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Thin pnpp ..... suem-arf.zes cur-rene ..... csearch for
incygasing t~p pfl~lcienc)' of traffic flow at hub
airports f,V a pp I t.ce t tcn of four di.mensionnl (4D)
gu tdance t echn t oues. A method for g ene r-ot f ng IfD
guidflr'ce commands to con t ro t the landing time of
a t r c re t t that a re pot equipped with on-boe rd 4D
gu tder.ce systems is de scr f.bed • In one possible
implementation the commands are gene ea t ed in an
»uv tl La rv processor linked to the ATC host
computer and displayed on a cont ro l Ler's monitor
in the form of profile descent' »dv t sor t e s .
Accu re t e t Ime contro L is achteved by s ener at tng
air trRffic controller advisories in a grnund
based algorithm tba t combines ac r-odvnamt c , thrust
and a tn-osphe r t c models with AT' efficient nume r Lcs I
integration method. Tn .. c tme accuracy and fue t
efficiency achieved when the pilot responds to
tl18.S2 advt so r te s we r e evaluated in a piloted
-si roul a t Lon of a transport a t rc r af r .

Inr roduc t t on

Recent vee r s hAV'" seen a con tInue-d Incr-ease of
congestion in the Dation's air-traffic-control
svs r em, resulting in delays and fuel wa s t e
especte I Iv ar- those terminal n r e a s des t gna t ed by
e t r Lt.nes AS operation "hubs. U This s tudy
tnveRti~ate9 the use of 4-0 or time-controlled
approaches to handle traffic more effectively at
congested huh et rpo r t s . Although the t ec hno l og y
exists to implement accurate liD guidance syat ems
on boerd e t rc r-af t , n crucial obstacle pr-evenr tng
the earl v introduction of ijoO te c hrtlque s is the
VIC).: of n me t hod to r accura t e Iv control 1 "ng the
l and t r-p time of those aircraft that wt Il not be 4D
equipped for mnnv V02TS.

A concept for controlling the A..... riv21 times of
such unequipped aircraft by iSBuing to them speed
profile advisories has been developed to deal with
this problem. An algorithm has been oons t ruc t e d
to 'imp Lemen t: this concept on a ground-based micro
computer linked to the ATC host computer. By
modeling how the typic21 pilot flies a deBcen~

profile, the e l go rt thm p r e di c ta the arrival t Irne
based un the current n 4 r c r n f t altitude, position
and Fpeed. It then computes a range of possible
e r rtva I times based on ooe ra t t ona I limit3tions of
the aircrpft. A contro1ie]" or autnnated scheduler
sel ec c s a F--ee tb Ie ,1'rrivi11 time and, in response.
the:gndthm computes c l ea-nnces to issue to the
pilot 1n order to meet that time. The~e

1 take into account type and weight of
;;1 rc ra t r , w Lncl profiles ntmospner:Lc

fhis paper Is declared E work (tf the t' .S.
(;oVentlfiA'Il! and therefore is in the publ!c ccme!n.
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conditions, aod are comna t tble with n l rli ae
procedures ~lnd PAA rc gu Lac tons . The cs s e n t inl
features of tllis algorithm were descrfbe~ in R0
1

This pilper bripfly descrihes the selection of
dPYCf'IIt speed preftIes, the profile generation
Algorithm, and the r08uIts of an experimental
evalue r ton of t-he »e thod ccndcc r ed on an
nJ.rl:ine-trninlng-qui11ity -tr-u l a to r of a 727
nircraft.

The touchdown time of the n t rc rat r is
controlled by appropriate choice of the dlrspepd
profi.le during descent. All speed profiles
nene rn t ed by the de scent Algorithm conform to
s tande rd airline ope rar tng p roce du r e s for subsonic
jet transport aircr2ft. Tn this procedure the
pilot begins the descent from cruise altitude hv
reducing thrust to nPRr flight idle and using
pitch attitude to hold 1'1:)ch number f t xed a t »orne
constant value. Sufficient thrust is ma Lntn tned
to limit descent rate to R specified maximum,
typically 2500 ft/min. As the n t r-c r at t descends
at constant Mach number. the calibrated e t r speed
((:AS) increases s t e ad t Ly . when the pilot's speed
lndirntor has climbed to a sperified value. he
initintes trjckfng of the target CAS. At 10.000
t t above ground levAl the pl lo t reduces the
de-scent rate briefly if'. order to decelerate to )50
knot." CAS ilR required by ATe r-eguLa t Lon .

Control of arrival time is achieved hy
appropriate choice of deRcent Mach pumber and CAS
within the speed boundaries of the aircraft. A
single parampter is used to generate the complete
family of p ro f t Ips between the no x Lmum And minimum
speed boundaries. However, the dependence of the
t ouc hdown t Lme on this parameter is ext reme Iy
complex and oon-Ltne ar , and therefore Lt e r-a t i vr
procedures mtlst he used to C'21culAte the value of
the parameter that gives ,'Cl specified arrival time.
[terntion is initiatpd by setting the parameter so
the extrpmes of the speed envelope are generated,
thereby detprmining the maximum And m1nimtm
arrival times. If the specified time falls within
the permissible time interval, iteration continues
by a directed trial and error technique Ilntil
convergence is acb t eved . Ot he rwt se , t he
controller is informed the specified tine is
ou t s tce the i1 lnW,'1blp l Re f . 11 I

I

I
I



ion';

<Ie lee ted i n the
t tc ratton , the cor>c~~pnndln}/ drsre n t tr'l)d.'trr'7
.md nr,j, ,1 t Lme s, m-r- :\fculntcd hy tnt egrnr Lon
RinplLfied ',;ef c,f po i n t m;; equa t tons Lf mo t t ou
'rb Ls ]l]r'thr"l ,lcllievc<,' the b t cbes r pc' sIb le t fo.c-
;)i'CUYdcyincl>i t r.ar' (,j 1 acccunt "or rhr-
nin~r;lft', dcrodvnnI"l c and p ropc Lston modc tr. ,":~

we] I ns the win') -nd ntmospllcric 0011('1t10ns.

It t~',lS aSS\lmel' tba r t h r-r-r ;:J1<:1Ut mos t the
(!erc,»nt, rl.e pilot m;!fnt,"ln~; e t rhe r cons t.m r ~'Fch

-urabe r or cone rao r CAS. Thit~ es sumprtor r-nn h ...
llsell t" simplify tllc cQtlatjnn I" motion to two
irst order ,Ifffprenti 1 equations ring ap

-rth fixell coordinAL.' ~vstern wit" as the
h:rizonta1 and 7 tbe -oc- ticnl a x f s the c(}mTW~F'l1CC;'

ne r t tn t '-'"lucitv U dnd 'A' t ha r must he
integ,dtl'd a r-e :

'oN'

in all exprer'i,'dc)1ls :i1'!O'Jf' the "mall ans te
anorox tma r ton C;1n be lIse!! t o r-val u.sre <f ne (1nel
r-ce tnc f cnc r tons • "[ie dras i oe r r t c r e nt tnvo l vcd

in ral rul a t.Lnz n if:' 'f:p"f'sent"><l l.v polyncnlinnl
f'lnct!nT1s in t1\' lift coert tcIen t nnd rhe ttach
r-urnher , Such t uncr ton s must ]-J' df'\!(dop"d for' al l
ni1"{'-;11t that ill'(; <uli l ec t to tLn.e cont ro t 11"in;;;
th merhnd , in (ldditiml, max trcum ~'11(i idle thrust
:ll11es covprfnr the op0'otlona1 pnvplopp of all

pnrt tctpn r tnc afrcrafr musr he suppl Ls-rl a e, input

the alvo'ithn'.

Attention is directed tc tIll' last f:1ctn]" in
pa r r-nthc se s :in equa t t cns (1) nn'l (!,), Th;,; rec rc r
corrects the flf~tlt rnth .'Jnglp fOT the pffret of

';,'ind sbear , The ertec t of W'indt:11P;lr

manifest:,; j in the descent troiectory 8S 8n
0xpansian or contrQction of the rli~tQnce to
de!',~end f r-or- cru t se (,It'ftud0, For il c t nd shear of

knots per lono ft altitul!e, tllP end-of-descent
point of ~Il aircraft de~rending from 35,000 ft I'an
2hjft more tllan 5 021]tirn] mileS fn.m. from the
r-omtn ,1 point.

F

,,+I'T'f' is the t r us- ;11rrq:H"0d, the aerodynnmic
f1fgl1t til angl" -)'(1 IJ the horf zon r n! ccrnpor-enr
of wino • Bo caus-r- ef t-h~ iJ;:;;umption on the speed
profile. Vr can he wr1ttcn as an eyplicit function
of the .rl t i t udr- 7, The (''''presh'ion is roo
'l1mhcrSome tel he deve l opcct here but C:m he f ound
1r' Pc f !

The acrodvnnnic flight pat h angLe , ,is
.se r crn.rned bv cLn '8ing 011<' nrc three commonly u:';et1
fli~tit rath contrl)' rpchn{qtl~s: (1) Constn~t

t hrus t -v-t t ing , (:') ccns tar-r dc~~cent rate, end (3)
,:t" 'd:('pt tne rt.t»J flight pnrh ang l e . The
nlpcT'ILhn Lmplcn.on r, ;;11 tbre,) r e chnt quos Lilt t-hr
con crcJ .le r must: enr e r the cho rce a c rua j iy t'sed bv

p.rr c tcu Lar .virc r.t f t . Fvpre ss tcus fOT ,1

e pp l tcab Ie to t he U);) .tor-t MArl-; and constant CAS
segments, respectively, are as fill10ws:

Tf the descent '6 flo':.m at ,'1 Iwnr-idl0 thrust
sor t tng , \>Jhich is the most common prr cedorc in
a i r-Lf r.> I l f.ght , 1,\ ts obtat n ed r,nm Nluntinns (3)
;ind -, hv sr-r t in;:; to its tnlrtimurn or id c va lue .

Equa rl ons (l) and U) :11'0 intPi,";,ted hv ;1

four tb order Funge KutL1 scheme developed in [31,
It has the advantage nf g tv t na ac rurat.e r e su l t s
with largf' stpp sizes And of not requirinR
s-vz l ua t i on of dertva r tve s . Tf "c represents the
rime increment, then the stateR A. 1 at tIle
(j+llst time jncr0Fent are d('terml~~d four
~ets of sequentially cIlmpllted state increments as
follows:

1 t)

X r s t)1

'"j I + t)

%, I)t

(g +

< < ~),

(g + 1,

) (1

ons taru
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< I

exp r- sst ons , T
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thrust,
1" )"i!I:11 number, 'f'

dr-ag force, vh t eft i"
force T Li fr is
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in s ft
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idle rllrust de scent and the chc f ce o : tll" po t nt of
descent C';' to ('lin\;1 :,t2 iT\1'/ f\~,f1 vas t t ng t oi t e r
fLi aht et: the r. rmt na l Alt tude of lO,n00 f r

'1'110 resul ts ';;f the imulat10n "ms, summa.c17cd
in Table 2, show ({ !;tr:Udng reductLon in the
vRriab1litv of arrival tlmps for the profile
,'le;;cent cnses c:ompnnld to thc, b8se line C'f1se. The
variability, which is defined as the difference
hetween the carl iest 2nd latest 31T'1v31 times for
All profiles of a given type, is reduced from 196

I

of the method was conductp~ on a
I 7:/7-200 pil-rrilft s1muJntor
r oc e n tl v compl e t ed v n\ -vehj c l e
Facil1t\' at Amp? Research Certer.

Ar cvo Iua t ton
,<:;0-1'''' 11 f;e] Phase
tnsr.aI led in the
r~'J: tems Pi ,"'P.' , 1'1'1

After comp10tlng the base line runs, pilots
flew thrpe tYpes of profile descents refe~r0d to
3S nom Lna L, ",low and fast. The corresponding
speed profiles were Mach 0.8/320 Knots, 230 Knots,
and xach 0.84/350 Knots. The slow and fast
profiles represented the usable extremes of the
aircraft's speed envelope. An experimenter
located at t11c engineer's position in thn cockpit
issued s treu lar ed a i r traffic control clearances to
the pl l o t s . Pilots were briefed or the tmpo r r ence
of exer-c ts tng care in following the profile
clearances. The clearances specified DME range
for the top-of-descent point and the des cent Mach
numbp, and calibrated airspeed. The clearances
had been calculated off~11ne by the previollslv
desrribed computer program ~nd were printed o~ a
coa.pa c r fo rs, ccnvenf ent for use by il controller.
Eac h p r of tl e except the L1."'t descent was flown at
:hl.st [(:;UT time". Thesf' rr-La r tvel v f e v s Ieu l at ton
,IIGS for each profile type ATe thought to be
sufficient tc '<tahll.cedl important t:rends hut nrc
insufficient to Wi1rrant cillculatic'l'1 of standa,d
'.1p'·'ntJons of " riolls qUiH,tiries of interest.

Initially eac}1 pilot flew profile descent
and approach us t no a procedur-e recommend(d hv his
airline. All three pilots Ilsed essentially ;he
<arne procedure. cons t s rlng of a Mndl O.R/?BO knots
CAS descent p roftJ.e . Each pilot a Lso used a well
known rule of thumh to select the nVE r-an g s- to
touchdown a t which to Int t t er e the descent
(top-of-descent). These base line p rof t Je s were-
f Iovn without nir t r-a ff Lc control edvfeor i.e s .

'Ib t s t v pc- of s t muLator is vt de Ly 1 sed bv a t r l tne s
for CH't,: tr:dn:!ng. It: 1:,' equipped with /l s t x
degree of fr8prlow mot tor aystem And a cnmputer
fE'f'''' -ot ed , night 'dosk V19"\01" <vsr.em . 'rhe
ccmput er-egene rn r.ed imclgerv is dt splaved in front
nr the cockpit wLndows bv four proj ccti on systeme ,

giving a wtde , high r e: lut i on field of V'1('W to
the pilot and copilot.

Test subjects were three current 727 llilots
one each from three major airlines. A r a t l c-vt nd
of 70 knots at 35,000 ft, which decreAsed
Ltne ar Ll.y to 7.eTO at s-rcund level Wi;~:' s trnu l a t ed .
There ''';3S l.tghr turbu l et-c e and the ceiling WilS s r
lOOO ft with t opv fit 10,000 ft. P lots were
briefed on wfnll ilnd wenther ronditions prior to
the nLmu la ri on . Ear-h s imu La t e d flIght consisted
of il ~traight-in approach h0g1nn1ng nt 150 n.m. to
the runway tht-echo l d tmd 35,000 ft n ltLtude ,

fficiencv, requi
1 [," 'r "egmenf:f'

TlH\ in t e prnr f or- time nc remen t L. k""'
pXT'(,T~m('ntal1y ~',c·lf!(:ted r r- i-" as, i.nr-ge ',s pcs s tble
for each segmerlt ~f the trnjprrolY. In tip
Ctlnstant Macb and CGrf:~lllt CAS qegmpnts R s~nr

7E' of 60 "'CC. he s v teIded '\CC11r"t;' nnd
nurnerLral Lv s tab l e resulr s •

IhL <ec t tor- r~ves an examp Le of a complete
descent »rof t l e , including a Ll necr-s sar-v
t r ans t r r o- segmenr s , generiJteri hv the prognul1.
The e Lr c r-af t model used is that of a DarY'OW hodv
a t rc rar r we t ghLng 140,000 Lhs , rnt t t a ll.y , t h e .

'rcraft is CT1JisinR at ~nch 0.8 and 35,000 ft And
is :150 nim • f>-Ot11 t ou c hd own , 'The controller clear!"
the a t rc taf r to desceno to 8 point '30 n cm • from

touchdovn and 10.000 ft e l.r t rude. At this end
pornt the aircrnft must have completed its
deceleration to 250 knots CAS. Furthermore, the
controller has sppcified R descent time of 900
secorrl~. measured from the 150 n.m. starting point
to tIle end of the deceleration.

The svn tbee t eed t raje c r o r y consists of a total
of four segments vh tcb e r e s umms r-Lz e d in Tab l e I ,
The first is e I .. ",,] flight segment If'PcIng f r om
the sta:-r: 1n!' point to the point of ce scent
c a Icu Loted to be lOB n.m. from t ouchdown . This
segment is follo,",'ed by a Nacb 0.8 de sce-rc wt rh
er-g t.ne pressure r a r t o (EPR). which controls
thrust, set to 11 nea r idle vel ue (app roxtma tot c
one). The target speed calculated hy the -
s Iuc r t t hm h~ 370 knots CAS .. re ached at 2760!. ft.
At t h i po i.ut the t h i i-d and con s r nn t CASsevrent
begin8 IJsing 1,lle thrust (ErR~]l until 10,000 ft.
t s re ached • The f our t b segment is a deceleration
Lrcr- ]20 to 250 knets CJ\'?, f Lown a t ]0,000 ft. The
last line of the tRhle shows that the time ?i~

di,,;tf1rce to touchdocn at the ('I'd of the L.1st
0~ment c]0sely matcll tile specifl p ! values.

At the toP and bottom of tllP l~p~P2nts, ttl~re

can nCi~\JT sho r r ;'cgments in thp r raj ec r o-v vhe r e
ne t rhc r !".lch nUIFh"r not" c.r l Llrrrr s-d nirspc"d is
held r-ons ranr . »u ch trans,t:ion sczmcnr e , An
8dditil~?] rlifferPlltial eQu~tion, whic~ determines
the .... .r t e of chriT1f/,e of air~pe('d, mus r h".

integrate,'. The tnrreme nt a I ecuc r t ons 3f:,nVe can

be augment eo in rJ r.raf gh t Io rwcvd W(iV t c ?P\'J.'ta t.e
the a t rr-peed a~" function of rtr-e in theFt'
segm0l1ts of rpp~J deceleration or acrclprat1on.

"arious other parameters relatil g to the
trn';e"i.:i:.rv ,;ynthesi~;, inc]wi'ing the number of
integration stepp far elch ~~ment and the fuel
'Oq;:;U!!th" ,1re '"1'",<' '''1I'\<.'n in thf [:ole.

A p rogo-nn th:1t )2J'!10Y,."tes time conr ro Ll.ed
tlnjectnr{es tising the terhniques ~nscribed abovE'
has been tn:lttpn in VAX FORTR/;'N. "he pragran is
r-oua t r-uc t-s d t n it modular tnp down f as btcn , where
the highl}'~ level j"nl1tines direct triP en1Jing
feQllences and ovcrsee thE' data flow, and the lower
IeveL rou r Lne s p er t or-m the ce l cut e r t ons »rid
il'tpf(Yat(' th. cqua t tcns .
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seconds For the base ~. ~n(' profiles t.c a maximum ,-:1'

.b :wconds fo-r the nominal profile.

The var Lal-t It ty of the slow p ro t tj e 1':18 an
cxt r eme t y low value of on l.v seven s e r nnd s , This
result can be exp l a tned b v r s greater str-p l t c.Lry
cornpared r.o the other two. The s l ov profile lack"
D cone tant H2,"h R0f.me_"r or-o can be f10,,'11 at Idle
thrust for the entire descent. The absence oj: a
deceleration segment at the bottom of trE' descent
further helps to reduce ttming errors. Profile
comp Iex i ty ! s thus 80011 to have an i npo r tao t

ef f e c t. on time control ClCCUr<\CY and should be
carefully cons i dr-r ed in choosing 4D de scer-t
profiIps for manual flight.

Comparison of t!mp~ listed in the first Rrd
se cond col.l.Hfir,~" ;-',],OW:'1 rbat the ave r.tgo descent
times for the three t ypes of adv i.r-o r y-con t r o t led
prnfiles are a180 8CC\lratP~Y predicte(l by the
a Igori t hm. The accc -acv Achieved is all the r-c r e
rp[f':,rkable considering tbn t the descents ve-:e
f Iovn manue L'ly , Elrd that the adv t sor-Le s we-re given
only once before the start of the descents.

The columns in Table 'j that tabu le r e ave-rage
fuel use show that tbe slow p r ofil r- is the most
fuel efficient and the fast profile the least fupl
efficient. Thp oomt na I profile, though
considpT2hly faster than the hnsp line profile,
consumes only rLtghtly more fuel tban the base
line doe e . Thus, t he t t-adeof :" be r we en ttroe and
fuel, so tmpo r t ent in airline ope r a t t cns, weighs
in favor of chcostng the nomtnnl profile when
there is no e che du l.f.ng ccnfi Lc t .

The r-ange 0.1' fuel consunpt ton fOT the four
types of de scer-t.s , listed tr- the Le s t column,
shows cha rac t e r t at i c s s tmt l.a r tc the time
variability. The difference of 700 Ibs for the
base line descents is reduced to f1 maximum of only
34 Ibs for the cnntrollAd descents.

r Addition to evaluatin? the tAi~wind

cocd t t t oo de sc r Ibed above, time ac c urac y of
profiles wcs Also determined for hcedvtnds »ud
zero wtnds . These condf t tons yt el ded results
basically similar to the oneS descrtbed.
Furthermore, the time va r iab t l Lt y of flying from
the 30 n.m. point to touchdown was investigated
far bo r h a straight-in and R s r enda rd app rcech
pattern. the latter consisting of do~wind, base
?nd final Fegments. Analysis of -results for these
tests is sti}l ir progccss.

PilotF participating in the siDulation
gene r e l Ly reacted f avo t-ab l y rovard the profile
descent adv t sorv cor c ep t . They cited as the
primary benefit the PCCUT!1te timing of t he r op-o f-.
ocscent point in the presence of complex
altitude-dependent wind profiles. MoreOV0~. theY
considered the ad~isnrtes as unohtrusive ard all
profiles as c0~fortable to fly.

The th LS .st ucv stiVgosts thilt t he
follow!n? conditions are npce~saTY for
accurate t tree ccn t t-o L of uoequ tnped 'ir c r af t ,

First, (Ie~rent procedures given in the Advifiories
should correspond to vtde Iv used ptIc t procedures.
Second, pilots must be carefully hrlofed JTI the
purpose cf the »dvrso r y and the tmpo r-t onc e l'f
e xecu t tns it accur-a te Iv , rd. aircraft
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p e r Lorrn.tn c e and t t-aj ec r.or y dyuant ca must be
accurately n-ode l ed in the a l.gort thm . Fourth, au
a l.t t tude-dependent wind mode I rauet be updated
frequently to t-cflec t current wind cond t r t one •

The time ac c u rac t e s achieved In the simulation
would be adequa t e for a time-based air traffic
control eve t em tf they could be dup l t ce t ed in
prac t tce . However, uncertainty In the knowledge
of the actue l wind profile and inevitable l np s e s
in pilot attention to the profile tracking task
wf 11 r-esul t in larger errors than ob t a tned in the
simulation. One reHl attempt to e s t tma t e such time
errors from analysis of ATC r ads r tracking returns
during an aircraft's descent. They can then be
reduced by the cont ro Lle r Ls eu tng an updated SPCC0
clearance ne a r the mI dpo i n t; in the descent. Bv

this method it is considered feas tb Ie to control
time errors at the 30 n.m. point within ±20
seconds. A simulation test of the mid-descent
co r r-ec t Lon c l earence is planned for J9A6 a f t e r an
m-c l tne trcp Iemen tat t on of the p'rog r am has been
~ompl£'ted.

Concluding Remarks

Thp descent profile advisory system desrrfhed
in the pnpe r promises to he an accurs t e and
flexible tool for assisting an air trafflc
controller in controlling the touchdown time of
aircraft not eou t pped with 4D guidance sys t ems •
It can help to achieve the benefi.ts of 4D
guidance, such as t ncres sed capacity and fuel
e r f t c t ency , without r equ Lr tng a large f r ac t f.on of
the airline fleet to become 4D equipped. Accurate
time control combined with good fuel efficiency is
obtained by an efficient method for integrating
simplified performance equations along standard
airline descent profilps. A piloted simulation of
the method has demons r rate d its accuracy and
consistency in predicting the hottom-of-descent
time of an unequtpped transport aircraft. Current
plans call for a more extensive simulation
followed by an ope ra tt ona I evaluation of the
method at an enroute air traffic control center.
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CRUISE SEC;VH'l'
- Step sizp is 300.0000 sec
- Mach is held constant
- Vertlcnl ~peed is heIrl constallt

Capture -IOILOODJ n.m:! toted distance
_ Allov(lh]p c>JptUIt' error of +- 1.001)f)O(}()E-03

Time Dist Alt ;'12C\l tT V cal C;lmTr:J FPR 'thrs t Fuel

(sec) {n .rnJ) ift) (kts) (kts ) (deg) (J l-s ) (1.1>s)

0.00 150.000 35000 .0 0.80 !-I61 1 ."17.0 0.00 I .95 982!1.0 D.r:
286.32 IOA.OOr 1'5000.0 0.80 461 I 272 .0 0.00 J .95 982!-I .0 617 J

- 2 integrAtion steps

COKST;\NT ~ACH SEGMENT
- Step 8i~p is 60.00000 sec
- N/1ch[ s held c ons t.ant

Verticnl speed is held constilnt
- Cnpture 320.0000 kts CAS
- Al1nwahle capture error of --t.._ 1.000000

Time Dfst Alt l"i1ch V tr 'if cal C2mP'8 P,PR Thrst Fue.?
(sec) (n.nO (ft) rkts) (kts) (dpr;) (l hpj fJbs;
286. :1) IOR.non 3::'000. a O.AO ,~6 I .J 272 .0 -3.21 1 .00 900.3 6J 7. I
346.32 99.195 37000. a 0.80 467.4 291.0 ~J.2) l .05 )/175.5 648.5
!'06.37 00.382 290(JO.O 0.80 47.1.5 310.6 -3.71 1.0S 2746.4 689.9
43ft.25 86. :278 27603.7 0.80 //76.3 319.9 -3.21 l .09 2664. R 713. 1
- 4 Ln t eg r a r tor- Fteps

cmTS'IANT CAS SECHE1IlT
~ Step size is 60.0000n sec
- CAS is held COPF.t;:ll1t

- EPR setting is Jlel? constant
- Capture JOOOO.OO fept altitude
- AI10wf'-ble capt ur e error OF +- 2.000000

Time Dist ,41r Mnch V t, en 1 C;an'J1i8 pDF 'rb t-s r Fue]
(>~ec ; rn • 11':L) tft ) (k t s ) rk t s ) (dp g) nbs} (Ibs)

434.25 86.?7P 17603.7 0.80 476.1t 319.9 -2.93 J .00 73. 7 71] • J
494 .75 7J .661 }11895.8 0.76 !/S?4 3J9.9 -3.01 I .00 -) 35. J 7[10. J
55(~./5 69.437 /7:12f+.7 0.72 439.5 ~19.9 ~3. lJ LOa ~27B.8 767.1
614.25 61 .586 19591-1._1 0.69 !-I22.8 319.9 -3.2? I .00 -383.2 794.8
674..25 54.090 16996.4 0.65 406. 9 319.9 -3.32 I .00 -159;9 823.5
734.25 46.933 U1439.0 0.62 792.0 3J9.9 -3.1~7 J .00 -334.5 854.6
79(t.25 40.096 J] 927.2 0.60 :178. I 3t9.9 -3.51 1 .00 -794.0 889.1
S40.99 34.982 10000. J 0.58 367.8 319.9 -3.60 1.00 -799. I 9JP.R
- 9 f.nt.eg r-at t on stpps

ROTTOH-OF-DESCENT D;;:C2LF:.:RATION SEO,rENT
- Step size is 30.00000 sec
- Neither l'h-1ch nor CAS is held c ons r mt
- VerticAl speed is hel,1 constant
-FPR ~Ptting iR held constant
- Cap t ur-e 750.0000 k t a CAS
- Al Iovsb i e capture e r rc r of +- 1.000000

Time Dist AI t vech tr .. (:2· I Camma ErR Thrc:t "pup;
(H'C \ ( rt .r:li ( ft ) kts -, (kts) ( d0[;) lbs I 1bsi
[UiC 99 ':if; 98 10000 I 0 5 67 8 2t 9 q 0 00 J .00 ~299 ] 91B R
SiO qg J1 9[; ( !JOOO 1 O. 5 24 4 (xl J 0 GO J .00 - : 75 9 937 8
899 1 ! :'9 '" 10000 1 0 I, 88 6 7/19 9 0 no : 00 17 : 054 9

C

1 i.nt.eare r Ion stepcc

'"



Type of Profile

Predicted
i'\v

Algorithm

N0. of
Dcscent s

( )

Ti Ire;;;

TJrw
D:iff. ( j

i\'Vg.
Fuel Use

Range o' f-'ue]
Use; Fue l
Diff. ( i

'REIse Line

/>j O.iL ?SG KCAS
ut tbcut Prof, r.e
Adv Lsort es

1'/0.8/320 RCAS
fOp of Descenr :
108 n.D.

Slot<"
230 VCAS
Top of Descent:
i33 n vm ,

Fast
M O.84!350 yeAS
Top of De scenr :
107 rt.Jl1.

893

1104

861

1100
(5 )

860
(3 )

1390 - lOP4
( 1%;

ego - 915
(35)

1098 ~ 11n!~

('7)

854 - 871
( 17)

1065

!(Jf,7

771

11 75

91.5 - 1145
!OO)

1061. ~ 1008
(J!~ )

764 ~ np,

1169 - 1183
(4)

* Simulation runs s ta r r ed fit 150 n c m. from touchdown, 1'1 = 0.8 end 35.000 ft.
Aircraft weight Ht start was 140.000 Ibs. All run~ used a 70 knot tail
wind at 35.000 ft .• decreRsfng to zero at sea lrvel.
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