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FOREWORD

This repor t 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 Tuvbine 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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L . 1. INTRODUCTION

- 
One aspect of designing an airplane or evaluating the performance

of a proposed design is estimating the landing distance it will require.

- In par ticular , 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 lauding 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 ( I )

~uir 1 F is composed of aerodynamic drag , the brak ing force , and the

contrIbution from the thrust reverser. Thus,

F F dr + Fbr + F r~
. ( 2 )

where the drag force is a func tion of veloc ity and the brak ing force Is

the product of the friction coefficient of the tires and the downward

farce on them. The downward force in turn is composed of the aircraft

weight plus any vertical component from the thrust reverser. The reverse

trirust is equal to a reverse thrust coefficient times the engine net

r , r. st, and net thrust depends on forward velocity and engine speed .

Finally , engine speed varies with time. In equation form

Drag: 
~dr = f(V) (3)

Braking Force : 
~br Cf * (GRWT + Pry) (4)

~~~~~~~~~ Component of Reverse Thrust:

Frh Cv rev * Fgross (5)

Ver tical Component of Reverse Thrust:

Fry Frh tan 9 (6)
Where 9 is the discharg angle.

(~r ‘-. - - : ~r~ ss f (R P ~~, V) (~7)

* - . —._ — .. ~~~~~~ _.... ~~

L _ _ _  

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~



- -~~~.~ --~
--.n.,.- --.- - .---,-—-.. —.-.. --—-n ., n - -. -.—..-..,...-- _~~..- .. ~~~~~~~~~~~~~~~~~~~~~ -

- . - -

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

accord ing to a f irs t order log equation ,
= . F F — (

~max 
— Fidle) e

_ t/T (8)

where t is the elapsed time in seconds and t is a characteristic time.

At t/r = 5 , the transient is more than 997. complete. Idle thrust is

assumed to be zero so that

F Fm~~ (1 — e_t1’T) (9)

TABLE 1

Braking Coefficients

Surface Cf

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 = 4~, thus

dV F 10dt m

V
(t + ~ t )  = + ~t (11)

The time step, Ext, Is taken to be 0.1 seconds.

3
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2.2.2 Assumptions and Boundary Conditions

The aircraft is assumed to touch down with an initial v~.locity

Vo and the engines idling . At time T1 ( typ ically 1/2 second), the brakes

are applied , the thr ust reverser is deployed , and the throttle is opened

fully. Full reverse thrust is attained after 5 more seconds, at t~~ =e T~ .

Some time later, the airplane ’s velocity drops below a preset value V 3

(typically 20 ft/see) and the throttle is closed and the thrust reverser

stowed . This time is denoted as T3. The brakes are applied until the

air plane 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 conf iguration

used as an example here, the resultant reverse thrust vector was inclined

at just over 57 degrees, or very nearly one radian, from the horizontal.

Ccnse’~uently, the vertical force is not wasted , however. It increases the

~cad on the tires and thereby contributes to the braking force.

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

also a parameter in the analysis. The magnitude of the drag force at the

i-t rial velocity Vo is specified as a fraction of the aircraft gross we~g~ t .

r rcm this, a drag coefficient is computed and held constant for th~ duration

U’ ~h’ Integration .

in summary then, the landing scenario looks like this:

TIME VELOCITY EVENT

VU A rT=lane t - - , ( :F U E  dn ~ ’ -

L - - -.—-
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Ti 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, dif feren t 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 dis tance versus braking coeff icient 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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163 ,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 ‘ev~ rse 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)

i~i shown in Figures 2, 4, 6, and 8. Figures 3, 5, 7, and 9 show the

relative contributions of brakes, rev erser , and drag f or the same ca ses

(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

- -~~‘i hore. The vertical component of the reversed thrust is 1.557 times

horizontal. By forcing the tires more firmly against the landing surface.

it contributes to the braking force. A reverser which turned the exhaust

1?t more would of course alter the split .

Figure 10 shows that with the maximum reverse thrust it is

p,ssible 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

- , 

~e. but on ice the distance required is much larger than the 1400 foot

- linit assumed (the actual distance was some 2100 feet). The utility

: .~~~- jre ~O is that is shows the level of reverse thrust one must have to

~ .—~~t1cu1ar rolling dIstance. For instance, if the requ~ rei

maximum distance is 1000 feet for all surfaces, the reverse thrust loading

ru r ~i - .t ‘eas~ .3.

6
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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/see) 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/ see) to shut of f 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 uøed the parametric approach . For example,

DFB. 0.1 means that at the start of the calculation, Fdr/GRWT = 0.1.

F Defining CD = Fdr /V2 gives CD — DFR * GRWT/ V02. Figures 6 through 9 show

that for DPR < 0.1, drag plays a very small part, while Figure 13 shows what

can happen with very large drag forces.

7
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- 3. CONCLUSIONS

- The computer program described herein is a useful tool for quickly

obtainthg estimates of aircraft landing roll distances under various operating

conditions. It permits independent evaluation of the various parameters

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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APPENDIX A

Input Instructions

~~llout reads all ~ts input from Namelist IN. All variables are

initialized in Subroutine INPUT so tha t it is possible to run the program

~~Ip1yin~ a ny  ~~~~~~~~~~

T~e input variables are:

DFR Th e aerodynamic dr ag f orce at touchd own (V = VO )
evpressed as a decimal fraction of the airplaneH
gross weight , e.g., 0.1 Default is 0.0.

P[S 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.

CRWT The airp lane’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.

- I Ti Time after touchdown at which brakes are applied , thrust
reverser opened , seconds. Typically 0.5. Defau1t is 0.

,-~L~ pl~ n~ velocity at touchdown, feet per ~~~~~~~~~~~~ j)C f~~l~j t
is 100. Setting VO negative stops the progr~ir~.

V~~ocity ~‘e lo~ which thrust reverser is no 1on~ er used ,
t e ~~~t per -: ~~~,~~~~ • :. Default is 20.

22
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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 ~e 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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~~~

it
F r’(~~~QAM r OU. Ct , .7. (T~’P UT~~i~~i, OUT~ tiT , TA Or6 0U1PU1,

¶~r
(‘C”~4fl N ,r tv r ~~, VV , V~~, r-pw , THP~~AX , ‘~F , T i ,  2,

‘~ 
,•

~~, 
•‘
~Afl , rvR

I (2) , ~‘~‘C , ‘~Nf , “FF
cc~io’~ , ccr ,  ‘-

~~rc~~ r’p~ ,.• r ’ A r r ’ , 1r’~, n”ç (2 50,4) , ORF (251 ,i’), ~~~•
~ ( : ~~~,~~

)
rrP’HON / rLC1~~t/  rr~~, F~~$C
t r r,’~ ’AL ~]s , FFAC

r
P~~r THr Pr~’ K T N G  r~c EFFIC!Fw’ c FOR ICE, W ET ç

C

c ~~~~~~ ~~~ cr y  r~~,4eR~~rc ,
C ~~~ ~S ~ t-~ !‘C~ T 7ON Tft 1. CCI’PON~ P~ CF REVER SE rHRuSI
C fl TVT ~~~’~ E’1 V EH T rLE G~ OS~ w f T G W ,  THERE tS  ALSr A
c V r .T 1C~~1 rCt.,p(flIcNI, T~J~ RFSUU’~~N1 PEVF ~ SE ~ H~~L!~
C V f l W  ~S TN CL TP J F L $~ E7~~~7 CEG ‘O  THE HOI?IZ0N~~~L.
- 

r p A rNcT~~ CFF 14), C 1L~~~~~1~~) , W TG (4) , °‘L ( Li), T

‘ ‘ (2~~~) , V (? Sf l ) ,
I Y (2 ~~~~) ,  X~~~ (25’~,4)

~~~~~ / ~~~~~~ o.I~ , c.~~5, C.~~O /
r ’  / Q,~., 

r .~~, 0.3, t’.’S /
C

p~ifl
CA LL CL(I ’ (i.f , i.r , — 3)

I CPI .L INPIY
IF (V f l  .t~~. fl • ( )  GO ~ro 4

C
C DFR TS ‘~4F CFA G FOGf F ~T ~‘ V ’~ AS A rR~ CTI0 ,4
C DF G~ CS~ W~~~~~~ C44 I.

C ‘U’ 
~~~S 

)
~E FOU TV A L E ’ I~T CP~ G roEF~ rc IEp-4r.

OC CF. ~ c’W ~’ / (VO ~ V f l )
C

N’ I 1, 4
,‘~~~ = CFFUCr)

rv1 2 r P ~ = 1 ,~~C
r r ’ p ~ ~r ,r vcF~~~’ T Hc1J~~T ~~~~!IPJG~ FOP E A C ~4

‘~~K tP ’~ ~~~~~~~~~~~~~~

C A L L  ~ FR ~~~ ~~~~~~P ! r _  -

CA L t  ~c~’PL1~’~ ~~~~ v, — , ? c f l , P4rP4TC~)
~-‘,~o + i.n

~~ L L CU’”~~ (X ,  V , ~, 2~~” , HIW ’ G)
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NT G ( I~~’) NII4TG
D( ICF , IPfl

C
~“ O 2 T  = i ,~~~~ t V r c
XP(I,  1F’) = X(I)

2 CCN’IP.!J~TF (flY!) CALl. GPAP HIf~ (‘ , ~P, tJ~ C, RTL, 2’ ’!, 4 )
IF (~ RA C) C AL L QUA D ((‘F, i~’r , ~‘L , T, ~, 250)

‘ CONITNUF
CA LL CRCSFLT (t , CFc , ~TL , 4)
r.O ‘~ (I 1.

4 C$LL SY M6C L. (“ .fl, ~?,5, ~~~~~~ FTNT SHED~ , go.~, e )
CAL L FLOTC
~T flP
FP’P
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SUQ~ nUTINE BR~.Kr~ (COW ’ IV , T i ,  ¶ , #‘F, F~3 P)

C COMPUTE! E~ ?K ING FOR”F
C

YF U’ .I. T. I I )  co r~ j

FER = CF • OOW NF
~FT UPN

I F~ ° =

C

C MO 8~ A K Ec  FCQ 1’ T~~.

C
P FT liP N

— 
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SL~~’t~U1YNr (‘Fr (P’L
r CM P ~~ t.J / ‘~ RU!T/ FCP C f~~)C

C COMPL 1~~ r C ’V .  ~~~~~ • C O r F F . FPOI4 ~‘EV. T HR. LCADf l~C

C C~ ”°N /‘~~V F ” /  V t , V~ , GPW ’ , ‘I4PMAX , CF , T I,, 12,
I T~~, ‘~Afl , ~‘ vP
~ (?), r~~c , ~~~~~~ n~~r

a r~ WI / (1.02 • ~ GR 0 ( i ) )
C V~~(’) I.~~577 a

C
C i . S 57 7  T A , . (c7 .’ ~~(‘•)
C 1.Q2
C
C G UA ~~’ ‘ C - aIt~~1 P~ ’-ULT aNT r~j ~C

I F  ( C V ’  (1 .L~~. ~‘ .5t.~~3) 1F T ,,rP4
f
r v~~~çç r  

~~~ ~‘ $ 4 r ~ ~~~~~~~~~~ øw c ~ Iw~ 
rr  

~~~~~~ ~~~~r
‘V R ( I )

¶ C~~C (7) t.P41 r
• FGPC (j) ~1 C’~’W’~r

C j • f ’3 74 1.°2’” .54~I 3
C

• , ~~ T L ~~D 1” ~E r~~~Ur’Efl TO 
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~I~9~ OUT TtiC CC’FUTF CX , V , ‘, JO, NINTG
e’CpMON /GTVEP/ VO, 3, G~ W’, THR~ A X , CF , Ti, 12,

~ ‘Ti, T A U , CVP
1 ( 2 ) ,  PTC , PP-JO , OFP

C CPIPIOPJ /RETARt~/ ~~~~ P~ F (75!I ,4) , CRF (25fl ,4,), RVF
‘ (2~ t~,4)

C
C TM T~ GPAT ES ‘THE FO UATI O P~ OF ~~‘I(’N, F = ~A ,  IN A
C TAY LOR SERIES FXPANSIQ P-~, VIZr X(T+OT) = ~ (1) + OT~~(CX/flT ) + (CT442/2)’(C2X/t’T 2
C W Hc RF DX/f l~ = V
C 02X/C1 2 = = c/P
C F = rrAG • eRAKIN G + REV. THRUST
C
C ~rGIN
C

DIMENSION I (NO) , V (NO ) , X (NO)
C ’. = 0.1

= 01 • DI / 2.r
XII) =

V (1) =

1 (1)  = 0.C

Or’ = 32.174 / GR WT
= 3~co.rT i

PJPAY = NC — 2
t3PF’(1, 7P” ) =

N~~ ( j~ IR’~) = r.r
R VF(i, IR’) =
IF ~~~~~~ •GT .  ~•~~) 0’F(I, !~~T )  = u n

C
C !N1’cG~ -AT ICP~ L O O F
C

DO 3 I = 2, ~~~~
~ALL AI FPRA C (V U !  — I~~, C P A G )
r’A! .L F~4c.flJ~ (V U  — 1), P© ’~fX , ~tP4 t~RA S)
CA LL SFCOLUF (1(1 — 1), Ti ,  12, I3~ TA u,  ‘H~ MA~~,

‘ THr
C A L L  PFrHP (T HP , CV ~ , V~3, V t !  — I), FPH , FRy)
‘ ALL °FA)C~ S (GPW ’ + FPv ,  T I, “U! — 1) , CF, FBP)
TF (FRtI .6’. ~~~~~ FRt4 = FrH +

= rcA G • FRR • FPH
IF (FStJ)C .G. !~.fl) GO TO I
8”~iT , ~~Q~ ’ ) = BPF(1, TR’)

~)RF(T, T R1) ~ P F(j ,  IP”)
“Vr (I, IPT) PVF(1 , T~ ”)
GO ‘C’ 2

I FrF (I, “ Fl) F~ P / FSIJ P
ORF (I, IPT) a OF-A G / FSt’P
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rç’,4 / F~~UW
2 XC’ r’ - C M

= V U!  — I) ‘ “1 •
X ( ’ . )  X C I  — 1)  + C7 V t ! )  + 012 • xpr

= — 1) + f’T
C

C W H E~~
1 V DR ~~F~ O F L IW  V~~, 1U’~N 0” THRUST R EV E RS C ~~S.

C
ir (Vt’ .) .L~~. V~ ~~~~~ Ti ,G~ . 16~ C .Q) ~~ 

T (I)
f

A~~I~ W~ ~‘TOFFFC ?
C

IF (V U ! )  .lr . O. C5 ) C C 6
7

C
C I4TN~~G ~~ T, . r NUP’ -~FR OF Y P~’ t ~G PA? IO p~ ~T E°S.
C

!:4 N T w r G  1~

~F ( 3  •G~~. ‘ fY ~, C )  ~~1 “ ( I )

r r ~ ur ~p,~
F

I
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SUBFOUI INE CFOSPL’ (O~ ST , C F F , ~‘L, N)
CCMM0~ /F~ A MU/ XE , YE
(iIMEMSIOP~ BC (6) , C EF (N) , 0151 (N,PJ) ,  ~TL (N) , x

S (6)
D A T A  YNUM / 6. 0 /

C
C PL OTS IHJOIhG ~~~~l A N ~~E VS P PA ’ (Y r G C0~ F FI~~IEN~C W T T H  rFgEp~ F “HPUS T LOACYNG 6~ ~ PAR A N~ TE R.
C

X (5), X (6) / 400,0, 200.0 /
P~ TA P’ (5 ) ,  6C (6 )  / (1.0, ...i /
XE = 4 .0
YE = S . C

CAL L P~ O! ( 2.0 , 2. 0, — 3 )
(‘feLl A X I~ (0.C, 0.0 , 13HflRAKIP’IG COF F., — ii~ XF ,

~ c. fl , a c (5 ) ,
I 9~~(6 ) )

C~ LL A X T ~ (0. ” , ~~~~~~ 8HnIc1A’~JCE , c, YE , 93. 1, X ( E ) ,
~

C e LL  ~V~’Bt~L ( !.5 , 4 .9, ‘.1, ‘HFT L, J.0, 3)
Vt’ Y P-UM

C
CD I I = 1, 4
~C (I) = ( ‘ F E C T )

1 
(
~~~T IPJUF

C
~~~D 3 1 = 1, P-’

r) c)~~~~~J
X (.!) = DIST (J, I)

2 CONT P3UE
t-L L Cl IP (EC , X , I ’ , 1~ * ; , I’)

C
C Y LCCA’TCP. r’ ~~~~ 

rEv rps r ~~HRIJCT LOf ~0 ING V A LLE
C

YN = ( X C - 4 ) — 4~~!.C) / ~~~~~

C ~~~~~~ ~~U I E  ‘HEY CDIJ’T OV r ~~~AF’
C

ic ((VO — V P - )  .11 . ~.3) ~~ V’~ — 0.3
= Y N

LA L L  NU EER ( ‘v .5, YM , 0.1, ~T L ( T ) , 0.~~, 3)
3 CO”ITI~JU

— CA LL °L0 (P 1(~~~ —2 . 0 , —:‘)
‘

F i r
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SU~~ OU~ TP4r ‘ P - G T~~~ (V , ‘~~~P1AX , ‘~A !~”PAG)rCP -Mc~N / HRU~~ / FGSL (~~)
OIMF-~ cTo’ FF51 (5), V~ L Ic)

V~~ I / t . f , 6c .P2, 111.64, 167.46, 223.28 /
FC5L / ~~~~~~~~ ~~~~~~~~ 4o 3n~ ,q, s o o o o . r ,

~ c~
o~ o 1 ’ /

f l4 ’A ~~~
“

~~~ t / .
.~~~~

‘ ~~~~~~~ 51f1 ’.~~, 7?OJ. tl , 1 07 0 t . C
~~~1

C

C 
rs ,A ’~~ F ” C OK r tG~’F~E ‘I 5E” LFV c1.

C ~GS 1 ]~ GPC5S 7H~ UST (C V j .f~).
C r~~~~~~~~TC “$-i r Pt I. 

~PAG.C
C C’Ip~r ~ 

-
~~ ‘c’ . ‘~~~~9 1E

IF (V .G~~. VSt (~
) )  GO ~rl 2

IF (V .‘T. Vc1 12)) CC ‘1 1
I
GO ‘0 4

I I
GO ‘~ 4

2 .F (V .G’. VSL (4)- ) GO ‘~~
: 3

T O  4

1 :4

c ~~su~r ‘~~C T~~
’
~~~~~

I~ 7 : (V  — V~L(I)) / (V!L(I 4 1) — V S L ( 1) )
2. • “c~~L (I + 7 • CFG’~L(I + U —

~ ~
G5
~L (T)))re~~~~Ar , = 2.” * (

~‘O S L (T )  + 2 * (P051 (1 + 1) —

~

F ~~

r -

-~~~
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~u~~ our Yr~ ~r p ~~rc C’ , X~ P~ C, “L , Nu , IC)
CCM~Y)N / C IV F P’/  V ( , ~/3 , GPW ’ , !HPMAX , F , I i, 12 ,

$ ‘1 3, AU, CVP
1 (2) , ~~~~ t~NO , ~rr

C0MP-l0r~ / F~v A M F/  XE , YE
OTME~4S1OP-: N’

~~~~ U’O) , :~~t. (PlO), I (NW , X (N0,MO )
Y!~UM / 5.7 /

C
C C N  I IN’ CALC CP F
C

D°AW A XES A~ D PLOT X VS. I
C

XE = 5.,:.
Y F  = 6 . t
CALL PLO’T (C.(, 1.5 , —3 )
O~ LL AXIS ((1,0~ ~~~ 4H’.I~ E, 

— 4 , X E,  J . 0, 0. 1,
I 4~~~~J )

CALL A XIS (p .C, 0.~~, 8HnISTANCF, 6, YF, 90.0, 0.C,
~

0

C A P ~ JU1~~~E
C

CA LL SYHB CL C.3r , ~ .8 , 0.14 , 1~ 2, 0.0 k — 1. )
CA L L  SYMbOL (~

. .k5, 5.6, 0.10, III:, ~~~~~~ U

(‘A LL NUW EN (0 .65, 5 .8 , ..In , (‘F, .0 , 2)
C’LL SY~’~ OL (C. 3’~, 5.6, 0.10, 5HCF~ =, 0.0, 5)
CA LL NU~~ Fr (0.90 , 5.6, u.1P , DF~ , 6.0, 2)

C
C :r?AW BOX
C

CALL PL 0~ (0.2r , 5.9, 3)
CELL PLOT (0.2~ , 6d, 2)
CA LL PL OT (1.35, 6.0, 2)
(‘ALL PL O” (1.~~5, 5.5, 2)t~A 1.L PLOT (~~.2n , 5.5, 2)• C
CPL L SY HBO L (k. c, 5.9 , “ .1, 3 HPT1~ 0.C), 3)

= VP -JUN
I-

- I o~’ I T = 1, MO
= P-JTG (I) + I

N c

C
C I~~S P T  SCALE F C’T O PS INIC ‘T ~~~~~~

H C

-~~ ~~~~~~~~ 
T fl.jp’)

• = ~(NS)i’(~JM) =

~ ( ‘~~S)  = 4. 0
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C A ’ L  o L~~~r (~~~ Y (1 ,I), t’’C(’.), 1, Q, ~‘)
~ ¶ -

~
• I-l ) =

=

~~ V~ F’.TL~~L L O C A T T ~~N OF ‘H~ ~~L ~~~~~~
X (NIG(I) , fl / 2CQ.~r r  ( ~y r~ — Y~ ) .L

’.. i~ 3) y~ = —

~~LL ~~~~~ 3rr’ ( L 4.~~~, YN , 0.1, c~TL (fl, 0.0, 3)
C- O~:~~I’Jt’CPLL r1~ p r 

~~~~ j,5~ 
_

~~ >
N

-

~

-- -- —--



_ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - _ _ _ _ _ _ _ _ _ _ _ _

SU~ ROUT T P4E I~ FUT
COM MON /GTVEN/ Vfl, V3, G~ WT , TH9MAX , CE , Ii, 12,

~ ‘Ii , TAt), CVR
1 (2) , R’C, RPJC, O FR

~CMMON /PLCTPL/ ris , FOAC
Lr~GICA 1 015, FP*C
OATA VO , V3, GPWT , “WEPA X , CF , ‘1, 13, TAU, CV P /
‘ 100.0, 2’~.C,
1 1.OEOS, 5.0F04, 0.2, “.5, t’.C, 1.0, 0.9, 0.1 /

OATA OFF / r .r /
DATA CT!, F F A & ~ / 2 • .F~LSE’. /
NAMEI TSI / IN / DFP , C’TS, F0AC , GPWT , TAt), TI, VU , 3

~
PFA0 IN
RcT URPJ
ENO

I
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=

j~~r- -f U ” Tp4~ (‘(~~~UT (X , V , 1, NO, P-J’NTG)
C C”P1~”N / I~~J~~~€ ”P ~’/ vO , V3, GFW’., ~ UO NA X , CE , Ti, T 2 ,
! ~~ TAt ), “ V~
1 ( 2 )  , c- r’, FWC,  CF~’

C
f’ C) ’~~I~,f1’ HC~~OFF’
C

‘ (‘~O) , V (NO ) , V (‘~0)
PcI’;’ 1”’ , Gr Ie’, THRMA X , (‘V P, PlC , OFR, Ti, T~~, T~~,

+ V ? , Vi),
I 0F~~ ~~U , PWC

C
C rrn~” 

‘
, V, X AF ~’AY5

C
f lO 2 K 1~ 3
Pc’’N~ 1”i

= 1 4 j f f 4’ * (
~~( — 1)

“2 = “1 + 19
T2 : PTWC (12 , NC’ — 2~~~ NIP-JIG)

~
‘
‘
~ I ‘. “1, ‘T2

~~~~~~~ 102,  ~ 
(I), V (I) , X (I)

3 ‘F (I+~ 0 .1. PJI NTG ) ~‘PINT ~~~~~ (I + 5~~),V (I
~ + 5~’) , X ( ‘  +
1 90)
I

‘F (1 2  .‘~E. P IN’.G .0f.. 1141(1’! .( . NIP-JIG) ~~~ Y cN
F OOIN” 104

2 CO I~T’T~J (I~
PFTUF N

r
1. ~~0 FOPM~~T C 1~i1, ‘X, •G1~.W1 . =~~ F8.fl, • MAX THRUST

~ =9

• C’J~- p  :~~ * CV F V =~~, F5.3, PIt. ~~ F5.3,• “FP = FF .3 / 4X , • j

~ F~~.’, • ‘2 = FE.2, * I” 4 F6 .2 ,  • V3 =~~ F7 , C ,
• ~ VI , =~~

3 ~~~~~ CF =~~ F5.3, * TAt J =~~ FS ,3, * RUN NO. =

~ F’.0 )
j~~j F”’t”4b’ ( IP-tO , 2C 6X, 4H’IPF, 2X, A )4VELOCITY, 2X,

- - - ~ ~3Hr~I~~TANf’~~, jOY )
I )

i ’ ’  
~~~~~‘~“~~~~~‘ c 1~ , !F1r .2

~~3 ~~~~~~~~~~ I IH+ , t r Y , . fc ’ 1~~~, 7

~ 4 :~~~~
_
‘~.4~~’ C 1)-I )
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~,UBC’OUTINE OUAC (~~~, ~‘G, ~
“.L , ‘T~ N , NT)

C OMION /~.C- TAF t / 
7?T~ ~PF (‘50,4), DPF (250,4), RVF

~ (2 5 ( 1,4)
COP~MON 

jr~~ p~~, XE , YE
(‘THE W~ 1O N NIG (N), RIL (N), T (‘1’.) , XO (-4) , VO (4)

C
C PLO’, S a’ GEAPH FO~ ~‘A CM CF FCLW ‘ HRUST LOADINGS.
C EA CH G~- A PH SHOWS THE FELAtIV E CC’NTPI~ UTION OF 

-

C rF’AG,
C 8~~A KES, A N C  TH PLJST 1?FVFRSER.
C

(‘ATA XC) / 2.0 , 4. ), —4 .0, 4.0 f
PA TA VO / 5.0, 0.0, —5.0, C.V) /
DATA Fl, F? / (‘.75, 1. C! /

=

X E = 3.)
CELL PLO’ (1.C, 1.5, —3 )

~,~AL L FAC’0)~ (Fl)
“ ‘ 0 1 1  = 1 , 4
C~~LL. FLOT (XC (L), ‘(0(1.), —~~)

= N~G (L)
0 0 2 1
RVF (T , 1) = RVF (I, L) + 5RF(I, I)
DRF(I, I) = DF~F(7, ‘) + T VF (I, L)

2 CONTI NUE
= NTG (L) + 1
= NM + I
= T ( N H)
= T ( P~~

)
T ( N’ I )  = 0.0

• ‘T (P’4S) = 5.~F~~ P’, 1) CFF (NM~ 1) = ~‘V F( N” , L) = 0.0
~
,- F (MS, 1) = CPF( iIS, ~~ = ~VF (N~ , 1) = (1 .25
(.MLL AXIS ~~~~ 0,0, kHTI~~~, —4, XF , 3.0, (1.0,

~ 5.0)
‘
~A~.L AXIS (r ,n, ‘.0, RHFFACTTON , 8, YE, 90.0, 0.0,

~

C\LL CLIP r , BF- F( i ,  I), P4 ’G (L) , 1, 1, (1)
CALL CLIF (I, ~VF (t, L), P-JTG (1), 1, 0, 3)
CA LL CLT F IT , C~~F(1, 1) , P-~’G(L) ,  1, !‘ , 1)
‘ ( N M )  = T P’JM
1 ( N ~~ ) = ¶NS

1’

C ANNOT A T ION S
C
C )HRUS’ LOAC’IP ’G
C

CA LL SYMBOL (1.9 , ‘~.CS , G.1~~, 5H’~IL , 1.) , 5)
CA L L NU EFP (2.~~, • .r9, (1.10, FTL (L), 6.0, 3)
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I

Y~ L~ 2.~ ~ PRF (3P , L) — 0.05
= 2.0  • (B~ F(3F, 1) + ‘V F(38,  L) )  — C.~~5C’LL ~Y -~~OL (‘.5r , Y B L E ,  0.10, ~‘-CBkAIcES, 1.0, 6)

“~A I L  SY~ BOL ((1.50 , Y~ L’~, (1.Ir , 7HT HP ~FV, 
0.0, 7)

~-4LL 5Y-~~OL (‘. 19, 1. ~~~ 0.10, ‘4’4L PAG, 9(~. fl , 4

j

C ii ~~~~K ) N G  COFFFT0IFWT
L

CALL SY ’ BCt. (—1. (1~~, — 0 .75,  (1.20, 102, 0.0, — 1 )
~~~~ SY~~ OL ( — 0 .75 , — 0 . 7 5 , 0. 10 , 1H , C’. , 1)

C~ LL NUMF~~P (—f .FP ~ — “ .75 , ‘!.l(1, CF, 0.1, 2)
CMI L F’t. ’~’ (F?)C f t L L  PL~” (5.~~, —1.5, —3 )

- - 

a 
_ _ _ _ _ _ _ _ _  
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SUAPO U’TPJF PFVThR U” Hr ~, CV R , V !, U, FRN, FRV)
C

C COM PUTES HCFTZC~~ AL ANC V rPTTC I L CON DONENTS
c or ~~VFRSE TIJRUST .
C

oTMFNcIopJ (
~VP (2)

IF (V .LE. V3) GO ‘TO I
FPI4 = 1WF • CVP( i)
F~ V = TI4P • rvp (2)

• C
C NO PFV E~ SE “HPUS” WI4 FP’ V ‘C V3
C

I FPH FRV = .0
PFT U PPJ
F pan

I

_ _ _ _ _  _ _  _ _ _ _ _ _ _  
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5~t P” f l U’ TNr cF~~’~ U0 (T ~~ ~~, ‘2, 13, TAt ), “ H’PIAX ,
~

C
C r)WF’L~~~ ~I~CIN~ ‘HRUST E~~ WECPJ IOL F AND FILL

t~S7~ C FTI ST C~ ’’ER ! 5C .
C

IF ( ‘ .11. Tj  •C~~~, .GT . ‘~~~) 0,0 ~~(‘ 1
• (1.~ — r~~~p(  — (1 — TI) / TAL ))

FULL ~C~.ER I! “E’C14r ’) A~ = I?.

IF t (’ — ‘1) / ~~U •GF. 5.0 .AND. T2 .GF. 3600.0)
‘~~‘T 2 = ~~ 

—

~F’TUP’J
C
C O~~~LF 75 “LOSE C F”P I c ‘TI 0” 1’ 13
C

I 1W” 0,0

PFTU~~N

_ _ _- -  -- 

S
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5U8ROU’TIN~ CLIP (X , Y, ~~, K , J, 1)
C~)MMON /Z~ 2V Z P~/ ~‘1 , 5?, L~1 Cr,iCiaL Si, ~~‘
0T~~ NST”Pa X (I), ‘( (I)
XTN (X) = (X  — YMIN) / CX
YIN(Y) = ( Y  — YMIPI) / C’!
XNTN = x (N + 1)
VH TPJ ‘( ( P + 1)
ox X (N + 2)
D Y  = ‘ ( ( N  + 2)
Xl = XTN (X(i))
VI VTN (Y (1))

= J .GT. r
•FAL~ c .

i-c = 1

“0 1. 1 2, N
X2 = XTN(XU))
‘(2 = ‘(IN(’((I)) —

IF (J •GT , 1’) V2 = MOO (T, J) .EO. 0
“ALL AG AINE1’ (Xi, ‘(1, X 2 , ‘(2)
Xi = X 2
Vi = ‘(2 H
Si = •FA L~ F.• ~2 .FALSE.
CONTTNLJF

PF”U~ N
FP~C’

I

41

-1



_________________ 
-.-———-v-. -‘~~~~~ ~~~~~~~~~~~~~~~ 
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~~~~~~~~~~~~~~~~~ 
—_ _

SL~~ ’~~UT ” ~:~ ~r- t1~~~i CX I ,  vi , X2, ‘(2)
C

C CLTP~ 
‘ ‘-

~~ i ~~ F~ 0” (X1, Vi) ‘0 (X2,V2) A’ ATNS I
C ~‘ )( ( ~~~~ 0 ‘V <= VF

I

OCH UON / F ’ A M r /  xr , yr
“ ri)4 rN /7~~2V7V / ~~~~, S~~~~, 

ic
~~i , e7 , ic

Y rr ~- ( x ? , ‘( 2 )
i < -

~ 
Krr~ (Xi , ‘(1)

IF ( V 1  •F(), •~~~~fl. K? .Ff’~. 1) CC ~fl 6
‘YF ‘~~~~ ~~~~~~~~~~~~ 1(2 ) 

~~~~~~~~ ‘)  F”~~tJ”N
‘0  (I” I •

p r • ‘!~~ r r ’  ‘‘! 2

C
( ~.wAF 

r i j r ç

C

Xi
“1 = Y ?

I

= Y j
VI Y2
V ?

1<
K4

-
~~~~~

I c

H

“ IF ( K 1  .‘W C .  ~~ ) .t ’ ~, ~ ~C “C 3

r L0
~~ ~~~~F C X

v t  — x j  * ( ‘ (2  — ‘~~~ ) / (X2 XI)

IF ((XI •~~~r • 2) .F~ . C’) (C “0 4
r
c TcI~” ~ir~ (~ 

)(F )

H 0
4 (Y~ — “1) ‘ (‘(2 V i )  / (X ’  — Xl )

v-j

rr 
~~

-~ t F  C ‘“1 ~~~~~ L )  • V~) r )  ‘~C 
.C ‘~

F.

• $ ( V  3

— ‘r~ — XI) f f Y ’  — V j )

= 0 • ’

/ . 2

L 
I_
-li 
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‘
~~~~~~~~

-‘ _~‘~~~~~~ ._ a __~~~~
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(“C ’O i
c IF ((Ki .APaP . t) .EQ. 0) CC “0 1

C

C “‘~P ( ‘( ‘ (F)
C

Xl = XI + (Yr — VI) • (X2 — XI) / (‘(2 — VI )
V I = YE
CC ‘0 1.

C
C IF WE “0ACI’ HEPE , Tw r 1 1PJ FPOPI (X i ,Yl )  TO ( X 2 ,
C ‘ (2 )
C IS VI5~IPLE.
C

6 CAL l. PL OT (Xl , VI, 3)
CALL PLC” (X2, ‘(2, 2)
IF $1) CALL SV P~BOL (Xi, VI, ().10~~, IS, 0.0, —1 )IF ($2) Ca ’LL SYWBOL (X2 , ‘(2, 0.105, t~S, 0.0, —1 )PETURN
ENP

IL _ _  
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Ft” ~~~~~~~~~~ K r r ” - ( V ~ ‘v )
r~~ ~~~~~~~~~~~ ‘~‘F , IF

!F (~ .1— . ~‘•fl I
‘F (~ • r ’ . x ” )  ~~~~ 

- -‘
K ”  — n
‘ “  ( V  .1.~~~~. :.r) K’~’ 14

F (~~ . G .  ~‘~~ ) v v  — pvr~r K ”  4 ~~~~

j
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