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Abstract
Daedalus is a long range and endurancc human powered

aircraft (HPA). Through caretul dcsign. and lhe use ofadvanced
matcrials. il has mainra'nedthe low wcight ofprevious HPAs.
while significantly improving r$ acrodynamic cleanlincss.
These lactors have allowed Dacdalus to atlain hwcr power

lcvcls. and thus increase itsrlngcand endumnce as .ompared
to previous HPAS. During its construction, careful wcighl
measurements were mrdc of every part and comPonent. A
condensed versn)n ollhe weighls log is presc.lcd, togerher w ith

a description of the alrcrafiand how it is constructed. Based

on thcscdata, seleraltbmuhs lor weight prediction ofHPAs
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arc proposed. These formulas should be usctul for preliminary
HPA sizing and optimizarion.

Introduction
Weight is extremely inrpoltant to lhc perforrna.cc ofhuman

D$ered dircr fr (HPA,,. The no$er r. ouired lomdin|"_r rt,ohr
\"r e. d,,${irl.. . BrrJU,e ot ,hc tin ired pou.. nri.aot.
lrom its human engine.low weighr is oneofthe nnjordesjgn
goals for an HPA.

Bciog capableofrccuralely prcdicting rhc wei!htofan HpA
is a requirement throughout the dcsigD process. By knowing
the weighloiconrponenrs. lnd how ihcy vary wirh aj.cmfi size,
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ihe engineer can optimize the design and assess its performance.
During ihe construction ofthe Daedalus HPA. the weight

ofall components was measured and recorded. The wcights
log eventually enconpassed over 200 eDtrics. This paper
describes the major construction details of ihe Daedalus HPA,
prcsents a summary of compon€nt weights, and proposes
several formulas for HPA weight prediction.

D6cription of the aircraft
Daedalus is a single place. high wing. tractor monoplane

ofconventional configumtion as shown in figure l. The aircraft
is powered by its pilot/engine. With a wingspan of 34.I m (ll2
ft. ). Daedalu! is one of the largcst all-conposite aircralt ever
buih. It has a wing arca of30.9 m1 (332.5 fi.':) and an aspect
ratio of 32. The aircraft is very short couplcd, ha!ing a lolltl
length of 8-77 n (28.8 ft.). Daedalus has an ernply weighr of
3l.l kg(68.5lbs.),carries6liren(6kgor 13.23lbs.)ofdridarg
nuid, and lccepts pilols eeighingbettlee 54and73kg(120
10 l50lbs.).

Thcaircrafi is slressed io a u llinrale lord laclor of l.75 g 5.

tniihasrmrncuvcringspcedofl.SSnr,s.lT.5mphl. Asinsle
litt \ri.e reduce! the bending monre,rt on lhe inner halfofth.
wjng othenrise. lhe airc|ati srrucrure i! iullr.!ntilevcred

The frimarv \rfu.ture i! flhricatcd oI high nodulu!
graphiteiefoxy conposite rnd Kc!lar ro!ing. All thc
gmph{e/epoxy used on Daedalu! is lhornel T:10. }50 and
T 650,12 unidirectional prcprcg. These prepregs have higher
modulj than sk nda rd grafh iteiepoxv nraterials Since mortof
theprinury struc.ureon Daedalus i! rtiffners dominated. the
use of these graphite/epoxy materials yielded significrnt
weight savings. Aluminumand stecl de used in the gcrrboxcs
and landing gear. Most of lhe sccondary structurc coDsists of
polystyrene fodm with basswood and balsa reinforcements. The
aircrafi is covercd with 0.0127 and 0.00847 mm (0.0005 and
0.0003 inch) thick tcnsilizcd Mylar

Dre,lzlu' J,,n bc cJ'il) Ji'a*cmbl.,l li,r r"n'I).rl!rr,1
The wing consists of 5 independent panels. nonc longcr than
8.8 n1 (29 ft.). Withour disconnecting the control systcm. thc
rudder and ele\rto can be rcnxrved. Thedisassembledaircrafi
iirs in.r 12 m trrilcr. I1 takcs lpprcxinrarcly two hours to
ass.mblc .r ,liM\v,mbl{: rh. ri( nl

Thc dcsien goNl oi thc aircuit ;s n) rcquirc a power level
ol lcss th:rD 3 waus pcr kilogram olpild body wcighl to main
tain lcvcl llight at 6.71 m/s (15 mph). By achic!ing these goalr.
Dxcdahrs was ablc to colcr thc l16 knr (72 statute !n iles) berween
rhc islands ofCrclcand Sanrorini on 4/21/8 E. duplicrlingthc
nyrhicai cscapc ofDacdalus. and scuing n.w \orl.l rccords
fbr distance and endunncc

Construction details nnd weights
A wcighr brcakdow by c(rmponcnt is sho$,n in lhble l. ln

thisscction, sonre conslructio detnils rrc cxplaincd. lit lownrg
dre tormar ofTable 1. The rnlornnrio ir llsurc I sill bc ol
greit assistance in clarilyrng how thc aircrrli is built.

lhe pr.r L,r\ . rL.r rre or rhe q L! c. r.rn\ nl , r,.,.r.r'.,r.
a rear spar. seremlltrut! between these. anda synem ofKevlar
,19 rovin8 X bracing The main spa! is a graphilei epoly tube
of varyirg diameier lls main rcle on the wing ! primar,"
n-L.rre \,.,1r(, r5."ur "IllJr'h1Jl, J , ."ntr.-.r"'
and iorsion k)ads gcnertcd by thc wing. h is.radc oltw() ft)
lour layeh of Ir'10 prepreg at t40 dcgrccs. rnd onc to cighr

layers of T-50 prepreg at 0 degrees- Each layer is 0.14 mm
(0.0055 inch) thict. The 140 degree layen provide torsional
sliffness and slrenglh, while the 0 degree layers, placed or y
on the r,op and bortrom 90 degree arcs of the tube, provide the
required bending stiffness and strength. ln-plane bending
strength and stiffness is provided by the rnain and rear spars.
The I(evlar 49 roving X-bracing prcrides $e wing with in-plane
shear stiffness.

Since the laminar airfbils used on Daedalus requires good
contour accura€y and surface smoothness, the secondary
structure accounrs for a large percenrage of the wing weight.
There are 98 rib stations on the wing, wilh an average rib
lpacing to chord ratio ofo.38. At rhe end of each of ihe 5 wing
panels, a strongerend rib js placed to withstand the covering
loads. t heseend.ibsareofsandwich construci'on with a foanr
corc 9.5 to 12.7 mm (:l/8 to l/2 nrch) thick. and 0.40 nrm (l/64
inch) thi.k birch plJ ood facesheets. The leadjng edge is
shccted w ith Foamulrr 150 polvsty rene foam over 15 % of ihe
lowcr surf!c.. lnd 55iZ ofthe ufpc. su.face lhis lheeting
Dtulidcs thc contd. accura.l, rnd snoolhness required to
rruinai l.tr!inr.llcnL A Kev lar/Rohaccll iorm wcdgc sc.les
asLlrerraiiingedge The*ingiscoveredwith0.0l:Tmmihick
luylar tiiln. The loads generaled by shrmking thc llhr ar.
sigrili!'ant: nrxl ol lh. sccondarr strucrure is s;zcd b\ ihc
requi.cnlenr to wilhnard thc covc.ing lcnsn)!.

The nunbcr under "Miscellaneous' is rhc dir'icrcD.c
bctween thc nrcasrrcd weigbt ol a completcd componcnr.
such as rhe wirg, aod lhe su r ofall rhc indi\idurl wcighrs.
This tern is a lneisure of hos carelully thc wciehts olrll rhc
pieces was recorded, and the anount of adhesive uscd to
assernble rhe aircraft For Daedalus ir varies ftom I lo 5'l
ofthe total, depending on ihe componeni.

Elcvator lnd Ruddcr
Tbc coDstruclion oithc tril surlaccs is almost identical to

thalollhc wing. Both ihe clevator and rudde. lack the w ing's
Kevlar X-brltcing i thc Mllar film, 0.00847 mm rhick oD these
surfaces, provides rhe ncedcd in-planc shcrr sliflncss. The
surf:ices ire all-noving and hinge around rhe spar,locaLcd ar

the 1/4 chord. A ruddertab, geared to move wilh thesurince,
increases the maxiInum 1if1 cocffi cicnt and providcs ccntcring

Fuselage
The tuselage franre consis$ ofseven graphire/epoxy tubes,

three b five tlicslhick. I hey arc lashcd iogedrerwilh graph
lle ru|g.. i,l-ri. JrJ J ro"rn L mf. r-r.I c i .I rng l, q \r\.\rr)
epoxy. Elen though th is nrethod ofjoining lubular components
',!)\.cr, ud. Ii,e\r(rlcl\ lrrhr Jl,d)relJ.f in|..1'"nt.'
than the luhes themselves. The maj or loads in !he cockpit a rea

,risc irom the pilot Fdaling the aircrati. while the tailboom
i\ sized by thc tail loNds gcnerated at maneuvering speed.

R)wcr is (nnsmitlcd l(nn rhc pcdals tothcpropellerthrough
lwo gcarboxes. Alrhough rhcsc arc hcavicr than lhe chair
sJstern used on most HPAS. rhe added reliabilirl and cificicnc]
ol Lhc gearboxes more rhan conrpensale lbr thc cxtra wcight.
Thc gcLrrbor housings ire rnadeofaluminun. whilc thc gcars

Thc n in landing gcrr is spruDc. but non casrcring. l1 is
n ,:hnarlinnoirl,,nrin,,m and,rs,s ,,hb(Thlo.k rc,sh..k
absorbcr. Thc nosc landing gcar is ol sirnilardesign. but it is

TNo lalersol ll0Ke!lar49 hbric and epory torm the lower
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Table 1

Daedalus HPA Weight Distribution

GraIns

9222.2

1313.5

16.1

512.0
211.3

4',7.2

r1182 3

884.0

131.9

3191.1

943.6

952.3
201.2

72t1.1

i!!f
18985.1gm

212.0
53.8

90.6

43.r
39.5

23.1

lLl
537.8 gm

150.9

90.0

87.3

59.3

39.5

125.0

61.2

_q.1

623.3 sm

Pounds

20.33

2.90
0.t7
1.13

0.41

0.10

25.09

195
r.62
1.1t
2.08
2.10
0.46

15.91

_!.85

4l.85lb

0.60
0. t2
0.20
0.10
0.09
0.05

!.qi
I l9 tb

0.33

0.20
0.19
0.13
0.09

0.28

0.14

!.02
1.17lb

Grams

I\tnS
Primary Structure

Mah Spar

Rear Spar

Struls

Fittings

Kevlrr X-Bracing

Wing-Fuselage Mounts

Wing Prinary Structure Subiotal

Secondary Structure

Ribs

End Rib!
Leading Edge Sheeting

Tmiling Edge

Covering
Misccllaneous Secondnry Slructure

Wing Secondary Structure Subiotal

Miscellaneous

wing Total

Elevator

Ribs

Leading Edgc Sheeling & webs

Hinges & Anachment HardwaP
Covering

Miscellaneous Secondary Strucrurc

Elevalor Total

Rudder
Primary Slructure

Ribs

Leading Edge Sheeting & W€bs

Hinge! & Atlachment Hardwarc

Covering

Rudder Tab

Miscellaneous Secondary Strudure

Rudder Total

Fus€lage

Primary Srruclurc

Tail Surlaces Alldchmenc

Fittings

Fuselage Primary Sruclur€ Subtotal

Propshaft & Drivelhlft
Propeller
Propeller Pitch Mechdnrsm

Cranks & Pedals

Miscellaneous HardMre

Power Syltem Subrotal

tanding Gear

Main Landing Gear

Main Wheel & Axle
Nose Landing G€ar

hnding Gear Subl,otal

Co€kpit & Pyl0n Frirings
Lower Fairing
Upper Fairing & Ventihtion Duct
Mhcellaneous Slruclu.e
windshield
Covering

Front Pylon Faning

Cockpit & ?ylon Fairings Subtotal

Control System

water System (6 her capacity)

Emeryenq To{ System

Radio

Miscellaneous

Fuselage Tolal

Aircnft Empty weight

right hand sidc, lor both rudder and elevator. A systen of
braided Kevlar lines and pulleys trcnsmit the inpLrls to the

Becauseolthc variation in pilotsizes, the seatcanbe moved
over a 150 mm rangc b accommodate diftirent individuals.
The sent liimc is mdde of0.51 and0.71 mm (0.020 and 0.028
inch) thick wall alumiDum tubing and covered wjrh a srrebhed
nylon mesh. It aurchcs dircctly to the laDding gear to reduce

2',7',15.0 6.12.

90.3 0.20

50.7 0.ll
24.t 0.05

366.4 q-!.!

3306.5 1.19

1073.1 231
384.2 0.85

800.0 1.76

216.8 0.48
286.0 0.63

38 :t 0.08

cockpit tuiring, and the forward section of the upper i:riring
Thc lower fairing is reinforced with grrphile/Rohacell foam

rrrinq, A. $ hile rhc upper r"irrng s nrll<ncd b) lhe huill in.
p"lrirtrene li',m !enulali^n du.l V'\r ol rbe 'c(ondar)
,rrucrure or rhr cockpir tair ing Lorr\i\l\ ut prdphrle bdl:d rrl-\
andsmalldi"metergraphite/epoxytubcs Thecockpitrreais
co\€red with 0.0127 nrnr thick Mylar'

The control system consists of a sinsle side stick, on the

2798.4 6.11

286.6 0.63

267.0 0.59

113.8 0 25

60.1 0.l3
117.5 r.60

1028.0 2.2',7

350.0 0.7'7

365.7 0.81

171.0 0.38
41.6 0.10

105.0 0.23

2M1.3 4.56

236.3 0.52

565.2 1.25

212.0 0.47

29.0 0.06

120.0 0.26

300.0 0.66

!4.q !2!
10926.8 grn 24.09 lb

310I.3 sln 68.50lb
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the loads oo rhe tuselige tiamc.

Wcight prcdiction formulas for HPAS
tsased on the info.nration in Tabje 1. and the nnalysis donc

io dcs ign Daedalus, seleral we ight predicdon lbrnrulas clin bc
derived for componcnrs whosc wcightdepend on the alrcrali's
sizeand configurarion. Thcsc lo.mnlas. shown in Table 2. are
useful duflrg preliminary sizirg and optimizatior ofan HPA
desiSn. It should be Doled that these tbrmulas wcrc dcrived
for aircraft similarto Daedalus in coniigurrtion. dimcnsn)ns.
and conslruction. As a new dcsign movcs away filn the
Daedalus baseline in these tlree areas, lhe rccurau}.- ofrhese
iormulas dnninishes. Thus, !he equalions should be modificd
iccordingly rs more accurate information on the particuhr
design becomes avrilablc.

The weighl ofmosl othcr componenls cannot be expressed
as functions of(he aircmft size. These conponents are either

a constanr, independent ol$c aircraii size. or so dcpcndcnt

on thc particular air.nit contiguntion thri no rtlcmpl is
nudc hcre to quantify thcm. Perhaps, with thc rssistance of
tlrc infbrnutr)n in tblc 1. the designer will bc ible to nake
cslimates of thcs. wcights.
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S", Sr.

N*. No'

'lable 2
Weight Prediction Formulas for HPAS

Symbols

wins or !4.\!q!s! 1B!44ei s!!
= wing or tail surf:ice atea (m'])

= wing or tail srrf:rce span (m)

= avcrage wi'g or tail surticc chord (m)

- S*i bq or Sibr
= average rib spacinc to avcrage chord

ratio wing or lai1 surface
: number oi wing or tail surface ribs

= (bw)r/(d**sw) or (b,.)r/(d$+srs)

= wing or tail surface rirfbil thickncss to

= number ofwing cnd ribs
= 2*nurnber of indilidual wing panels 2

nuh = uhnnate ioad facor
Gw = aircait gross weight (kg)

W*,, W.* : weiSht of wing or tail sudace spar (kg)

W*. W.. : wcight of wing or tail surfa.c ribs (kg)

w*., = wcight ofwins end ribs (kg)
W*r r. W^r.r - wcight ofwing o. tail surfacc leading

cdge (ksl

Rudder/Elevator

Nore: The sane formulas apply for both the rudder rnd

Primary Structurc
wr. = (b1si4.15c-2 + b'sr{9le l)+(10 + ((q",*S1.)178 s 1.0)/2.01

Notes i A singlc tubLrlar spar ofhigh modulus (E > 228 GPa

(33 Msi)) graphitc/clixy prepreg, sinilar to that on

Dd,,?d/r'. r,r..,rmc,l. fllrrng5ancorher tlrnd ) {ru.-
turc not in.ludcd in this weight esrimate.

S€condary Structure
w$r = Nr''(crr*lictr*l l6c I + c1':101e-3)

W(LE = 01?4"1sr'*dr'''1br)

Wt = Sr1193e 2

Fuselage

srb = (L6i1.l4e I + IrbrlL 96e 2)*0.0 1 ((qnts1.)i78.5 1.0)/10)

Notes: A tubular tailboom ofhigh modulus (E>228 GPa
(33 M!i)) graphile/epoxy prepreg. similar to that on
Da?ddl,r, is assrmed. Tailboom lengih is calculited as

the distlncc lionr rhe wing l/4 chord to thc furthesl tail
surface. In this lbrmula, Sr. is the alcrrgc area ol the

= seight ofwing trriling edge (ls)
= wcighl of wi.g or lail surtdce

covering (kg)
,1, , - ,l\ ndrnrc pre*urc al mJncu\" ing

\Peed rNim )

Fuselasc

I"r

Wing

= tailboon length (n,
= tailboom weight (kg)

Itimar] Structurc
Cantil€vered Main Spar
ww. = (brill7e1+ b*'*1.10c-2)*{1.0 + (n,lr*Gw/100.0 20)i40)

One Wire Main Spsr
w*\ = (b**l ll]c 2 + b{rc.56e l)1(10 + (ntr 1*Gw/1000 2.0)110)

Ilulti $ire Main Spar

w* = (bsll l5e I + b*r*1.68e l)1(1.0 + (nur*Gwil000 l0)i4.0)

Norcs: A One Wire spNr uses a single wirc 11r reduce the
bcnding loads on ihc inncr seclion of thc spar. ,.r.'ddl&r
is an example oi this structural configuration. A Multi
Wire spar uses t$o or more sets ol wires to reduce drc

bending and torsion loads on lhe spar. The 6ottd/,c/
,4/6drorr is an cxanple ofthis structural conllguralion
A singletubulrr spar ofhigh n]odulus (E> 228 GPa (l:l
Msi)) graphite/cpoxJr prepreg. similar to that on /ld?./alx'.
is assunred for all threc cases. Fittings rnd olher wing
pr.marJ \r'J(rure nor rnc Jaed rn I\:. $erghr e.lIn:'lc

Secondary Structure

w*, = N*,"(cn'"trc,,"5 50c-2 + c'"*l 9le 3)

w*e, = N*.,i(c*rtt/cs1662e I + c*'6.57e-3)

w*rF = 0456:(S{r"dsri1b,,)

w"rF = b*N2Jle-2

w'{ = S**108e-2
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