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Case Studies-EniAoyn uAikou yia Kounia

Function Oar — meaning light, stiff beam

Constraints Length L specified
Bending stiffness S specified
Toughness Gi.>1 kd/m?
Objective Minimize the mass m

Free variables Shaft diameter
Choice of material




Case Studies-EniAoyn uAikou yia Kounia

m=p-A-L

m= 1w -R°-L-p-A4

F =
S:E S:CI.EOI - y
T b e
_ F.-I? . C E'/2
O =B B 1=”f B

AVTIKEINEVIKN ZUVAPTNON

E1/2
JEIKTNC Anodoong: ——
o




Case Studies-EniAoyn uAikou yia Kouma

oung s modulus ' density Technical
1000 4 ceramics_ SaNg
: Al alloys
Composites

8

—
=
sl

‘oung 's modulusE GPa
2 s

%

%

|ax10®,

-

104 _._H:I’ms'

#

ALO;  Steels i
T alloys

Cu alioys

i='---- Cead alloys
Zlnl: all:ugrs

Nuntﬂchmcal
ceramics -~

——— Metals ]

| F1IL‘HJD
ensity p kg

10000



Case Studies-EniAoyn uAikou yia Kounia

i;ﬂm
] : . Diamond ) Steplé 3 _ =
1000 | Young's modulus - density Technical _ sc 203 Nao
= ceramics i3y o ;
§ B,C ’I o
100 - Search
] area
—_— 7 ]
18] 1 i -
'l 10 - _ _ S [ead alloys
o E R o Zing alloys’ ' '
—_ 1 Longitudinal - i ;
W | wave speed __ - -“Nontechnical -~
g, | ceramics - P
e | -l -z 3
= 3 ; & 3
'g R%ms 0—-sm=s o g
o - -u.,_i_:_' = = _J’P - #
E o [ - ralymers B
» E| SER o e g
= i Foams il A e
= 3‘\ ol T e
o 10° mis - <7 _ -~ Silicone Wi
= -2 lastomers -
3 - =
- - - -
. ’.»’ ) s ¥ ’4_“_ Guidelines for
1# “ “Isoprene L S | minimum mass
; e design
103 3x10° ki Hv_.:_-—Neupmgq, - -
] - o r’
- -
— T e ‘:‘:«"’Ela‘;t'umers
104 J 10 ms ” o o Nt | -— MEA. 16
T T =TTy T Ty r—
10 100 1000 10,000

Density, p (kg/m3)



Case Studies-EniAoyn uAikou yia Kounia

— == T T Y T
1000 ) oo g g s e e T e
1] Fracture toughness - modulus | .7 e ‘g“g”kjﬁ, :,
1 : : i . \F;mu
1: ! L E g Metals Cuelloys Nalloys_ 1
: ; ap” , Y:““,i s Steeis! 40
— ¥ i Vo - i ] > - % ] -
™ B - — - A i N, R oy ¥ -
- 100 '.'! Design ,#r P ! 4challm.rs | . "’r
= 3 guidelines 4 Composﬂes Al alloys (@& AW alioys
. ! - 5 Mp allws/ [ [ E—
&ﬂ Loy - ok - a2 __i__ Natural ______™ - g [ Casl,
s : foar ' materials LY | irens
- : .—"# w -’ ; y Dia 6'0'1
= 10 9 K E rr ERRE T~ I . . ,_7{3@%".}"'_ =
‘-“C: E ," : ‘ E o .;, -
7] i E Elastomers ﬂ,WG»fﬁ 01
& . EVA A{
E ! $| F‘olvurmhane . ’ .
= : ilicone . . - ki =3 ; A H
< B Llith 58 ) R T Sl ¥ . fets B 1-0.001.
g ': hber ; A" h \ | ' " - 5
= : : Sluna\"r S -
g s i = ggg; gggg Technlcal
o 1 . i Cunugte o ceram;ms
1 o : . ; i
= 0.1+ ,-:_-_-_:-,.,_—_-f:.__._____________*;:_;j__Nuntechnlcal ...;.‘I ,,,,,,, o A .
(IR : H_{ i ceramlcs ¢ : H
R | E Lower limit :
"'-4- Fnams P for K;. :
/ -'r' T ]
ngw,i polymer PRl ;
fﬂams 5 '
0.01 SORTRIORTIRIS I S
0.001 0.01 0.1 1 10 100 1000

Young's modulus, E (GPa)



Case Studies-EniAoyn uAikou yia Kouma

Bamboo 4.0-4.5 The traditional material for oars for canoes
Woods 3.4-6.3 Cheap, traditional, but with natural variability
CFRP 53-7.9 As good as wood, more control of properties

Ceramics 4—-8.9 Good M but toughness low and cost high




Case Studies-EniAoyn uAikoU yia KaBpétrteg MNa MeydAa TnAeokoTia

Concave support
for
reflecting surface

[a va gival apkeTA AKAPTITOG, 0 KABPEPTNG €ival
KATOOKEUAOHEVOG ATTO YUOAI TTAX0ouG TTEpiTTOU 1 m Kal
CuyiCel 70 TOvoug. To ouvoAIKO KOOTOG £VOG PEYAAOU
TNAEoKOTTIOU (236 IVTOWV) €ival, OTTwG TO idlo TO
TNAEOKOTTIO, AOTPOVOMIKO TrEPiTTOU 300 ekaToupupla
doAdpia HIMA. O idlog 0 KaBpEPTNG AVTITTPOCWTTEUEI JOVO
TTEPITTOU 5% auToU TOU KOOTOUG. To UTTOAOITTO Eival auTo
TOU KNXQVIOMOU TTOU KPATA, BE0EIC KAl TO JETAKIVEI KABWC
akoAouBgi Tov oupavo.

[Mpiv a1rd €vav aiwva, ol KaBpEPTEC KaTaokeuddovTav atrod
HéTaAAo speculum (TTukvoTnTa: epitrou 8000 kg/m3).
‘EKTOTE, €ival KATOOKEUAOHMEVA aTTO YUOAI (TTukvoTtnTa: 2300
kg/m3), acnuévia aTnV PTTPOOCTIVE ETTIPAVEIQ, ETTOPEVWG
Kauia atrd TIC OTITIKEG IDIOTNTEG TOU YUAAIOU eV gival
METAXEIPIOPEVOG. TO yUaAi ETTIAEYETAI HOVO YIA TIG UNXAVIKES
TOU 1010TNTEG. TOUG 70 TOVOUG YUaAIoU gival atTAwG €va
TTOAU TrEpiTEXVO OTRpIyHa yia 100 nm (trepitrou 30

/\ YPauuapia) apyupou
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|

Function Precision mirror

Constraints Radius R specified

Must not distort more than & under self-weight

High dimensional stability: no creep, low thermal expansion
Objective Minimize the mass, m
Free variables Thickness of mirror, t

Choice of material
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m=7mR*tp
5 g=9.81 m/s?
5 — 3 ng 5<=10 pm
47 Ef

% l/zﬂ_Rz_}[ 0 }3/2

m —
44 E1/3
We treat the remaining constraints as
El /3 attribute limits, requiring a melting
M — point greater than 500°C to avoid creep, zero
0 moisture take up, and a low thermal expansion

coefficient (a<20x10%/K).
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Steel (or speculum)
GFRP

Al-alloys
Glass
Mg-alloys
CFRP

Foamed
polystyrene

0.74
1.5

1.6
1.7
1.9
3.0

4.5

73.6
25.5

23.1
21.6
17.9

Very heavy. The original choice

Not dimensionally stable enough — use for
radio telescope

Heavier than glass, and with high thermal expansion
The present choice
Lighter than glass but high thermal expansion

Very light, but not dimensionally stable; use for radio
telescopes

Very light, but dimensionally unstable. Foamed glass?
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GFRP 2.5 20 Cheaper than CFRP, but lower My and M-
Woods 4.5 10 Outstanding M+; poor Mo

Cheap, traditional, reliable
Ceramics 6.3 300 Outstanding M4 and M.. Eliminated by brittleness
CFRP 6.6 100 Outstanding My and M., but expensive
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EmAoyn YAIkoU yia Aoko Aan£dou
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GFRP Cheaper than CFRP, but lower My and M-
Woods 4.5 10 Outstanding My; poor M.

Cheap, traditional, reliable
Ceramics 6.3 300 Outstanding My and M». Eliminated by brittleness
CFRP 6.6 100 QOutstanding My and M., but expensive
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Case study 2: YAk@ yio 6@ovdvirovg

O opdvdvrot (Borav) amobnkedovy kivnTiky evépyeta. Ot pikpoi spéveviot, Tov
Bpicxovtan ota moadikd mouyvidia, stvat kotaokevacuévor and poAvPl. Ot maiég
ATUOUNOVES £X0VV 6EOVIVAO amd paviéu. TIpdcoata TpoTddnke N yooulal
GPOVOVAWY Y1t 0mOBNKEVOT EVEPYEIDG KA Y10 avaryEVVITIKT TEdN o™ (regenerative
braking) ota oyfinata. Mepikoi éxovv 1181 katackevactel amd yéivBa, utosisnpo,
HOADPL ahAd kar amd chveeTa vAKE. TTow givor dpmg 1 kakhTepn emhoyh vitkoD T
cpovdvrovs; Oepeicte OT1 évag amodoTikdg 6pOVEVAOG TPENEL va amoBnKedEL 6GO
10 Suvatdv TEPLoGOTEPN EVEPYEWR Ve povada ualag, xmpic va aoToyeEl. Eniong
Bewpeiote 6T 0 cEOVEVLOG sivan dickog pe axtiva R kot mhyog t, mov TEPICTPEPETAL
UE YOVIOKT] TaYOTNTA ©.
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Case study 4: Yika ywa shatipia

Ta erampro katackevaloviar og moAAES HOPOES Kot Yo S14POPOVE GKOTOVG:
agovikd, VALoedN Kat EMKOESY eAaTHpIL T AVTIOTPENTIKEG pABoot KA. Ola duag
TPEMEL VoL amoBnKevOLY EAACTIKT EVEPYELX YOPIC Var actoyovv. Ilow eivan dpwe o
KATAAANAOTEPE VAIKG Y10t TV KATOGKEDLY, TOVC. Xpnowonoteiote wg kpreppla TV
ehayrotonoinomn tov Bépovg 1 Tov dykov TOUG.

A

F8 I (b)
:t_ el *f-!.a

pF8

% (c) (d)

! AR
g
1

@ (G Ere @
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Agrtovpylia Elatipro
[Tepropiopot ® Noa unv actoyei, ovykekpiuévo of
210Y0G ® Meyiotonoinon g amodnkevuévng

EMACTIKNG EVEPYELNG OVA LLOVAOOL OYKOL
Meyistomoinom g amodnKevUEVNS
EMAOTIKNG EVEPYELOG VAL LovVAdo LACog
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Case Studies-EniAoyn uAikoU yia Koumia

L Function ! Oar-meaning light, stiff beam
- N
Minimi h m=ALp
Objective inimize the mass, m I
\. J
Length L specified CEl
[ Constraints ] Bending stiffness $* specified =
2
Toughness G, > 1kJ/m 7 HR%
Free
iabl Shaft diameter
NaEMipeE Choice of material
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