FrAC .
LOGTCAL nIs, FRAC 4

CFF ARF THF PPAKING COEFFICIFNTS FOR ICE, WET %
Doy

GRASS, ANP [FY CNNCRETF,

PTL TS THF HORT7ZONTAL CCMPONFNT OF REVERSE THRUST

DIVINE™ EY VEHTCLE GFOSS WFTIGHT. THERE IS ALSC A

VERTICAL CCVFONFNT, THE RFESULTANT REVEFSE THRLUST

VECTNP TS TNCLINFU AT 57,7 DFG 7O THE HORIZONTAL,.

CIMENSTON CFF (4)y T f(4yl)y, NTG (4)y RBTL (4), 7
(25¢), V (25N),
X (2657), XP (25%,4)
pATR FFE / "eNBy DelGy Me25, Co20 /
DATA PTL / Dely Pe2y 03y P35 /

PNO = N0

C‘LL CLﬂ' (1ory 1or, - 3)
CALL INFUT

TF (VD GLEFe Nel) GO T0 4

DFR TS TKF [RAG FO®CF AT v = vA AS A FRACTION
NF GRCSS WEICHT,
N TS THE FOUIVALENT CPAG COEFFICIENT,

oc = OFK * GPHT 7 (V0 * VO)
0N 3 JICF = 1, &
L = = CFF(ICF)
nno 2 TRT =1, &

CUN FOUS REYFESF THRUST LNATINGS FOR FEACH
ERAKING COFFFINTENT,

CALL CFR (RTLI®T)Y)

aTe = FTL{IRT)
CALL FCMPUTE (X, Vy Ty 250, NINTG)
NGO = ONO + 1,0

CALL CUTOUT (X, Vy T, 2%5%, NINTG)
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NTG(IFT) = NINTG

DUICF, IPY) = XININTG)
no 27y = 1y NINTG
XF(I, IFT) = X(I)
CCNT INUE

JF (NIS) CALL GPAPHIf (T, XP, NTG, RYL, 250, &)
IF (FRAC) CALL QUAD (FF, NTF, FTL, T, 4, 250)
CONTTINUE

CALL CROSFLY (T, CFF, FTL, &)

GO TN 4

CALL SYMBCL (%403 NeS, Ne105, “FINTSHED™, 90,9, &)

CALL FLOTSE

SToP

END




i SUBROUTIN™ ATETRAG (V, DRAG)
- CAMMON /N CCys 0

DRAG =DC *v«¥xy
PETUPN
FNR




SURPAUTINE BRAKFS (COWNF, T1, T, FrF, F3pP)

4 c
c COMPUTFS ERAKING FOR"F
£
JF (T +L7. T1) 60 70 1
FER = OF * QOWNF
: RFTURN
' 1 Fee = M0
C
C NO BRAKES FOR T < T1
C

( FFTURN
’ END
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SLERPOUTINF  CFF (FTL)
CCMMNN  /THRUSY/ FGFC (5)

COMPUTFS RFY, THE, COSFF, FROM REV, THR, LOADINC
COMMAN  /RTVFN/  V(, V3, GRWT, THRMAX, CF, Ti, Tz,

T, TAU, CVR
(2)y FTC, RNC, DNFE

rfye (1) = 0T ¥ GUNWT /7 (1,92 * FGRD(1))
cve(? = 1,5577 * CVR(1)

15577 = TAN(57,7 DECG,)

1.92 = Z%0Ne06h

GUARR AGCAINST RFCSULTANT CV > 4,
TF (CV7 (1) oLFe NeSuNI) RETUFEN

THFSE LKE THE COSTNE ANC SINE NF 67,3 DEG,

CVR(Y) = MaF4r3

CVRE(?2) = T.841%

PTL = 1M774 % FGRL(1) 7 GPWT
1.7374 = 1,02%NM,5403

PRINY *, “FTL KAD T® 8E FFCUCED TN *, RTL
RETUDN
FND




DA YOOIO

e N )

A

A:u-,r—-r-—pyﬂﬁgqlpq.gW&N_\wa;ﬂ_”;:‘,_V

SUBFOUTINE CCH4FUTE (X, Vy Ty NO, NINTG)
COMMON  /GIVEN/ VO, VI, GEWT, THRMAX, CF, T1, Tz,
T3, TAU, FVR

(2)y RPTC, RNC, DFP
CCMMON /RETARC/ IRT, ®FF (25%,4), DRF (250 ,4), RVF
(250, &)

TNYEGPATES THE FQUATION OF MOYICN, F = MA, IN A
TAYLOF SERIES FXPANSION, VYZ
X(T+0T) = X(T) + DT*(CX/DT) + (CT**2/2)*(C2x/CT2)
WHERE DX/DT = V¥

02%x/P12 = A = F/¥

F = CFAG 4 BRAKTNG + REV, THRUST

RFEGIN
OIMENSTCON T (NO), V (NO)Y, X (NO)
nY = B61
L) B = DY * DY / 2.0
X (1) = 0,0
V(1) = \r
T = 0.C
or = 324174 /7 GRNWT
T2 = 3J€C0%,°C
T = JF(Ne D
NM8 Y = NC = 2
BRF (1, TRT) = (a0
NEF(1,y, IRT) = Q.0
RVF (1, IRT) = (."

TF (DFF oGTe 0.7 D?F (1, TFT) = {."
INTFGPATICA LOQF

m o3I = 7, NNAY

CALL AIFPRAC (V(I = 1), [PAG)

FALL ENGINE (V(T = 1), THEOMAX, FEMDRAG)

CALL SFCOLUF (T(I = 1), T1, T2, T3, TAU, THRMAX,
THR)

CALL RFVTHP (THR, CVWR, V3, V(I = 1), FPH, FRV)

FALL °RAKES (GRWT & FPy, T1, T(T - 1), CF, FBR)

TF (FRH «6T¢ %.7) FRH = FPH + FAMDFAG

ESUWN = [SAG + FRR + FPH

TE (FSUM oG7, Bel) GO TO 4

82F (T, TRT) = BRF(1, IRT)

ORF(T, IRT) = PRF(i, IFT)

PVE(I, TRT) = RVF(1, TRT)

GO TO 2

BRF(T, TFT)

ARF(I, IPT)

FBP / FSUM
DFAG 7/ FSUM

" u
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L

FVF(Ty TEYY = FRH / FSUM

xor = « OM ¥ FQUM

Vel = V(T = 1) & NPT » xpp

X(T) = X(IT = 1) + 0T * y(I) + DT2 * XPF
rery 2 T = 1) = OV

WHEN V ORNFS AFLOW VI, TURN OFF THRUST REVERSERS,
TE  (V(T) olFa VI (ANNG T3 (GF, 26N040) T3 =T (D)
AFE WF STQFFFL?
TE (V(I) oLF, 0.075) GO 70 &
CONTINUF
T = NMAX

NINIG TS THF NUM3IFR OF INTEGRATTON STESS,

NINT G = I
IF (T3 (GFes TECN,P) T3 = T(I)
FFETURN

FNn
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DO OO0

oo

SUBRNUTINE CFOSPLT (NIST, CFFy RTL, N)

COMMON /FRAME/Z XF, YF

GIMENSION  BC (B)y CFF (N)y DIST (NyN), RTL (N), X
(6)

DATA YNUM / 640 7

PLOTS LANDTNG DISTANTE VS BRAKIMG CO-FFICIENT
WTTH MEVERSF THRUST LOACING A4S A PARAMFTER,

DATA X (5)y X (6) / 4LUGO, 20C,0 7/
NATA BR™ (5)y BC (6) 7 040y ued /
XF = Le 0

YF = 5,0

CALL fLOT (200’ 200’ -3)
CALL AXIS (Nely De0y 13IHBRAKING CNFF,y, = 13, XF,
Gefly BC(5),

82(86))
CALL AXIS (0efy Uefy BHNISTANCE, 6y YFy, 9347, X(E),
X(6))
CALL SYMBOL (2e5y 449y ‘el1y ?HRTLy Usl, 3)

Yc = YHNUH

PO % 7 = 1, &4

_RC (I) = CFF(Y)

CONTINUF

63 3 1 = 1, N
no 2 J =1, 4
X(J) = DIST(J4y, I)
CONTTINUE

CALL CLTIF (ECy Xy Ny 1, Gy M)

Y LOCATICON "0 DROW TEVFRST THRUST LOADING VALLE
YN = (X(4) = 470340 7 20,0

MAXE SUKE THEY DONCT OVFPLAF

IF (YO = YN) oLTs 0e3) YN = YN « (43

Yo = YN
CALL NUMBER (2459 YNy J41y RTL(T)y 060, 3)
cCoONTIVUT

CALL PLOY (RBely =241y =2)

F FTURN

E~MD




SUBROUT TNF

rOMMON

DIMFNSTON

NATA
DATS

FRGTNFE (v, THKPMAX, FAMNRAG)

/THRUST/ FGSL (5)
RCSL (%), VSL
VSL / Leliy 56482,
FGSL /7 LETNN,Q,

(5)
111464, 167446,
LENNPCLT, 42300,0,

223428 7/
50000 Cy

¢ 50a00,n /
NATA ROSL / ”08’ 26300“, 5100009 770000, 1970[.0
L
c
C NATA FAR ONF FNGTNE AT SER LFVFL,
C FGSL TS GRCSS THRAUST (CV = 1.M.
€ PDSL IS THE RAM DRAG.
€
c FIND V TN ySL TAQLE
F
IF (V «GT,¢ VSL()) GO TN 2
IF (V «GT. VSL{2)) GO Tn 14
I = 1
GO TN 4
: X = ?
GO 70O &
€ IF (V «G6GTe VSLIK))Y GO T 3
3 = 3
GO TN &
- g = 4
C
€ A SSUMF " w0 ENGTNES
~
v 7 = (V = VSL(I)) 7 (VSL(T + 1) = VSL(I))
THPMA X = 2« * (FGSLAT) & 7 % (FGSLIX ¢ 1) =
FGSL (11))

CAMNRAG

2e0 * (PDSLATY ¢+ Z * (PDSLII + 1) -

RASL (I )

PETURN
ENR




DO O

OO0 e NeNe]

O

(&}

DO 0O

A

SURROUTTINT
CCOMMON
13’ IAAU’ CVF?

(2)y RTC, RNG, OFF

GFEPHTC (Ty X4 NTGy PTL, NU, *40)
/GINENY/ Vity, V3y GPW' y THPMAX, OF, T1, T2,

COMMON /FikAMF/  XF,y YF
NIMENSION NTYG (M0), RTL (MO), T (NO)y, X (NO,yMO)
DATA YHUM /7 5,7 /

UN | INE CALCOMF
DPAW AXFS AMND PLOT X VSe T

XF = 5.0

Y £ = 6.0

CALL PLOY (0e0y 15y =3)

CALL AXIS (N4, NNy 4HTIME, - 4y XFy Je0y 041,
LeD)

CALL AXTIS (Pfefy ey BHNISTANCE, 8y YF, 9040, 0.0,y
200, 1)

ANNUTATE

CALL SYMBGL (P.3r, 5.8’ 001“’ 1"2, 000; -31)
CALL SYMBOL (Ce45y 548, 0410, 1H=, 0.0, 1)
CALL NUMEFR (04659 Se8y uelilty CFy, o0, 2)

CALL SYMGOL ((e30y S5¢6; 310y SHOFR =, 060,y 5)
CALL NUMSER (Pe@0y 5e6y 0.10, DFRy 0a0y 2)

D%AW BROX

CALL PLOT (0e2fy 5454 3)
CELL PLOT (8e42C5s 6oy 2)
CALL PLOT (14355 6a0y 2)
CALL PLOT (1435y 545y 2)
LALL PLCT (Le2fy Se5,y 2)

CPLL SYMBOL (4.5, 549y "e1, 3HRTL, 0.9, 3)

Yo = YNUM
5 {1 0 i ¢ = 1, MO
N = NTG(I) + 1
NS = M ¢ 1

INSFRY SCALE FACTORS INTO T ARRAY,

TN = T{I(NM)
TNS = T(NS)
T(ANM) = [,"
1 (NS) = Lol



X(NM, T) = 40
X(NSy T) = 200,80
GALL CLIF (T, X€1,1), NTGC(IYy 1, 0, O
¥ (NM) = " NM
TINS) = TNS
c YN LS THE VFRTICAL LOCATINN OF THF RTL LABEL,
c
Y = X(NTG(I)y I) 7 200."
T€  CEYD = ¥N) LT 0e3) YN = Y0 = 0.3
¥0 = YN
cell NuMgen (Ge 5y YN, 0.1, pTL(T)’ Doty 3)
1 CONTINUF
C2LL PLOT (ﬂ.ﬂ’ ‘1.‘3, -3)
RETUON

END

IR ) &
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SUBROUTTNE  INFUT
CCMMON  /GIVEN/ V0, V3, GRWT, THRMAX, CF, T1, T2,
T3, TAU, CVR
(2)y RYC, RNC, DFR
FOMMON /PLCTRL/ DNIS, FOAG

LNGICAL

NTS, FPAC

DATA V0, V3, GPWT, THFMAX, CF, "1, T3,

TAUy CVP 7/

100. 0, 2P. 0,y
1. 0E05y) SefF 04y Ca2y NeSy Nely 140y 0e5y 0o1 /
NATA OFR 7 fo0 /
DATS DYSy FFAL /7 2 * FALSE. /
NAMELIST / IN / DFP, 0TS, FCAC, GRWY, TAU, T1, V0,
v
READ 1IN
RFTURN
END




e Ea)
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SUPTOUTTINE  OLIRUT (X, Y, T, NO, NINTG)
CCMMNAN  /GTVEN/ VO, V3, GRW™, THOMAX, COF, Ti1, T2,

¢ T2, TAU, VK
1 (2), PTC, RNC, DFF

POINT HFRADER

CTIMENSION T (NQ), V (NO), X (NO)

PFINT 17°°, GFKT, THRMAX, CVR, RTF, DFR, T1, T2, T3Z,

¢ v3, va,
1 PF, 1AU, RNC

PEINT =, v, X AFFAYS

no 2 K s 4q &

PRINT 174

T1 = 1+ 170 = (K = 1)

- = T4 + 49

T2 = FINP(T2, NQ = 2, NINTG)
no g 7 21y 27

PRINT 1NnZ, 7 (T), ¥ (I}, X ()

TF (1450 JLFe NINTG) PRPINT 103,T (I ¢+ 50),V (I

R+ BE)eX (T ¢

1 50)
1 CONTIMNUF
TF (72 oFEe NINTG o0Ofe T14107 (C74 NINTG) RETURN
PRINY 104
2 CONTTINUE
RETURN

100 FORMAT  ( 1H1, X, %GR WT, =* F8eN,

* MAX THKRUST

¢ =% Fo.,ly

b ¥ CYRH =% F‘.?, * CVFEV =%y FGe3y * RTL =% F5,3,

€ ¥ NFP = FE,2 / 4, *71 =%

z FOoeldy * T2 =¥ FBe2y * TX =% F6,29y ¥ V3 =% Fl.0,
*  ® oyp ==

3 F7ely * CF =% FBEe3y = TAU =% F5,3y * RUN NO, =*
¢ Fl.0 )

174 FORMAT  ( 1HOD, 2{6X, 4HTIMF, 2X, BHVELOCITY, 2X,

@ GHPISTANFE, 10X)
).
102 FORMAT ¢ 1H , 24P, 2 )
13 FCOMAT  ( 1H+, 4OXy 3FI0,2 )
6 FORMAT ¢ 1K§ )

£Mn

36
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DOoOoOOHOO

OOOOON

SUBFOUTINF
FOMMON /KETAFD/ IRT,
¢ (250, 4)
COMMON /FRAME/ XF, YF

DTMENSION

QUAC (rF,

N'Gy R7Ly Ty Ny

NT)

3PF (250y4)y ORF (25094)y RVF

NTC (N)y RTL (N, T (NT),

X0 (&), YO (&)

PLOTS # GFAFH FO? FACH OF FOUF "HRUST LOADINGS.
ZACH G~APH SHOWS THF FELATIVE CONTRIRUTION OF

b3 DPAG,
BRAKES, ANC THFUST RFVERSER.

NATA X0 /7 2e0y Goaly =40y Lo /
DATA YO / 5¢0y (a0y =540y Cof /
DATA Fly F2 7 G475y 1.0 /

YF = b4,/

XF = 30

CALL PLOY (1eCy 145, =3)

CALL FACTOR
"0 1L
cALL FLOT
NL

o 2 1

RVF (T, L)
DRF (I, L)
2 CONTINUE

NM

NS

TNH

TNS

T (NM)

T(NS)

RRF (NN, L)

BIF (NS, L)

Lhbll AXTS
$ 5.0)

TALL AXIS
? Ne25)

CALL CLIF

NALL CLIF

CALL CLTF

T (NM)

TINS)

(F1)
=1, &4

(XC(L)’ YO(L’, -2)

= NTG (L)

1, NL
RVF(I,
DRF (T,

nmnn

NTG(L) +

NM ¢+ 4

T (NM)

TN

1}

Sl
CRF(NM,
DRF (NS,

(PeGy 0oy

L LI (L { I 1 I 1}

(g.n, 5.",
(T, BRF{1,
(Ty RVF(1,
(T, DFF(1,
= TNM
= TINS

ANNOTATIONS

THRUST LOACING

L) + BRF(I, L)
1) « PVF(I, L)
b

L) = RVF(N¥, L)
L) = XVF(NS, L)

LHTIM™, =L, XF,
BHFFACTTON, 8,
L)y NTGILY, 1,

L)y NTG(LY, 1,
L)y, NTG(L)y 1,

CALL SYMBOL (149, 7405, Celfy, SHRTL
CALL NUYEFP (2659 Ne(5y 0e10y RTL (L)
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IS Ea !

¥aLs

¥TLS

2e2 ¥ RARF(22, L) = 005
24 * (BFF(3Ry L) + PVF(33,

e -

L)) = G.n5

CrLL SY“BOL (757, YBLE, 0410, EHBKAKES, 9.9, €)
TALL SYMBOL (0,80, YTLE, 0.1fy, 7HTHR RFV, N,0, 7)
CALL SY“ROL (2.15, 167L, 0.10, 44OUPAG,
CORTINUE

3hAKING COFFFICIENT

CALL
CALE
caLL
Cull
caLL
KRETUT
ENP

90e 0y 4)

SY“BAL (=1.00, =(}475, fe 20y 102y 040y =1)

SYMSOL (=Ne75y =0475, 0e1fy 1H=,y 040
NUME SR (=Teflly =M475, Na10, CF, 0.9,
FAGTNAR (F2)

PLOT (5efy =165y =3)

'N

s 43
2)
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SUBRNDUTYTINFE PREVTHR (YHR, CVR, VX, V, FRH, FRV)

COMPUTES HOFTZONTAL ANC VFRTTICAL COMPONENTS
OF RPFVERSE THRUST,

DTMENSION CVR (2)
IF (V (LE. V3) GO 7O 1

FOH = THF * CVR(1)
FRV = THR * CVF (2)
RETURN

NO RFVERSE THRUSY WHFN ¥ < V3

FPH = FRV = ", 0
PETUPN
FND
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SURFOQUTTINF SFCMLUF (T, T1, T2, T3, TAU, THRMAX,

. THR)

COMPUTES FAGINF THRUST EETWESN IDLF AND FULL
USTNG *» FTFST ORNER L2G.

IF (7 oLTe T1 (CRe T oGT, T3) GO 7O 1
Y HR = TERMAX ¢ (1.0 = EXPL = AT = T1) £ TAL))

FULL FOWER IS RFACKEN AT T = T2,
IF (:’ = 1) /7 TAU oGFe 5N oANDe T2 oGEe 360060)
LET:PN

THROYTLF ¥S PLOSED FOR T < T4 OR T » T3
THR = 0,

PETUPN
FNn




SUBROUT INE

CLIP (Xy ¥, My Ky J, L)

COAMMON  /72S2Y2M/7 <1, S2, LS

LCGICAL
NIMENSTAN
XTIN(X)
YINCY)
XNTN
YMTN
0Xx
B oy
e X1
Y1
S1
s?2
LS
51 s s
X2
Y2

X1
Y1
: S1
s2
1 CONTTNUF
RETURN
FHD

L T T T T TR T T [ I TR [}

nmuuwr

Si, <2

X (1), ¥ (1)

(X = XMTN) 7 CX
(Y = YMINY 7 OY
XN + 1)

Y(M + 1)

X(N + 2)

Y(N + 2

XIN(X (1))

YIN(Y (1))

J aGTs T
oFRLSF,

29 N
XINIX(T))
YINC(Y(I)Y

TF (J «GTe T) €2 = HOD(T, J) +EQs O
CALL AGAIN

ST (X1, Y1, X2, Y2)
= X2

Y2

+FALSF,

oFALSE,
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e

e Nul
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SUREOUTTNT  ACATNST (X1, Yi, X2, Y2)

CLTRPS THE LINF FYOM (X1,Y1) TO (X2,Y2)
fl e= % <= %F,y 0 €= ¥ «= YF

CCMMON  /FRAMF/  XF, YF
FCMHON  /2S2Y2¥/ S1, §2, LS
LORT AL S1y €7, TS

K? KCCE(X2y, Y2)

K1 KODF (Xt , Y1)

IF (K1 oF0Qs 7 .AND, K2 +EGe 1) GC "0 6
TF ((K1 JANN, K2) «NEe ") FFTUPN

IF (K1 «NFe N} GO TO 2

SWAF FNTS

¥ = ¥
X1 = X2
y L w T
> = Y4
Y1 = Yz
ve z T
K = K9
K1 = KZ
Kz s K
B s |
s1 = Q7
<2 = TS

TF ((K1 o8NOe¢ 1) o¥0e C) 6O 70 3

LEFT. STCE 4% = 0%

AGATNST

& = Y1 - X1 % (Y2 = Y1) /7 (X2 = X1)
¥4 = 0,f
GO 70 1

IF ((K1 «ANDe 2) «FQe () GC TO 4

RIGHT STIDF (X = XF)

Y = Y1 ¢ (XF = X3) ¥ (¥2 = Y1) / (X2 = X1)
Y1 = XF
GO TO 1

TF ((X1 (ANDy L) 4FO, 0) GC YO 5

ROTTOM (Y = M

n_=~n

<
-
n u

Ny o= ¥R ¥ IXE « X3} ¥ UVE = YI)




o0

[ Na e Ne Nl

GG YO0 1
IF ((K1 <ANDe €) 4EGe 0) GC TO 4

TOP (Y = YF)
X1 = X1 ¢ (YF = Y1) *® (X2 = X1) /7 (Y2 = Y3)
Y1 = YF
GO TO 1

IF WE FFACE KFFE, THF® LINT FROM (X1,Yi) TN (X2,
Y2)
TS VISIRLE.

CALL PLOT (X1, Y1, 3)

CALL PLCT (X2y Y2, 2)

IF (51) CALL SYMBOL (X1, Y1, 0,105, LS, 0.0, =-1)
TF (S2) CALL SY¥BOL (X2, Y2, 0,105, LS, 0.0, =1)
FETURN

END




FUNC TTON KCPE (X, V)
CCHMNON  JFRAMF XFy YF
¥ X 2 P

IE {X sL%a 026 X = 4
IF €X 6Ty XF) ¥X = 2
KY =z )

TF ¥ olTe Bef) XY = 4
IF (Y 4GTs YFY &Y = &
KQnF = KY ¢ KY
FETHPN

cND




