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Leading fiberglass solutions with innovations for 80 years

Founded in 1938, a global industry leader in glass fiber insulation, roofing, asphalt,
and glass fiber reinforcements with sales of $4.8 billion in 2011.
16,000 employees in 28 countries.

FORTUNE 500 company for 56 consecutive years
Global leader in glass fiber for composites with 37 plants in 15 countries

®
Owens Corning Invention of continuous Invention of ECR-glass & Ultrablade® fabrics for high
performing wind blades
mvented fiberglass rovmg Pink panther becomes ,I

corporate logo
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Trends in Wind Energy

Predicted Trends for next 5 yrs.*

= Strong growth

= Downward pressure on turbine pricing

Airbus A380
wingspanSOm
15 m-@
2005 ‘ 2006 2007 ‘ 2008 w 2009 ‘ 2010 ‘ *2011 *2012

Technology . .
Turbines are getting larger

Need longer, lighter & lower cost blades with longer life

Technology
Solutions

Requirement for longer, lighter & cost effective blades will drive innovation

eEmerging Energy Research, Report Commissioned by OC May 2010
* European Wind Energy Association Fact sheets 2010



Technical Advancements for Reduced Cost of Energy
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Source: Upwind Project, Public Repont

Material systems need to follow the trends to reduce the cost of wind energy



Blade Material Selection Based on Stiffness per S
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Composite materials offer the best balance of specific stiffness and density

They are light, strong and durable



Composite Material Choices to reduce Cost per Mw/h

iCornposites
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Fiberglass reinforcement provides the cost advantage maintaining the composites advantage



Historical Evolution of Glass Fiber Properties
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Source: OC Own Data

Optimizing the performance envelop for Wind Industry with higher modulus glass



Measuring Glass Fiber Young’s Modulus

lP
Viouna = VEP

A repeatable, reliable method for glass fiber modulus measurement
ASTM C623-92: Young’s Modulus..for...Glass and Glass-Ceramics by Resonance



Construction of the Leading UD fabrics for Blade Spar Caps

Typical Stitching patterns

N

X >

-Tension, etc

Lv4

N T ! Stitching Technology
%| 9 -Yarn Denier

E‘ l -Pattern

v

Warp constructions
-Glass

-Micronage
-Tension etc

Winding Process

Every UD fabric manufacturing process step is critical can affect the overall performance



Comparison of Theoretical and Measured Ultrablade®

Modulus at 56% Vf

CompositePro using Sonic Modulus IMA Test Lab

ompositepro L]
Test Report iIMA
- SE12EID‘ — LTx1240 static characterisation DRESDEN
3 .
Chop Eglas o FiakeicJhicknass. ) Test Report No.: B440/10.1
) . SO —
CFM-VE & e Fiber Type: | Advantesx SE1500 v
SE1500-MC [T Vil = T
P Fiber Volume % = 565
SE1500-MC > ElPa) WindStrand-MGS .S65V1 A = { 7 5 2
SE1500- N E22Pa) 8.70000E 410 Narme: [WindsuandH-MGS 565V o i e B | 4 Evaluation
WindStrand G12Pa) | 303400E410 e s Void Volume % = L] 1
Advantex St e
b 623 S03400E 10 T s 5o } 44 Fibre content according to DIN EN ISO 1172
< Laminates :'"n: ER0EA) ENPs  SwmaEe0 S| IR Table 6:  Fibre content of test laminate B440/10-UD1
ADVHEXUL ] 200006 01 ; 7
App Felt lan 5 :g:; :::x‘lz Specimen-no. I b a pL "] Wy Vi Vo .M A
#pp feh an G [ L e AT —— ] | fmm) | (mm] |forem | fg/m) | £ | 16| 1%
Agp Fel ski e B440/10-UD1-FC11__| 30,01 | 1996 | 1.75 | 1,968 | 2656 | 75,00 | 56,56 | 1,76 DRESDEN
GIRDER -"“”_" ki G13Ps) SHE B440/10-UD1-FC12 | 30,04 | 20,03 | 1,74 | 1,964 | 2524 | 74,94 | 56,39 | 1,90
QUADSRC LG G2 43934EN09 B440/10-UD1-FC13 | 30,00 | 2002 | 1,78 | 1.969 | 2565 | 75,11 | 56,66 | 1.80
L2000 Ersh il MR N2 2uss3E 0 Average value:| 1,967 | 2546 | 75,02 | 56,54 | 1,82
0806 Ere N3 24352601 Standard de 0,003 | 21,8 | 0,09
sy HU23 4 07ZIED Coefficient of variation: | 0,13% | 0,86% | 0,12%
;?;;gg";g: Pr— 4.3 GCOompl TeSTacCoraing 10 UTN EN TSU T4 TZ0
X10B71 p,,p: CTEZm/n/T) 257605 Table 12: Comp ion test in 0°test direction acc. to DIN EN ISO 14126, test series B440/10-UD1-C0
EndAreaim?) | 4.32300€ 07 T 516822602
i:g;ggzz: | FEERISEE £ CTEI) |22157E.05 et Specimen-no. a b Fn | Oem E. een | Validity Ar, [%)] | Failure
cloon | e STT0ECS — mm] | [mm] | [N] | [MPa] | [GPa] | [%] [10% F.|90% F.| mode
SE1500-H 15037603 e B B440/10-UD1-C0-01 171 [ 14,96 [22490| 879,1 [49,948| 1,97 | 0903 | 1.184 | 2
Cosno 15037E03 JEREE R ¢ £0E 0 B440/10-UD1-C0-02 1,71 | 14,88 |25702|1010,1 /49,822 | 2,09 | 0023 | 1264 @ 2
L1020 SATRED B440/10-UD1-C0-03 170 | 14,91 |25319| 998,9 |50,742| 206 | 1900 | 3,044 | 2
1000 HPC S 02 Test Report B440/10-UD1-CO-04 | 1,70 | 14,92 |22408 | 8835 51,028| 1.77 | 1905 | 4441 | 2
UtraBlade 7.02807E 06 . B440/10-UD1-C0-05 1,71 | 14,90 (22834 | 896,2 [50,569| 1,83 | 1,177 | 0440 | 2
ADV - Nove oS LTﬂzwsm'”.ham B440/10-UD1-C0-06 171 | 1491 [21478| 842.4 |50,300| 1.70 | 1247 | 0251 | 2
Vestas BIA> LarinsteHone: [Ubafiade G2 Test Report No.: BA40 "5440/10.UD1-C0-07 | 1.72 | 14,95 |21515| 8367 |48.576| 1.71 | 0,037 | 0,005 | 2
L1800 _ Average value: | 906,7 | 50,284 1,87
] ainatn| [ rag s s I
UlraBlade fobia e o el Standard deviation: | 70,3 | 0,528 | 0,16
miﬂﬁﬁﬂ bk Lo Coefficient of variation: | 7,8% | 1,0% | 8,6%
Wi 42 Tenslle test ac Miax: [ 010,151,028 2,00
O oLt : , X Min: | 836,7 49,576 1,70
S i 3| Advertex SETS00MGS 58541 Table 10: Tensile testi R(5%,95%,v.n). | 747,4 | 49,087 | 1,51
BIAX 800 - | IWrdSuamMEs BESVT Specimen-no. a B Fm Om E €m 1
TRIAX 120C [mm] | [mm] [N] [MPa] | [GPa] [%] [l
TRIAX 120C B440/10-UD1-T0-1 176 | 1503 | 20445 | 1113,1 | 51472 | 245 | 036
UltraBlade ¢ 3440/10-UD1-TO-. 1,79 15,00 29046 | 1081,8 | 49,674 2,53 0,38
3440/10-UD1-T0- 175 | 1502 | 28653 | 1090,1 [ 48,149 | 281 | 028
3440/10-UD1-T0-4 178 | 1499 | 27804 | 10420 [ 45710 | 238 | 030
5440/10-UD1-T0- 179 | 1407 | 26717 | 97,0 |48047 | 244 | 030
3440/10-UD1-T0-6 176 | 1490 | 28081 | 10712 | 40202 | 247 | 030
Average value: | 1065,9 | 48,724 | 2,48 0,34
Standard deviation:| 41,0 | 1,831 | 0,08 0,05
Coefficient of variation: | 3,8% 4,0% 31% | 14.3%
Ex - 49 GPa Max: | 11131 | 51,472 | 2,61 0,39
Min:| 997,0 | 45710 | 238 | 028
R(5%.95%.u.,n): | 9709 | 44,250 | 230 | 023

Average Et&Ec =49.5 GPa
Excellent agreement between Classic Laminate Theory using Sonic Modulus values and

actual test data



Higher performance of Ultrablade® Fabrics
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Ultrablade® fabrics provide significant improvement in modulus, strength and increased
fiber volume fraction in UD fabric laminates

Source: Own Data, Optimat, Independent test reports



Superior Fatigue Performance of Ultrablade® Fabrics

Stress
it R=0,1
g (high tension — low tension)
(@) (]
Q (J
E Narmal
o)) \\U'Uﬁg- — OV
Q ) AN + (o) B E
= 0,008 \ // 40% ===~ Ultrablade
' / \\ Mean StDev N
0,007 - ! M2 45,24 16
10e+7 ' ] y %63 4% 8
A\
Log [ N] Load cycles 0% ;‘ I 235 4880 2
> \
5 0,005 ! \
£ !
[ \
Q 0,004 i \
After analyzing multiple fatigue series oo !’ \
the allowable maximum strength has ' /z \
been observed at +40% vs E-glass e / "
fabrics ooy -/ i
U,UOU — 7(.-. T T T S T
180 240 0 B0 40

Max tensile strength at N=10e+7 cycles R=0,1 [MPa]

Source: Own Data

Ultrablade® has better fatigue performance vs E-glass




Ultrablade® Exceeds GL Fatigue Requirements

Ultrablade Fabrics exceed GL blade design minimum fatigue slope requirement
— GL requires a minimum slope of 10
— Ultrablade has slope of 12.5 and 20.8

1000
g
g
I
g ; Ultrablade® Fabric: Slope =20.8 @ 53% FVF |-
'é.;._.“ o | Tl
P =—=3>3=F1 —
- o 0 1 N ) s e’
£ 343 ===i. - 3077 s ‘.— ~=F4341
'“'-—1‘-|‘L_T-_—:-"‘"‘-- | | 2789
261.4 “~~=<k_l I
e e e — —————
Ultrablade® Fabric: Slope =12,5 @ 56% FVF *
* values B440-10-UD18
o outlier B440-10-UD1.8
m  values B495-10-UD2 8
== survival probability 95% (95% confidence level)
——— survival probability 50% B440-10-UD1.8 i ek
w— survival probability 50% B495-10-UD2.8 ) )
100 | I T T TTTT] | [ T T 11
1,0E+03 1,0E+04

1.0E+05 1.0E+06 load cycles N (1og) [] 1.0E+07

Ultrablade® gives excellent fatigue results even at higher fiber volumes



Modeling the fatigue performance of Ultrablade® Fabric

1001001 1002001
1001002 1002002
3201001 3202001
3201002 3202002

2 PLIES OF TRIAX

oo oo 16 PLIES OF UD
3201015 3202015
3201016 3202016
4001001 4002001
4001002 4002002
5001001 5002001 1 PLY OF ADHESIVE

2 PLIES OF TRIAX

Extrados Intrados
El. 214672 El. 314652

Stress along fibre (811) per ply at Hotspot

TIME [s]
262 263 264 265 266 267

Stress [MPa]

| A WPV
Ultrablade® Fabrics

-120

-140

-160

——811_1001001 —S11_3201001 ——811_3201006 —S11_3201011

—811_3201016 —S11_4001002—511_5001001 ——S11_6001002

Identified the fatigue hot-spot for a typical wind blade

268 268 270




Calculated Fatigue Damage

. Calculated Fatigue Damage
Goodman Dlagra m up to 2* 106 CyC|eS Accumulated Damage According to Miner's Rule (Linear Goodman, 15 years) : D = 0.0098107

300 ~ —» Lifetime = 1528.9365 years (Safety Factors: G |jog =2.646; G5 = 2.646; G g = 1.6335) % 10-4

stress ratio R = 0.1

stress ratio R = -1 T

stress ratio R = 10 12

250 1
3
x10
_. 200} 10
g :
o
@
B 150}
é ]
%
L
¥ 400}
- 6
50
Soo — ‘l 460
mean stress o [MPa]
Goodman Diagram & Rain flow

counting results

Stress Amplitude
[MPa]

Mean Stress
[MPa]

Optimized blade design with weight reduction and improved laminate properties
results in improved fatigue life
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Ultrablade® Fabrics - improved properties enables blade weight reduction &
load reduction on other wind turbine’s components such as pitch bearing,

main bearing, main shaft & gear box

Higher Modulus, Strength, and Longer Blade Life Reduces Cost of Energy



Owens Corning

#1 supplier to wind industry with a full range of blade reinforcements
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