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SI]MMARY

ACAD proSram for glidcr ()Ptinizrtbu siziug at the
preliminary desi$ state is dcscribcd nr tlis p.rpi'r. Tllis
pro8ram was ori$mlly devcl{)ped for op&rizntjor of
light canard airplane design and had bec{ us€d sLrc.ess

tully in two desiSns of this b pe . Thc progrim l s be.'n
modified to suit fie madtm:rticnl rnodels oi gllder at thi'
preliminarydesignstageforoptinriTitionof sizingatlider.
Il ulili/'s (nrL,trrined p,rr,.m. l, r. pr,.nr,,,l.ur lu m: i-

mize a perfomance index (e.9. grossweightofthc tlidcr)
wlile satisfying operating consFa n r ts. Thc approaLll in dle
optimjzatior us.s licomctric .lesc rip to rs and nrissnnr pa-
rancicls as nldependeni desitn variablcs $'l-lich are sys

tematically iiera tcd b turd dre opiimum design. The con-
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str.rints consisi of ileometric paranreicrc, performances,
tlimcon.litiotrs,static siabjliues,llnndlingqualities,andso
on. A11 iheseparnnrctcrc arecalcul.tcd by $eprogram.As
a meafls ofil]Lrstrntlng its use as a corccptual design iool,
ihe opinnizatn)nis Lrsi'd io pslonn a scnsitivity shrdy on
design \?ridble vn rin tions for a va.idy of desi8n constants
and constraint f unctions.

l.INTRODUCTTON
'Ihc CAD progr rm'N-AI186'was oritinally devcloped

for optinlization of li€lht canard airplane design, beinil
used in the prelinrary desi,tn of an rliralight 'TRAVEL-
Lllt', AD 100, and later, cffcctively used for prelimjnary
design optjm;zationof dre sideby side two sea ter version
AD 100T airplane. Eoth are canard configuration and



madeentirelyof compositc materialsby NAI. AD-100was
dr first of its class in Chinn to be stricrly cerrified by rhe
CivilAviationAdministr.rtiorl of CNna. ln 1990,'NAI 186,
ivas modified to suit drc mn thema iical nrodels of cl kl c rs. r

pftliminary design srage, siznrS a Slder HU-li for ttte
entry of World Cl.rss (llider DesjSr Competirnxl, phise L
Tlris competition encou r.rgcd the efforts of isr p rovn.rH rtrc
p i iormJn.es on g,i 'er,l 

."ilpLIc. ur)ridr.rJ,ro.L, t.,^ir;
advDtaSes of applicable teclxrical adv.rnccs, vet l\ itti an
inF\leIii\ e .lnd pr.r. rr Jl , otu r! rr.h. Tl,, ,,Lj,. I \. .,r
dns paper is to €xploii lhe poterrtial xr achc\ing good
solu tions. A tlider is practi..llty thc polver oflcond iti.rn of
a n airplane. Only minor modj lica tion to the progra nr wns
necessary b change dr colfigurntnn in.l relcvant aero
J) nrmj,. from cJn.,rd r, 'LoD!Fnr,,,n.,1.r, d -crr, rIr Fri
cal model from those based on a irptane s ra tisrics b those
given in relevant rcports in OSTry Publicarions.
2. METHOD OFANALYSIS

The general problem is formulat.d as foltows:
Let the unaugmentcd perforrnancc index,l bca flurtnrr
of ihe ;ndependent dcsign variatr lcs, Xl

r =l \x)
where X is a variable vcctor, and constrnint functiolr for
iteratiorl i

|-0 if C:S anJC !s
g, ={ s, -c, ttc'.sl'

Lc-s ir( s

"rrere 
C, is conliraint rl.l"il ro. it",ot.- ;

S 
,, 

S" are lower and uppc. boundnrics of constrnh r for
iteration i

therr augmented performance index

F=f+Il((8,/N,).

wkre k is penalizing rvcight

N, is constrain t normalizing factor

Thegoalistofind thc mirnmLrmof thjsindex, F. Whrle
it is desirable to maximizc ihe perlor ince in.lex
r I D )-", lhe optimi/Jt'on nrul'h m,- Jo,re,r., .,,,,,,n.
7:,tion problem by changnrg the sitn.

A variable transforma iion is used to sci Ie n ubma iica ttv
tlr \.rrable. Jnd rppl) .iJ,j ..r'.tr..irt.. \vl,r. r' ,)',. in-
equality constraints applied directly on the design vari
.bles. Tns rcsults in a rcd uciion nr drc n umber of itera Liolrs
r.quired for conversence.

The form of transforn.rtnn is as follolvs:

Y, I.;( + ,,) t "-;o

gradient evaluaftrns. The simpiex optimizer;teraics or1
the iraEforme.l varjable Z$,hich sp.ns ihe setofallow
ablcvalues ofdre ind epen.lelt di:sign vnrlrbles wiLh rhe
r.rnge h Z of I to l. Tlns allows colrsistenq/ in step size
selectbn nnd Iimits the.rllowed values ofthc independent

3. EVALUATION OF UNAUGMENTED
PERI]ORMANCE INDEX

ThewciSht of the gli.lrris esnnated by snnulating ttr
design nissiolr,ral.ul.rting the weightof dre components
ividrstatisiic.l formL .rsand nukingweighriterationwith
the .onvergcrce criiern)n b ensure accuracy. However,
therelrtbns used to com|uicweights are from indLBtry
statisiics and .rrc on ly expected to be accurate to widrin 10
percelrt. T]leinclustrystatisticsfor iheairplanecomporcnt
wcights come fron lrvin& Roskam and Stendero)oirror and
are fu,rcti(xls of a11 dre indcpendent design variab]es, thc
grossweight, and.rbout20desjtncorstanrs inputrluough
dle dain basc. Webelieve the results will bc more accura re
lvhcn the estnnatcd weight can be adjusied with actual
valucs i fter pro k)iype consir.uction.

Thecalculation of sailplaneperfonnancein termsof (L/
D) ratio arrd rate{f-sn* hinges on tlle determinntbn or the
total glider drng in eqlrilibrium gliding fli8ht. Parasite
drag is cnlculaied from a component buildup nrctuding
,,'n,tr'-Ll-.1rh.,, d l{c}molds n un rb,1 effe, tsa. orJingro
Roskan ard I Ionk(8i(,).

lnduccLl cl rat is estimated usingnonlinearcofiections
to parabolic d rag polars for a irfoil section camber and by
addnr8 tcrms for tail induced drag and wnrghil inrerfer-
ence drag according to Mcl"rughlinlrL) Calculatioras of
stabilityandcontrolderivaiives are rypicalof theseused in
prel;minary desi$ according to ltoskam and Hoakooipi
nnd nrcllr.le empirical adjustments from aerodynamic,
wnrd-hnnlelalld flight data for compressibilft,/ and clas
iicitv. An iterativc, non linear rrim routine is used lor
.lcterDridng th.r winS and tail loads in appro:,ch flithr.

The flight qualiry analysis is initiated by trimmnrS the
glider in approich conJigrration. The nondnnensioml
stability derivaijves for approachare converted io dimcn-
sional sLrbility derivatives. I']lecharncierisric equationfor
the foLU th ordcr lontitlld nral set ofeqLra rions is assembled,
dnl the fourroois ire foLurd.

Thi: trcced jng ana lvses ire used to assigo the follow n1g
colNtra jnt fturcti(nls for npp roa.h: performance, static sta
biliiv, mnneLrvcrsiabilitt',dvrumicstability,phugoidnrode
frequcncy an(t d.rnpnrg, anLl shortperiodmode arequency
and danpn18. The dimensional stabilitv .lcrivatives are
used to esdnute the follownrg parameteN which have
been suggested as useful for fl;ijht qualities analysej: tjme
to double or half amplirude, fljght parh srability in ap,
proach, vertical gain, etc.

The five independent design variables chosen for this
study are shown in Table 1 along w;th the ailowable ranges
which act as side constraints that are directly applied. The
major wing planform parameters rving are:l and wing

where V, and Vlrare the upper and lower independcnt
desiSn variable bourdaries.

The optinization is performed by a sequen tial simplex
method which utilizes a continuous penalty function. This
dircct search algorithm has the advantaSe of not using
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tideoendent Desiqn v.riables Lorer Limit Upper Ljnit

,rng Area (s,) 10-63 (m2) 16.20 (m2)

ring Aspect Ratio (ARs) 10.71 1a-73

Fuselage Length (Lr) 4.86 {n) 7.30 (m)

Tair Area {st) r.oo {n2) 1.93 {rz)

Aft-ibst Center of €ravily (Xcq) 0 1s:14 r'4Ac 0-ss34 riAc

Avai lable consiraint Ftrn.tions lnainlv)

Approach ling Llft Coefficie^i A.2 l 6

Appro.ch Tail Lift Coeffi.ient _1-5 0.5

Static l4argin r.0 M^C -0.04 llAC

Passenqer Volum€ Volreq / Volav -< l

Irim arevato.oeflecrion Angle -25' ?5'

Lift-to-Draq Raiio ((L/u)nax) 31 50

Stalling spe€d (v.to ) 44.0 (km/h) 58 0 (kn/h)

fijn- sinkins Speed {,rin) o a (m/s) 0.6456 (m/!)

TABLE 1. List of Definins Parameters

asp€ct ratio - are chosen to be
with a cerhin degr€e of free'
dom and are expected to hnve
the most impact upon the de
sign. Tail sizing is accom-
plished by including tail area,

tail tongitudinalpositio& and
center-of-gravity position as
ind.pcndentdesignvariables,
ivhch are expected to have a
relatively smal impact upon
ihe glider sizin& but a larte
impacton thetrimcond itions
{or the 8lider configuratnm.

Lastly, the tuselaSe length
is kept as a function of the tail
longirudiralpo6itiontomai&
thc glidc! size to the mission
and $ ing planJorm.

To provide a basis for per
forming thetrade-of f st!L]ies,
a baseline mission i-s choserr
Table 2 lists the desigr con-
stants chos€n for d1e basehre
mission $at are used along
with thc indicated ranges of
uldependentdesignvariablts
md constraintf unctiomwhich
arc listc{ in Table 1.

According to dre Teclxi
cal Specif ication of theworld
Class Competition, and con-
sidering that there might be
some l0%, error h fieresults
atthis iJritial applicationstagc,
$'e added 10% to the con-
strainis, i.e., we set:

- constraht for t,.l
65 -3 -10'x, =58 km/h

constraint for w,j.
0.7s - 10'x, = 0.&56 m/s,

constraint for (L/D),,",
30+10'1,=33.

The tross weight of thc
glider is clrosen as d-re perfor
!nance nrdex tobe minimized
in the stlrdy. The icsults of
pc#o mnlg the optimizntbn
usrng the basehle missionand
constranris for the perfor
mance hdex gross weiSht -

curcntly available in dnspro-
gram are given in Table 3.

l,leight of per passenger (in this cdse, inclLrding pdylodd)

xing lncidence Angl e

!ing Sreep Angle (*c )

Iinq Dihedral Angl e

!ing Thickn€ss Ratio

liing Geometr ic Tsjst

Tai l Aspest Ratio

Tajl Incidcnce Angle

Tail Sweep Angle (1c )

Tai I Di hedral Aigle

Tail Thickness Rdti o

Rdtio of Rudder Area to Vertical Tail Area

VertJcal Tail Area

Vertical Tail Aspect R at r'o

Fusel aqe Diameter (equi vdl ent l

1

1?8 (kg )

2.5"

0.143

5.184

0'

0'

o.12

0.6

1-2 (m')

2.03

0.6 (m )

TAtsLE 2.Key Design Constallts Used for DesiSn Optimizaiion
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Aft-l4ost Center of 6ravi ty

(s")

(^Rw)

(Lf)

(x.s)

{st)

O{'I I!1I ZTIJ CONFIGURATltlN

11. a1 (mZ)

.,4./3

6.081 (m)

0.1534

1.466 (m2)

308.5 (k! )

180.5 (kq)

33.5

58 (k0/h)

0.6a5a (m/s )

I.IAIN PTRFORI4ANCES !F

Ei,pty lei9ht

Lift-to-!ras Ratio ((L/D)nar )

Sta i ng Speed (lstarI)

fii n. Sinking Speed (uniD)

TABLE 3. Results of Optimized Configuration

Fjgure 1 shows thegrapln. ou tp ut frorn ilrc protranr of the
illider confiSuration oli tin ized. Fjgurc 2 shor/s thc speed
polar of tl]e optimum confi grrati{nr-
4. SENSITIVITY TO PARAMETER VARIATIONS

As a means of illusir. t ing the rasc w'th rvhich a trnc:le
off sludycanbeperfomed withdircctoptjlllizaiioland io

gah sonr nrsight into thc nr-
pactof varying independcntde
sign vn rirblcs, a fii ra nr.'t.'r scn-
sitivity siudy is performed for
ihe bascline lnission.

Figures 3 to 7 show the €f-
fecis of changes of wn-rg area,
wing aspcct ratio, fuselaSe
Iengfi, taii area, and ccnte. of
gravity respe\rtivelyon dr glt,ss
lLeight, (L/ D).",, W,,,,stalling
speed V,hu and airplane piich,
hg moment co€fficient varia-
ibnwithliftcoeffic;entto,"/a.1
whilc other variablcs are fixed
at the optimum point. Wing
areahas the mostimpact upon
the design of the baseline con,
6guntio& bothon perf ormance
and trim conditions, as shown
in FiSure 3. Figlre 4 shows that

drc wing aspec t ri tio has a largc effect on the performa nce,
cspeci.nly on thc (L/D)',", and w",,,. Fuselage lengihhas a
largeimpnct only on the gross weighi (sL\c Figur€ 5). Tail
area and.enter{f-gravityhavesnall ef fectson theperfor,
mance.rn.l signif icantimpacis on the trimnnrgconditio&
asshorvn hlriglre6 and Figure 7.

94

FIGURE 1.
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FIGURE 2. Calculated Speed Polar for Sa ilpla ne (Optj-
mized)

nCURE 3. lerformmce- wrdr dre efrc. t uf $ i I J'rJ.

FIGURE 5. Perfornlanccs w;!h the effect of tuselage
length.

5. CONCLUDING REMARKS

A coNtraincd parametcr optimizntion technique for
L\e preliminary desjg of an optim:l configuration of
glider has been perfonncd. A result of dns shrdy has

FICURE 6. l'erformances with dre €ffect of horizontal
tail ar€a.

FICURE 7. Performances with the effect of aflmost
center of gravity.
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shown drt gross weight can be a robusr, rich performarce
index, bejng us€d as a fi$rre of merit for numerical opri-
miza 6ons. Tlis index has the advantage ofbeing usefL as
an indication of conceptual dcsign for the glider.

The prime advantages the program has over orher
optimtations for airylane (glider) design are that it:
1) includesairplanc geometricparamctcrsas independenr
design variables;
2) has a modcrately extensivc set of industry staristics for
wcighti
3) contains a fair rcpresentation of fie drag aerod)rumicst
4) Fnerates stabilirv and control derjvatives for fliglrt
quality analys€s;

t nrludes a model for the interfercnce effects beh^,c!r1
wing and tail,
6) itcrates non linear forcc and moment L'quations to sat
isfylongitudinal trim requirenrents,
A .ontanT a set of equatiur-s of motion for borh perfor-
ma nce and I'li8ht qual ity a nalyses.

Asa meansofillustratnlS its useasa conccptual d esi$i
tool. Jire( L'fLirnr/Jtiun j L, d t,\ pertorn, d r'n.itr! t)
shrdy on parameter variatioN for a vaicry of design
constantsand constraintftnctions. The optimal dcsign in
terms of aircraft Seometry is shown to be sersitive to ilr
design. S€enrg the sensitivities about the parancrers for
dre bas€brc configuratior! fic dcsjgner can mkc some
ln6aldecision-saboutpotentialch.nges attheprclimnlary
designstage.
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