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¥uHZ: <19 (pm)

B ufIaiRE: >0.4 (N/tex)

By RAEE . >76 (GPa) >72 (GPa)
B R K E: 2%

SKE <02 %

TRYLE: 0.4-0.7 (%)

HPREFE : <2.6(g/em’)

AL ZE: 300, 600. 1200. 2400 (tex)

.. PERE



HESE R Rl —T LR

IIlIlIIIlllllll..llllIIIllllllllIlllIl--------.

'ﬁ

B A 48, Rige. =9, WL EZ =43 KLENFHF S5
X, ANHEARRNE R, #R2EQEMRITFR EFHERN. SHEHREL
Ao TR (ARG RMAH]) :

yi:fia HEE (g/m?) HIESH (tex)

00 1150 2400

900 50 <200

g 28, BEiA
T2k
SilEi 4] 8
#M . PET

SR 50

PRUETI . 1258 (£3%) g/m? (ISO3374)
R 0 -

CRSISES

LYoz, Bz, FRJi. Ghez

22 RHEB AT o) S BB

Page 8 cse PEIRME



HESE R Rl —T LR
(__ T —

BN et hhE LARHEA LY, ARLAFAHEE. HRRTE

AEI. BERIERFNE, REHBAELER,

Page 9 .. PERE



HESE R Rl —T LR
,—_ e —

2 RFEBRRKERBREFRR B EE ., F2A BIFEHEZRE, RiE
PR ERE] . (ST I AR ik K ) ABIMSIAA B &
MRS, REEHEE. AL, XREFFTARLE.

Page 10 .. PEREF



R SE A F—E

Page 11

kTS

i [],

Ml

£ R

.. PEREF



1 s fr 3 —X %

Page

12

][],

=ER

Parameter

Biax

Material Name

mass per unit area

type_1

Thickness per layer

mass per unit area

type_2

Thickness per layer

Ex_t

EX ¢

Ey t

Ey c

modulus

Ez

Gxy

Gyz

Gxz

Poison xy

poisson ratio

Poison yz

Poison xz

density

Density

Fibre Volume FractionV_f

fiber content

Fibre Masss Fraction W _f

sigma x_tension

sigma X_compression

strengths

sigma_y tension

sigma_y compression

tau_xy

failure strain x, tension

failure strain x, compression

strains

failure strain y, tension

failure strain y, compression

failure strain, gamma
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_ Material

Parameter
Name

Material Name
mass per unit area
Thickness per layer
Ex_t
Ex_c

Ey
modulus Ez

Gxy
Gyz
Gxz

Poison xy
Poison yz
Poison xz
Density

poisson ratio

density

Triax Fibre Volume Fraction V_f
fiber content

Fibre Masss Fraction W_f

sigma x_tension
sigma X_compression
strengths sigma_y_tension

sigma_y_compression

tau_xy

failure strain x, tension

failure strain x, compression

strains failure strain y, tension

failure strain y, compression
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failure strain, gamma
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Maweral E-Glass Carbon
Process VARTM Frepreg
Fiber Volume Fraction ~54% ~58%
Composite density, gfcc 1.8 1556
Tensile Modulus, E., (GPa) ~ig 2 130

Tensile Strength, UTS (MPa)"

~ 10007800

~ 20501750

Tensile Strain, = 1.8% 1.4%
Compressive Strength, UCS (MPa)* -~ 20ngs0 ~1300/1150
Compressive Straim, £.,, 1.5% ~0.8%
Specific Modulus, Efr 20 E1

SN Curve Inverse Slope, m B 20

* First numizer i mean, second number is 8575 confidence
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Chord Airfoil Out-of-Plane | Girder
Lengths Thickness Prebend Material

Power Longer Thinner

Performance

Loads Shorter Carbon
Blade Cost Shorter Thicker Large Depends
Blade Weight  Shorter Thicker Large Carbon
Deflection Thicker Carbon
System Small Carbon
Dynamics

Manufacturing Small Carbon
Handling Shorter Small Carbon

Copymight @200 Welta| Engineering & Zalak
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Material Usage

KT 4E T i 25T RS A

Carbon vs Glass <50m Blade

Blade

{Length {m} 453 453 50.5 50.5
IRotor Diameter (m) 928 .93 1034 103.4 103.4 . 1034
IRated Power (MW) 10 1.0 15 15 0 1.0
Shell Materiat E-Glass - E-Glass E-Glass E-Glass E-Glass
infused with Epoxy infused with Epoxy fnfused with Epoxy  § Infused with Eposy

Spar Cap {Girder) Material Infused Glass - Carbon Carbon Infused Glass Carbon Prepreg - |
Girder Design Box-beam (2 Web) {-beam (1 Web) Box-beam (2 Web)
[Miaterials Mass (kg) s

Cpar Cap Carbon Prapreg S 500

Spar Cap Diry Glass + Infused Resin . 2.B17 e e

All other glass + resin 55859 5,405

Balsa o400 445

PVC Foam 150 150

Adhocid 230 130
Total 5,456 7,130 |

Costs per Blade , \m 25%, -—-‘"

Key Material Cost (5) e

CarbonPrepreg  § 23.50 J/ig S - 18 21,150

Dry Glass S 250 Jkg 5 15833 )5 9,863

Epaxy § 700 g f5 1640318 10218

Baka S 1500 Jig J5 500015 6,675

PVC Foam & 1200 Jig J5 1200 18 1,800

Adhesive S 13.50 Jkg 4 %,H}S g 3,105
Total 5 : 43,“1 $ ' 52,!10

i
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Material Usage of
Carbon vs Glass 57m Blade

)
i Exmevamtar {ond

At sl

; Flasar Congs (G0 § Mg tal

Sals Mlask Ehgl
Synar Cag Caatiom Pragrin
Boar i Doy (i + funad Ranly
Al ot ghase v oedn

Bt e (3 Wb |
e 27% weight reduction
; AURIRAERUUE -l £ L 14% cost increase
| IREDRMMREN
b
3F5
_1
M6
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Material Usage of
ok B Lo TR A e L e SARETFE Foalaol g ; -
[ ey Fr T4 T This is Material Cost
| Pastor Cowrraten {w) Lhi 152 255 only
|t e ' El i
| it g racial & Lk § ki [Ty rrp—
: P | | Eelmaef Slaes 1§ Cavlim Puagaeg | i
T e Reeary £ Weld Pt k) b bmarn (1 Wik
| e rals htana fg)
Sgman L awge D Boseon Faeegs wom, 23 Al EEa
i | feear Comge Doy Gilana & e Pumand Hmpin BTEL ] L ¥ .
| frpivonget il 8413 25,881 1623 Inciucies i’iﬁﬂ 5“":‘”
| in Carbein .l whd
] Gore Matasa s FAT ) 1LAF7 Skin 1
| s e arg 1080 L0
| ot tastmanrs 20 AR | a8
™ FUET B du Thoada
| frty pun Siacde s g
| Jrew Mararias cout 15 % ]'E"""'—'_._‘
| tarton #recema E8S0 fu 4 i R S ETERS]
| | Dy uiass i S0k fug 1 BEELT 5 R1, N % R
|ty s ror pim| | o8 AT 3 £2,920 & ALY
| cone s pgll s ziaon | s 24,250 5 16,40 i
N, T s1200 ralls 11,990 i s 5 11 "
P RrE e w— ji880 e L3 BAALS i tiﬁ_‘:"',.&d{. R
| lges 3 gomaxs | ds  zerews i3 sawrie”
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Material Usage of

Carbon vs Glass 90m Blade
= wWeso-ime: | [ aEsoam< | [ wesoaoec

This is Matenal Cost
anly

Carbon Blades have
less mass and cost
about the same as
glass blades

Glass: 53 mt

Carbon 1: 36 mit

Carbon 2% 24 mit
* CGIG SKins

5 2350 g
$ 2350 /ug
£ 3100 gl & 106313
£ 700 gl 5 91,783
1500 gl S 38 #99
$ 1200 gl & 9,778
£ 13%0 gl % 1% 382
[Fotmt ]
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Mechanical data of unreinforced (neat) resin

requirements

Density g/em*] 1,15 - 1,20 -
Flexural strength N/mm?] 105 - 135 > 100
Modulus of elasticity kKN/mm?| 3,0 - 3,3 >2.9
Tensile strength N/mm? 65 - 75 =55
Elongation (€__ ) % 4 -5 >2.5
Impact strength KJ/m? 35 - 45 =30
Water absorption 24h %] 0,10 - 0,25 -
at 23°C 7d%] 0,25 - 0,45 <50
Curing: 24 at RT postcuring: 10 h at 80°C -
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145 +

125 +

105 -

<3 =~k B i =

85 |
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25
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85
80
7D
70
65
60
25
o0

0 2 4 6 g 10 Time (h) 12

Extrapolated Tangent Mid-point (°C)

s CLUred at 80T = cured at 70T ====cured at 60T

KR RREEEZW~ RN EREE.
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TRARFEAZIR UD e ImERY] =inERY]
0 %ﬁﬁjﬁg 39 >11.4 28
0 TE'TE:;)@'TE’H% >1.95 >2.2 >2.1
o ‘QPT E=5
0 %ﬁ?ﬁ& <550 _ <-500
0 %ﬁ*ﬁg 40. 5~44.55 >11.4 30~33
0 Egﬁ@% <-1.25 <2.5 <-1.75
90° ﬁaﬁjﬂéﬁﬁ 40 — —
90° i fti 6.3 _ —
GPa '
90 Jﬁiﬁéﬁﬁ <110 — —
90° FR 4t 6.3 o _
GPa '
ARG WA LN AR T
A2t i H(y@/ﬁ:$/\ SCEN 72/53 70/50 71/52
0
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o | 7| o i o B/ 1 2 3 -5 B A
fir {8 S / M Pa 48 50 45 il
e 4 b B 2, 42 2,36 2. 46 8. 71
T iy S5/ MPa 116 120 117 103
L SR/ MPa 1184 121 120) 42
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B PVCEARRI A ERE
| e | ok | wropmens | sy | DVUIN | IRARSR | IR
ZE kg/m3 | vol-% MPa MPa 30;05 M%a M%a
PR PVC60 60 <2 >15 >0.6 >4 >0.65 >48
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B BALSA/KH A ERE
7 24 BT o
s | g | OTEGE | 0BG | 900 g | 900 i | AP | iy | wry
G e | e | | e || o | g
& MPa MPa MPa MPa % MPa
MPa
15k 150 <12 >5 >2275 | >04 >35 >1.1 >15 | >105
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CORE THICKHESS, (mm.)

0 10 20 30 40 60 60 70
80O —— —
'_N.-’LIMGE CORE DENSITY:
. 700 A, -- 681 /cult 1°
BALSAKHI LR g | e
= 500} =
= i ~8 3 %
B EEBALSAHIX RS : & 5 400 } o Z
o ~a o
& 300 | P
3 % s = o e 2 e, 5
Wit Z#EsRAA, ZBALSAE 0y 200 + T A 5
B 100 |
EXF50mmEy, HEEYRE oL 0

0.0 0.5 1.0 1.5 2.0 2.5 3.0
CORE THICKNESS, {in.’]

™ B%iﬂﬁ ° Shear strength vs. thickness for end-grain
balsa, ASTM C393 flexural methods.

B 5.8Ib./cu.ft=92.8Kg/m®*  12.5Ib./cu.ft=200Kg/m?®
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Single Lap Shear (50°C)

1 mm/min pull speed; 0.5 mm bond line | l
e | |
30 - KM EREERM (RERE
25
1 mm/min

_ 20 1%
a
=
$15 1 MR
s
g
s

o |

EEMARR

Aluminum Steel Glass-Fiber Carbon-Fiber
Epoxy Composite Epoxy Composite
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Tensile Modulus (GPa)

SRRy m E 2%
ASTM D638 v BJik#f; 0.5mm/min

10.00
O —— S -
R 7 e YR e E A AT
faERIAL iR = F0 NIJFE;
HEKEMTe X T RS
B TEIMEIRESOC
0.10
0.01
-40 -30 -20 -10 0 10 20 30 40 50

Temperature (°C)
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Bond Line Temperature (°C)

BRI H D B IER B
£9100°C

1 R T B R AR A SRS T DEEE



R FAT—[E L Y 48

(_

cwiO/Bi s}
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1.32

L.30
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Density

Helium pycnometer

o kB2 i T [ 4K
S FE 2 E IS n.

1.00% HY {7 72 44 43 ,
0.33%HY 2 14 Y% 45
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