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Abstract

This report provides basic documentation of information used to create a BSDS finite element
model using NuMAD. The model is intended for use as a structural model. Use of this model for
aerodynamic analyses is to be performed with caution. The BSDS project successfully
demonstrated the design and manufacturing of a wind turbine blade integrating several
innovations including flatback airfoils on inboard blade stations, a carbon fiber spar cap and an
iterative blade design process. Refer to the References at the end of this report for full and in-
depth information on the BSDS blade project.
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MODELING APPROACH

NuMAD' is a MATLAB?-based tool developed at Sandia to provide an intuitive interface for
defining the outer geometry, shear web locations, materials and stacks, and stack placement in
wind turbine blades. The output from NuMAD is a sequence of ANSYS® APDL commands used
to create the finite element model in ANSYS. Once the model is created, various analyses are
used to understand the strength and response of the blade to given loads.

The BSDS project successfully demonstrated the design and manufacturing of a wind turbine
blade integrating several innovations including flatback airfoils on inboard blade stations, a
carbon fiber spar cap and an iterative blade design process. Refer to References [4,5] for detailed
information on the BSDS blade project.

The BSDS model is based primarily on the intended design of the blade. Layup drawings are
included as Appendices in this report. Some material locations were obtained more accurately
by actual measurements of a manufactured blade. Material properties used in the model are the
same that were used in the design process.

This model has not been calibrated to match blade test data. Due to possible small discrepancies
in design versus manufacture, the model represents the intended blade design, but not necessarily
the manufactured blade. For example, the computed weight of the blade model is lower than the
actual blade weights.

The model described by this report is meant as a starting point for a validation project or as a tool
that can be used for research and engineering studies of blades.

Blade Geometry

Length of the BSDS blade is 8.325 meters. The blade features a flatback airfoil for half of the
blade until developing into a typical airfoil trailing edge. Flatback airfoils differ from truncated
airfoils and offer the structural benefits of thicker sections without large aerodynamic losses. See
References [6,7,8,9,10] for information on aerodynamics of flatback airfoils.



Figure 1: Original Airfoil Sections - Root View (Reference 4, Figure 17)

Table 1: SolidWorks Model Geometry Details with Twist (Reference 4, Figure 23)
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Figure 2: SolidWorks blade model (Reference 4, Figure 30)

Aerodynamic Center
Aerodynamic center at each station is assumed to be located at x/c=0.25 and 0.50 for airfoil
shapes and for circular shapes, respectively. These are only assumed values. A more accurate

representation for aerodynamic center locations is obtained through an in-depth analysis of the
airfoil performance data.

Normalized X-Offset

Normalized x-offset at each station varies depending on span location according to Table 2

Table 2: X-offset keypoints

Span location (m) x-offset (x/c)
0 0.5
0.238 0.5
1.2 0.355
4.2 0.355
7.875 0.45
8.325 0.45
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Figure 3: BSDS model as viewed in NuMAD v2.0.
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Figure 4: BSDS blade model in ANSYS.
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MATERIALS

Table 2 lists the properties of common materials used in the BSDS model.

Table 3: Summary of Material Properties

Seartax 60z
Property | C260 Car!)on_ ?ZB(%[ 1:3(%[ Balsa g) ‘;lt 0‘17\/51(;— Woven_
triax Rug
Ex (GPa) | 37.30 73.85 9.58 9.58 0.120 | 3.44 7.58 9.58
Ey (GPa) 7.60 6.82 9.58 9.58 0.120 | 3.44 7.58 9.58
Gxy (GPa) | 6.890 3.320 6.89 6.89 0.020 | 1.38 4.00 6.89
Vyy 0.31 0.25 0.39 0.39 0.3 0.3 0.3 0.39
p(g/cm3) 1.874 1.685 1.814 1.814 0.23 1.23 1.687 1.814
Layer 2.4 or
thickness '1 4 34 0.620 0.737 6.4 0.508 0.305 1.1
(mm)

Measured Material Properties

Mechanical tests were performed in order to determine the as-built mechanical material
properties for the blade materials. The test-derived values have not been included in the model
here, but the results of those tests are included in the TX-100 report'' as Appendix A.

Material Layup

Drawings for manufacture of this blade are included in the Appendices of this report.

The model is based primarily on these drawings but is supplemented with actual measurements
of a manufactured blade.

Blade Root Hardware
Blade root hardware is not included in this model of the BSDS blade. Steel is included in the
base of the root to help account for the weight of the hardware.

Leading Edge Alterations

The leading edge has some alterations to the material to avoid shell element errors in ANSYS
while using 8-noded shells (i.e. SHELL281). Leading edge material composites were renamed
with a modifying tag: “ x10”. The modification indicates that a material in composite was made
ten times as strong, stiff, and dense, and one-tenth the thickness. This modification has been
performed in small areas along leading edge.

Sharp Element Alterations

Because of errors in ANSYS due to excessively sharp elements, some of the material layup has
been slightly modified to have blunt edges. This creates a solvable ANSYS model at the price of
minor inaccuracies. These changes have been deemed negligible because of their extremely
small size, and because of the inherit imperfections of the built blade due to manufacturing.

13
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BLADE MODEL ARCHIVE FILES

NuMAD Project Files

The following files are located in the BSDS blade model folder, BSDS v1.0:

BSDS v1.0.nmd

The NuMAD blade model data file. This file is for use with NuMAD v2.0.

MatDBsi.txt

The NuMAD material data file.

shell7.src

Output from NuMAD. This file contains the APDL commands that are used directly in ANSYS
to create the BSDS shell element model using the command string “/INPUT,shell7,src” at the

ANSYS command input.

zAirfoil.mac, zFlatback.mac, zZSmoothe.mac

These are ANSYS macro files that are required to execute the commands found in the shell7.src
file. These macros must remain in the same folder as the shell7 file when the ANSYS input

execution is performed.

‘Airfoils’ Folder

Following is a list of the airfoil shape files found in the BSDS airfoils folder:

BSDS_0000.txt
BSDS_0089.txt
BSDS_0238.txt
BSDS_0350.txt
BSDS_0394.txt
BSDS_0550.txt
BSDS_0550f.txt
BSDS_0675.txt
BSDS_0675f.txt
BSDS_0730.txt
BSDS_0760.txt
BSDS_0800.txt
BSDS_0830.txt
BSDS_0860.txt
BSDS_1055.txt
BSDS_1075.txt
BSDS_1178.txt
BSDS_1200.txt

15

BSDS 1370.txt
BSDS 1575.txt
BSDS 1775.txt
BSDS 1985.txt
BSDS 2175.txt
BSDS 2475.txt
BSDS 2700.txt
BSDS 3100.txt
BSDS 3575.txt
BSDS 4200.txt
BSDS 4815s.txt
BSDS 5150s.txt
BSDS 5625.txt
BSDS 6715.txt
BSDS 7350.txt
BSDS 7455.txt
BSDS 7875.txt
BSDS 8325.txt
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EXAMPLE ANALYSES
Following are results from basic analyses. These results can be used as a baseline for

comparison if the user needs to check the validity of their model against the original archive
files.

Mesh Size
The global element size (AESIZE setting in ANSYYS) is set to 0.04 meters.

Model Mass

The overall model mass is 101.626 kg, as calculated by ANSYS. The spanwise location of the
blade center of mass is at 1.9726 meters.

Based on measurements of the production blades”, the weight of the average as-built CX-100
blade is 131.0 kg and the spanwise location of the blade center of mass is at 2.201 meters.

Modal Analysis

A cantilevered modal analysis of the BSDS ANSY'S model is performed. The Block Lanczos
solver is used to find six modes.

Table 4: Results from an ANSYS modal analysis.

Mode | Frequency (Hz) Shape
1 4.0692 1™ flapwise bending
2 6.8840 1*" edgewise bending
3 9.0599 2" flapwise bending
4 17.273 3" flapwise bending
5 18.835 2" edgewise bending
6 29.142 4™ flapwise bending
Static Analysis

A cantilevered static analysis was performed on the BSDS ANSYS model, using a flapwise (t-
direction) 1000 N pull on the tip of the blade. Results were processed using the material
coordinate system (RSYS,SOLU) and mid-thickness results (SHELL, MIDDLE). Shown is the
elastic strain in the material x-direction, or blade spanwise direction. Maximum tip displacement
computed with this analysis is 1.77076 meters.

17



ELFMENT SOLUTION SEP 28 2012
STEP=1 15:00:16

SMX =.016884

3 7 = =% 5 s
G280 —-.023019 plstel —.013043 gHsaes —.003068 e .0069208 gLIEDR .016884

BSDS

Figure 5: A plot of the composite material x-direction strain resulting from a static
analysis of the BSDS blade; view of HP surface is shown.
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PreComp Analysis
NuMAD v2.0 provides the capability to use PreComp'? to compute sectional properties of the

blade based on the information contained in the NuMAD blade model. Following are the results

of those analyses:

| i L I o i L 1 I
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
BlFract BlFract

2 i I i i I i
0 01 02 03 0.4 05 086 0.7

3 1 L L 10
BlFract

1071 i
0 0.2 0.4 0.6 0.8
BlFract

106 L i L L L 102 i L L L
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
BlFract BlFract
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0.2 0.4 06 0.8 1 0.2 0.4 06 0.8 1
BlFract BlFract

BMassDen

L i I I
0.2 0.4 06 0.8 1
BlFract

Figure 6: Equivalent section properties computed using PreComp; parameters
definitions are consistent with FAST blade input file inputs.

BPE Analysis

BPE is an approach used to compute equivalent section properties of the three-dimensional blade
model using an inverse approach13. This blade can be analyzed using BPE, however, there are
some caveats discussed below. Following are the blade cross section property distributions

computed using BPE.

-
n BPE Segments

A A A A A A A A A A A A A A A A A A A A A

3 455 7 SOE 61 18 19 N M 2 0B 25 ® il - = 30 El 2
Click on stations to select | deselect, or enter station numbers: 1,4 13,19, 22, 24, 25 26, 27, 28 29, 30, 31, 32, 34 35
Blue triangles are positioned at recommended 5% span spacing.
Solid green lines are stations selected for BPE analysis. l Save and Close J l Cancel
h r—

Figure 7: Chosen edges for elements in the BPE analysis.
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EdgStif

L I L I I
0.2 0.4 06 0.8 1 0 0.2 0.4 06 0.8 1
BlFract BlFract

BMassDen

L I I
0.2 0.4 06 0.8 1
BlFract

Figure 8: Equivalent section properties computed using BPE; parameters definitions are
consistent with FAST blade input file inputs.

The inboard region of this blade is quite stiff. The stiffness causes numerical issues when the
inverse approach for finding effective blade properties is used. Current capabilities of the BPE
algorithm require that the BPE elements for the inboard portion of the blade be much longer than
what would be ideal. See Figure 7 for the BPE element edge indications. Even with this
selection of segments, segment #3 is a singular element. BPE attempts to deal with singular
elements by automatically expanding the length of the element. This approach is not ideal in that
it may contaminate the accuracy of the equivalent properties for adjacent elements, i.e. element
#4. Additionally, in this blade model we see issues with computation of certain parameters,
especially EAStff, in the vicinity of 75% span.

The development of the BPE algorithm is still an area of active research and development.
Future work will seek to improve our understanding of these blade property computation issues.
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APPENDIX A: BSDS LAYUP DRAWINGS - HP/LP SKINS
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€0.381-0.505 mm THICK)
€015-.020 in THICK)

LEADING EDGE
/ 7777772
/A LS
L LLLZ L
TRAILING EDGE
4000 00 6000 00 800 900
1 [ 46508 | GELCOAT, SPORT WHITE, 953—WA411 (LB)[ 10.0
NO. | PART NO. | DESCRIPTION | a1y
PARTS LIST Z5
PROECT
Qipl ComposITES INC. BSDS PHASE i ~
Ny Se5208 T ) S e HP SKIN g
x| o | xox [ eS| uMLESS OTHERWSE SPECFIED: LAMINATE SCHEDULE !
20 [ 210 410 | 25 | waoaneo sureace rmses Y/ [Tsze [ove o REV |g
AL w [ A | SNL-009M—01-BSDS-L0 I B|g
b THRD MGE o PART £ BSDS 1 [or ev: 0sa [*** s i
O REERIOULD W L G m PR oot e presstin |FLE: Lom _BSDSI_HP |DATE:2/4/05 | SoE oW [STT &F 1|

3 | 4




! [ 2 - 3 4

[0 wa.
SNL—009M—01-BSDS-LO | —
REV DESCRIPTION BY | APPR. | DATE
A DETAIL_ DESIGN LAMINATE DSB 2/4/05
B_| PRODUCTION LAMINATE DSB 9/12/05
] AT-PRIME
CABOUT 0.127 mm THICK)
CABOUT 0.005 in THICK>
TAPE OFF 1/2* AT THE ROOT LEADING EDGE
BEFORE APPLYING AT-PRIME
s e
————/"// TRAILING EDGE
0000 1000 a0 300 A0 00 6400 700 800 9000
LAYER 2:
- ROLL AT-PRIME OVER ENTIRE SURFACE AS SHOWN
- THICKNESS AFTER ROLLING SHOULD BE 0.381-0.508 M (0.015°-0.020°) T [ 46710 [ AT-PRINE ADFESION, PARTS A AND B (IR
_ ALLOW AT-PRIME TO AIR DRY NO. | PART NO. | DESCRIPTION [ ary
PARTS LIST -
PROECT a
Qpf ComposiTEs INc. BSDS PHASE Il £
Ny Se5208 T ) S e HP SKIN g
A X[ o [ x| AWGLES | UNLESS OTHERWSE SPECIFIED: LAMINATE SCHEDULE 1
20 [ 210 410 | 25 | waoaneo sureace rmses Y/ [Tsze [ove o REV Ig
AL w e e 2= A | SNL—009M—01-BSDS-L0 I B8
b -@—émm TP PART £ BSDS 1 |OR BY. 0S8 |70 s i
R O oh . ST oot senTen plamsiaon | FLE: Lom_BSDSI_HP [DATE2/4/05 [ Soaie woRe ST 06 1]

1 2 ~ ; ] 4




1 - 3 4
[owe w0
SNL—009M—-01-BSDS-LO eSO
REV DESCRIPTION BY APPR, DATE
A | DETAIL DESIGN LAMINATE DSB 2/4/05
B__| PRODUCTION LAMINATE DSB 9/12/05
D
LE FLANGES
LEADING EDGE
INSERT THE 1/2° PLYWOOD
ROOT DAM BEFORE LAY-UP
C
TRAILING EDGE
0000 1000 300 400 S0 6000 0m 800 9000
TE FLANGES
B
INSTALL RETURN FLANGES / INSERT ROOT DAM:
- INSTALL THE RETURN FLANGES ON THE MOLD
- ENSURE ALL FLANGES ARE IN THE CORRECT LOCATION BY MATCHING THE FLANGE
NOTATION TO THE MOLD NOTATION
NO. | PART NO. | DESCRIPTION [ a1y
- WAX THE FLANGES TO ALLOW FOR PROPER RELEASE PARTS LIST
PROKCT 23|
- ENSURE ALL FASTENERS ARE HAND TIGHT COMPOSITES INC. BSDS PHASE I =
M hon d43-1200 £ax taon 050 | € HP SKIN g
; v = s
- (NOTE: IT MAY BE NECESSARY TO LEAVE SOME OF THE FLANGES LOOSE TO FIT FABRIC T [ D] s vt S5 AGRIR:: SELEGULE g (A
UNDER - THIGHTEN THE FLANGES BEFORE APPLYING THE VACUUM BAG) IS sorns s % [ T =12
1
MACHINED FILLET RADS 015~ 030
- INSERT THE 1/2* PLYWOOD DAM AT THE ROOT m w A | SNL-009M—-01-BSDS-LO Blg
s -@—emw T PAR £ BSOS I [oR Bv: 058 [0 fosds i
e A T T v 0 ot -t

4

29



i | " 3 2
[ows o
SNL—009M—01-BSDS-LO | —
REV DESCRIPTION BY APPR. DATE
A | DETAIL DESIGN LAMINATE DSB 2/4/05
B__| PRODUCTION LAMINATE DSB 9/12/05
EXTENSION
3/40z MAT EXTENDED EECES
PAST MOLD SURFACE FLANGE FLANGE
USING THE EXTENSION BLOCK
X 3/40z MAT EXTENDE
ONTO FLATBACK AND
UNDER RETURN FLANGE 3740z MAT EXTENDED
2 0D UNDER RETURN FLANGE
N WL
\ §\
3/40z MAT
LEADING EDGE
TRAILING EDGE
o o an m @ o 0 ™ wn e
LAYER 3:
- APPLY 3/40z MAT TO THE ENTIRE SURFACE OF THE MOLD 1 [ 46051 [ 3/40z MAT )| 3
NO. | PART NO. | DESCRIPTION [ oty
- BRING THE MAT UP UNDER THE RETURN FLANGES IN ALL LOCATIONS PARTS LIST
PROKCT ?ﬂ
- BRING MAT ABOUT 25mM PAST THE MOLD SURFACE IN THE ROOT AREA - @COMPOS!TES INC. BSDS PHASE I T3
USE THE MOLD EXTENSION BLOCKS RT. 136 MARKET ST, WARREN, R §
TEL. (401) 245-1200 FAX (401) 245- 3160 e HP SKIN 2
- BRING MAT UP ONTO THE FLATBACK AND UP UNDER THE RETURN FLANGE x [ oo [ oxox [MMGES [ UMLESS OTHERWSE SPECFIED: LAMINATE SCHEDULE x
AT THE TRAILING EDGE 410 | 10 [ 410 | 35| wacued SRracs anses %/ [“sze (0% w0 w2
MACHED FILET RADY 015030 &
AL N A [ SNL-009M-01-BSDS-L0 I B8
i -@—mem TP PART f: BSDS It [or ev. 0s8 [*** s i
O AROCLD W L o8 . SART whinbot ST pisagmon. | FLE: Lom_BSDSII_HP _[DATE:2/4/05 [ ScatE NORE ST OF T

4




1 l 2 - 3 4

[owe w0
SNL—009M—01-BSDS-L0O | REVISIONS

REV DESCRIPTION BY APPR. DATE

FLANGE A | DETAIL DESIGN LAMINATE DSB 2/4/05
B__| PRODUCTION LAMINATE DSB 9/12/05

DBM-1708 EXTENDED
UNDER RETURN FLANGE e EXTENSION
DBM-1708 EXTENDED BLOCK

PAST MOLD SURFACE
USING THE EXTENSION BLOCK

MOLD DBM-1708 EXTENDED
ONTD FLATBACK AND
UNDER RETURN FLANGE

DBM-1708
(MAT UP>

LEADING EDGE

TRAILING EDGE
o " an am - ) o ™ o o
LAYER 4:
- APPLY DBM-I708 TO THE ENTIRE SURFACE OF THE MOLD - PLACE MAT UP T | 46262 | GLASS, BIAXIAL, DBM=1708 @ T
- BRING THE GLASS UP UNDER THE RETURN FLANGES IN ALL LOCATIONS NO. | PART NO. | DESCRIPTION [ oty
PARTS LIST ____I
- BRING GLASS ABOUT 25MM PAST THE MOLD SURFACE IN THE ROOT AREA - @ s 2%
USE THE MOLD EXTENSION BLOCKS COMPOSITES INC. BSDS PHASE I 2
RT. 136 MARKET ST. WARREN, R
TEL. (401) 245-1200 FAX (401) 245- 3160 e HP SKIN §
- BRING GLASS ONTO FLATBACK AND RETURN FLANGE AT THE TRAILING X[ x| X0 | ANGLES | UMLESS OTHERWSE SPEOFIED. LAMINATE SCHEDULE T
EDGE OF THE MOLD 410 [ 310 | 210 | 5 | waoeeo surrace rwses '/ [Tsze [0 mo. REV |g
AL w e e 2= A | SNL—009M—01-BSDS-L0 |B i
Ve -@—émm TP PART § BSDS i [or ev. 0s8 [*** s u,l,’
O AROCLD W L o8 . SART whinbot ST pisagmon. | FLE: Lom_BSDSII_HP _[DATE:2/4/05 [ ScatE NORE ST OF T

1 2 ~ ; | 4




1 | 2 - 3 4
[ows o
SNL—009M—01-BSDS-LO | —
REV DESCRIPTION BY APPR. DATE
A | DETAIL DESIGN LAMINATE DSB 2/4/05
B__| PRODUCTION LAMINATE DSB 9/12/05
D
USE 8 TEMPLATES FROM THE
TRAILING EDGE AT THE
STATION LOCATIONS SHOWN
TO MARK THE REAR EDGE OF
THE CARBON SPAR CAP
DBM-1708
(MAT UP>
LEADING EDGE
C
STA
2 sTA Sua TRAILING EDGE
STA STA STA 5175 6075
675 STA STA Sa75 4275
1575 2475
_’ o 1 am m Y o o am a0
B LOCATE REAR EDGE OF CARBON SPAR CAP:
- LOCATE THE REAR EDGE OF THE CARBON SPAR CAP
- USE THE 8 TEMPLATES PROVIDED (A DIFFERENT SET FOR EACH OF THE LP AND
- HP SKINS) ||
- PLACE THE TEMPLATES AT THE CORRECT STATION (MEASURED FROM THE ROOT)
NO. [ PART NO. | DESCRIPTION [ oty
- PLACE THE TEMPLATES UP AGAINST THE TE PARTS LIST
PROKCT ?ﬂ
- MARK THE LOCATION OF THE REAR EDGE OF THE CARBON SPAR CAP @COMPOSITES INC. BSDS PHASE I U8
M ADr) 2451200 FA% (40n) e 160 e HP SKIN g
A - DRAW (OR SNAP) STRAIGHT LINES BETWEEN THE EIGHT POINTS i ]‘l‘n I,m « m’.‘ o CAGINATE. SEHEBULE g
20 [ 210 410 | 25 | waoaneo sureace rmses Y/ [Tsze [ove o REV |g
AL w e e 2= A | SNL—009M—01-BSDS-L0 |B i
i -@—vam TP PART f: BSDS It [or ev. 0s8 [*** s i
O AROCLD W L o8 . SART whinbot ST pisagmon. | FLE: Lom_BSDSII_HP _[DATE:2/4/05 [ ScatE NORE ST OF T
1 2 f 3 4




1 2 - 3 4
[owe w0
SNL—009M—01-BSDS-LO | REVISIONS
REV DESCRIPTION BY APPR. DATE
A DETAIL DESIGN LAMINATE DSB 2/4/05
EXTENSION B | PRODUCTION LAMINATE DSB 9/12/05
€260 EXTENDED BLOCK
PAST MOLD SURFACE D
USING THE EXTENSION BLOCK
FLANGE
- Q MOLD €260 EXTENDED UP TO |—
THE RETURN FLANGE
THE TWD C260 STA 7875
LAYERS WOULD MEET |  aveR OF TRIAX C

AT STATION 1200

1 LAYER DF C260
ROOT FILLER ON EACH
SIDE OF THE CARBON

LEADING EDGE

LAYER 5 AND LAYER 6:

- APPLY | LAYER SAERTEX HYBRID TRIAX TO THE SPAR CAP AREA SHOWN ABOVE

- USE THE LINE MARKED IN THE PREVIOUS STEP TO ALIGN THE REAR EDGE OF
THE CARBON SPAR CAP

- THIS TRIAX LAYER WILL COME TO A POINT AT STA 7875

- INSERT | LAYER OF C260 ROOT FILLER PIECES ON BOTH SIDES OF THE CARBON
IN THE ROOT AREA AS SHOWN

- EXTEND THE FILLER PIECES UP PAST THE MOLD SURFACE IN THE ROOT AREA
AS SHOWN IN THE INSERT

TRAILING EDGE ‘_‘

0 S0 000 00 80m 5000
B
85200 GLASS, UNIDIRECTIONAL, C260, 260z (LB)| AR |
1 46016 SAERTEX CARBON/GLASS HYBRID TRIAXIAL (LB)| AR
NO. | PART NO. DESCRIPTION Q1Y
PARTS LIST
PROKCT
Gipf ComposITES INC. BSDS PHASE Il 2y
N (a0n) S45-1200 Pok (AOH) 24t 700 e HP SKIN

x| oo [ oo [ ancees

210 [ 10| 10 | 25"

LAMINATE SCHEDULE

ALL

: SZE |OWG NO. REV.
A | SNL-009M—-01-BSDS-L0 IB

071-50S8-10-N600-INS;
>

4

TP PART f BSOS I [or ev. 0s8 [*** e
FLE: Lom _BSDSI_HP  [DATE:2/4/05 [SCAIE, NoWE ST T OF 1




1 2 - 3 4
[ows o
SNL—-009M-01-BSDS-L0O J REVISIONS
REV DESCRIPTION BY APPR. DATE
A | DETAIL DESIGN LAMINATE DSB 2/4/05
B_| PRODUCTION LAMINATE DSB 9/12/05
D
——STA 1200
FLANGE
2
1 LAYER OF 60z WR SR
T 820200028,
60z WR EXTENDED UP
TO THE RETURN
FLANGE
15
EXTENSION
60z WR EXTENDED BLOCK
PAST MOLD SURFACE
USING THE EXTENSION BLOCK
\\ B
X
MOLD
N
LAYER 7: ||
1 [ TBD | GLASS, 60z WOVEN ROVING (LB)[ AR
- APPLY | LAYER 60z WR TO THE ROOT AREA SHOWN ABOVE NO. [ PART NO. | DESCRIPTION [ oty
PARTS LIST
- THE FIBERS SHOULD RUN IN THE +/-45° DIRECTION G | — 2%
OMPOSITES INC. BSDS PHASE |l ',;!
- EXTEND THE 60z WR UP PAST THE MOLD SURFACE IN THE ROOT AREA AS M aon Se5o1208 Fa (o0 ebe 1 e HP SKIN 8
SHOWN IN THE INSERT x| oo [ oo [ ancees | umEss oTHERWSE SPECFIED: LAMINATE SCHEDULE T A
#0310 | 410 | 25 | wiomeo swrace amses 'Y/ [Tsze [owe w0 REV ?
- MACHINED FILLET RADS 015~ 030
THE POINT OF THE FABRIC SHOULD COME TO 1200MM 4 - A | SNL—009M—01-BSDS-L0 I B3
Ve -@6 THRD ML [0 PART : B5DS 1 [or ev. 0s8 [*** o ,'f
XA it ‘St pisagmon. | FLE: Lom_BSDSII_HP __|DATE:2/4/05 2 bt

4




1 2 - 3 4

[owe w0
SNL—009M-01-BSDS-LO I REVISIONS
REV DESCRIPTION BY | APPR. | DATE
A DETAIL_DESIGN LAMINATE DSB 2/4/05
EXTENSION B | PRODUCTION LAMINATE DSB 9/12/05

C260 EXTENDED BLOCK
PAST MOLD SURFACE
USING THE EXTENSION BLOCK

N MOLD C260 EXTENDED UP TO
THE RETURN FLANGE

STA 7875

THE TwO C260
LAYERS WOULD MEET
AT STATION 1200 1 LAYER OF TRIAX

1 LAYER DF C260
ROOT FILLER ON EACH
SIDE OF THE CARBON

LEADING EDGE

%\\\\\\\\\\
N\

TRAILING EDGE

LAYER 8 AND LAYER 9:

_ APPLY | LAYER SAERTEX HYBRID TRIAX TO THE SPAR CAP AREA SHOWN ABOVE 2 85200 GLASS, UNIDIRECTIONAL, C260, 260z (LB)| AR
1 46016 SAERTEX CARBON/GLASS HYBRID TRIAXIAL (B)| AR
- THIS TRIAX LAYER WILL COME TO A POINT AT STA 7875 NO. | PART NO. DESCRIPTION QTY
PARTS LIST 7
- INSERT | LAYER OF C260 ROOT FILLER PIECES ON BOTH SIDES OF THE CARBON PROLCT 5
IN THE ROOT AREA AS SHOWN @COMPOS”ES INC. BSDS PHASE I .gg
i (m-s--aom"(m) 245-3160 e HP SKIN §
- EXTEND THE FILLER PIECES UP PAST THE MOLD SURFACE IN THE ROOT AREA T e et DS G, LAMINATE SCHEDULE :
AS SHOWN IN THE INSERT D i (e w2
AL W [l 0 SNL 009M-01-BSDS-LO IB i
e '@—6"’"‘” PR 8505 1 [oR ov. 0s8 |0 " ke i
St oot stien pimesoon | PLE: Lom _BSOSI_HP___[DATE:2/4/05 [ SoAiE Nowe [SWTT & 1|

3 | 4




1 2 - 3 4
[ows o
SNL—-009M-01-BSDS-L0O J REVISIONS
REV DESCRIPTION BY APPR. DATE
A | DETAIL DESIGN LAMINATE DSB 2/4/05
B_| PRODUCTION LAMINATE DSB 9/12/05
D
——STA 7S
FLANGE
%
1 LAYER OF 60z WR SR
T 220200020
60z WR EXTENDED UP
TO THE RETURN
FLANGE C
EXTENSION
60z WR EXTENDED BLOCK
PAST MOLD SURFACE
USING THE EXTENSION BLOCK
\\ B
X
MOLD
N
LAYER 10: ||
1 [ TBD | GLASS, 60z WOVEN ROVING (LB)[ AR
- APPLY | LAYER 60z WR TO THE ROOT AREA SHOWN ABOVE NO. [ PART NO. | DESCRIPTION [ oty
PARTS LIST
- THE FIBERS SHOULD RUN IN THE +/-45° DIRECTION G | — 2%
OMPOSITES INC. BSDS PHASE |l ',;!
- EXTEND THE 60z WR UP PAST THE MOLD SURFACE IN THE ROOT AREA AS M aon Se5o1208 Fa (o0 ebe 1 e HP SKIN 8
SHOWN IN THE INSERT x| oo [ oo [ ancees | umEss oTHERWSE SPECFIED: LAMINATE SCHEDULE T A
#0310 | 410 | 25 | wiomeo swrace amses 'Y/ [Tsze [owe w0 REV ?
- MACHINED FILLET RADS 015~ 030
THE POINT OF THE FABRIC SHOULD COME TO 1175MM 4 - A | SNL—009M—01-BSDS-L0 I B3
Ve -@6 THRD ML [0 PART : B5DS 1 [or ev. 0s8 [*** o ,'f
XA it ‘St pisagmon. | FLE: Lom_BSDSII_HP __|DATE:2/4/05 2 bt

4




1 2 - 3 4

[owe w0
SNL—009M-01-BSDS-LO I REVISIONS
REV DESCRIPTION BY | APPR. | DATE
A DETAIL_DESIGN LAMINATE DSB 2/4/05
EXTENSION B | PRODUCTION LAMINATE DSB 9/12/05

C260 EXTENDED BLOCK
PAST MOLD SURFACE
USING THE EXTENSION BLOCK

N MOLD C260 EXTENDED UP TO
THE RETURN FLANGE

STA 7875

THE TwO C260
LAYERS WOULD MEET
AT STATION 1200 1 LAYER OF TRIAX

1 LAYER DF C260
ROOT FILLER ON EACH
SIDE OF THE CARBON

LEADING EDGE

%\\\\\\\\\\
N\

TRAILING EDGE

LAYER Il AND LAYER 12:

- APPLY | LAYER SAERTEX HYBRID TRIAX TO THE SPAR CAP AREA SHOWN ABOVE 2 | 85200 FGLASS, UNIDIREGTIONAL, G260, 260z (LB)] AR
1 46016 SAERTEX CARBON/GLASS HYBRID TRIAXIAL (B)| AR
- THIS TRIAX LAYER WILL COME TO A POINT AT STA 7875 NO. | PART NO. DESCRIPTION QTY
PARTS LIST -
- INSERT | LAYER OF C260 ROOT FILLER PIECES ON BOTH SIDES OF THE CARBON PROLCT i
IN THE ROOT AREA AS SHOWN @COMPOS”ES INC. BSDS PHASE I .gg
i (m-s--aom"(m) 245-3160 e HP SKIN §
- EXTEND THE FILLER PIECES UP PAST THE MOLD SURFACE IN THE ROOT AREA T e E T LAMINATE. SCHEOULE -
AS SHOWN IN THE INSERT 10110 310 | 35 | uaomeo Sracs fwses '/ |2
AL W [l 0 SNL 009M-01-BSDS-LO IB i
e '@—6"’"‘” PR 8505 1 [oR ov. 0s8 |0 " ke i
St oot stien pimesoon | PLE: Lom _BSOSI_HP___[DATE:2/4/05 [ SoAiE Nowe [SWTT & 1|

3 | 4




1 2 - 3 4
[ows o
SNL—-009M-01-BSDS-L0O J REVISIONS
REV DESCRIPTION BY APPR. DATE
A | DETAIL DESIGN LAMINATE DSB 2/4/05
B_| PRODUCTION LAMINATE DSB 9/12/05
D
——STA 1150
FLANGE
%
1 LAYER OF 60z WR SR
T 220200020
60z WR EXTENDED UP
TO THE RETURN
FLANGE C
EXTENSION
60z WR EXTENDED BLOCK
PAST MOLD SURFACE
USING THE EXTENSION BLOCK
\\ B
X
MOLD
N
LAYER |3: ||
1 [ TBD | GLASS, 60z WOVEN ROVING (LB)[ AR
- APPLY | LAYER 60z WR TO THE ROOT AREA SHOWN ABOVE NO. [ PART NO. | DESCRIPTION [ oty
PARTS LIST
- THE FIBERS SHOULD RUN IN THE +/-45° DIRECTION G | — 2%
OMPOSITES INC. BSDS PHASE |l ',;!
- EXTEND THE 60z WR UP PAST THE MOLD SURFACE IN THE ROOT AREA AS M aon Se5o1208 Fa (o0 ebe 1 e HP SKIN 8
SHOWN IN THE INSERT x| oo [ oo [ ancees | umEss oTHERWSE SPECFIED: LAMINATE SCHEDULE T A
#0310 | 410 | 25 | wiomeo swrace amses 'Y/ [Tsze [owe w0 REV ?
- MACHINED FILLET RADS 015~ 030
THE POINT OF THE FABRIC SHOULD COME TO II50MM 4 - A | SNL—009M—01-BSDS-L0 I B3
Ve -@6 THRD ML [0 PART : B5DS 1 [or ev. 0s8 [*** o ,'f
XA it ‘St pisagmon. | FLE: Lom_BSDSII_HP __|DATE:2/4/05 2 bt

4




1 2 - 3 4

[owe w0
SNL—009M-01-BSDS-LO I REVISIONS
REV DESCRIPTION BY | APPR. | DATE
A DETAIL_DESIGN LAMINATE DSB 2/4/05
EXTENSION B | PRODUCTION LAMINATE DSB 9/12/05

C260 EXTENDED BLOCK
PAST MOLD SURFACE
USING THE EXTENSION BLOCK

N MOLD C260 EXTENDED UP TO
THE RETURN FLANGE

STA 7875

THE TwO C260
LAYERS WOULD MEET
AT STATION 1200 1 LAYER OF TRIAX

1 LAYER DF C260
ROOT FILLER ON EACH
SIDE OF THE CARBON

LEADING EDGE

%\\\\\\\\\\
N\

TRAILING EDGE

LAYER I4 AND LAYER 15:

- APPLY | LAYER SAERTEX HYBRID TRIAX TO THE SPAR CAP AREA SHOWN ABOVE 2 | 85200 FGLASS, UNIDIREGTIONAL, G260, 260z (LB)] AR
1 46016 SAERTEX CARBON/GLASS HYBRID TRIAXIAL (B)| AR
- THIS TRIAX LAYER WILL COME TO A POINT AT STA 7875 NO. | PART NO. DESCRIPTION QTY
PARTS LIST -
- INSERT | LAYER OF C260 ROOT FILLER PIECES ON BOTH SIDES OF THE CARBON PROLCT i
IN THE ROOT AREA AS SHOWN @COMPOS”ES INC. BSDS PHASE I .gg
i (m-s--aom"(m) 245-3160 e HP SKIN §
- EXTEND THE FILLER PIECES UP PAST THE MOLD SURFACE IN THE ROOT AREA T e E T LAMINATE. SCHEOULE -
AS SHOWN IN THE INSERT 10110 310 | 35 | uaomeo Sracs fwses '/ |2
AL W [l 0 SNL 009M-01-BSDS-LO IB i
e '@—6"’"‘” PR 8505 1 [oR ov. 0s8 |0 " ke i
St oot stien pimesoon | PLE: Lom _BSOSI_HP___[DATE:2/4/05 [ SoAiE Nowe [SWTT & 1|

3 | 4




1 2 - 3 4
[ows o
SNL—-009M-01-BSDS-L0O J REVISIONS
REV DESCRIPTION BY APPR. DATE
A | DETAIL DESIGN LAMINATE DSB 2/4/05
B_| PRODUCTION LAMINATE DSB 9/12/05
D
——STA 25
FLANGE
%,
1 LAYER OF 60z WR SR
T XK
60z WR EXTENDED UP
TO THE RETURN
FLANGE C
EXTENSION
60z WR EXTENDED BLOCK
PAST MOLD SURFACE
USING THE EXTENSION BLOCK
B
A
MOLD
N
LAYER 16: ||
1 [ TBD | GLASS, 60z WOVEN ROVING (LB)[ AR
- APPLY | LAYER 60z WR TO THE ROOT AREA SHOWN ABOVE NO. [ PART NO. | DESCRIPTION [ oty
PARTS LIST
- THE FIBERS SHOULD RUN IN THE +/-45° DIRECTION G | — 2%
OMPOSITES INC. BSDS PHASE |l ',;!
- EXTEND THE 60z WR UP PAST THE MOLD SURFACE IN THE ROOT AREA AS M aon Se5o1208 Fa (o0 ebe 1 e HP SKIN 8
SHOWN IN THE INSERT x| oo [ oo [ ancees | umEss oTHERWSE SPECFIED: LAMINATE SCHEDULE T A
#0310 | 410 | 25 | wiomeo swrace amses 'Y/ [Tsze [owe w0 REV ?
- MACHINED FILLET RADS 015~ 030
THE POINT OF THE FABRIC SHOULD COME TO 1125MM 4 - A | SNL—009M—01-BSDS-L0 I B3
Ve -@6 THRD ML [0 PART : B5DS 1 [or ev. 0s8 [*** o ,'f
XA it ‘St pisagmon. | FLE: Lom_BSDSII_HP __|DATE:2/4/05 2 bt

4




1 2 -~ 3 4
[ows o
SNL—009M—-01-BSDS-LO l REVISIONS
REV DESCRIPTION BY APPR. DATE
A | DETAIL DESIGN LAMINATE DSB 2/4/05
EXTENSION B_| PRODUCTION LAMINATE DSB 9/12/05
€260 EXTENDED BLOCK
PAST MOLD SURFACE
USING THE EXTENSION BLOCK:
FLANGE
N MOLD €260 EXTENDED UP TO
THE RETURN FLANGE
THE TWO C260 STA 7875
LAYERS WOULD MEET
T STATIIN 150 1 LAYER OF TRIAX
1 LAYER OF C260
ROOT FILLER ON EACH LEADING EDGE
SIDE OF THE CARBON
TRAILING EDGE
o o an m - o ) " o 0
LAYER 17 AND LAYER 18:
- APPLY | LAYER SAERTEX HYBRID TRIAX TO THE SPAR CAP AREA SHOWN ABOVE 2.1 85200 LOLASS UNIDIREGTIONAL/IG260; 26b2 (LB)
1 46016 SAERTEX CARBON/GLASS HYBRID TRIAXIAL (B)| AR
- THIS TRIAX LAYER WILL COME TO A POINT AT STA 7875 NO. | PART NO. DESCRIPTION QTY
PARTS LIST
- INSERT | LAYER OF C260 ROOT FILLER PIECES ON BOTH SIDES OF THE CARBON RORET 23l
IN THE ROOT AREA AS SHOWN @COMPOS”ES INC. BSDS PHASE I .gg
el (o0ny 451200 Fa% {o01) 24 1D e HP SKIN §
- EXTEND THE FILLER PIECES UP PAST THE MOLD SURFACE IN THE ROOT AREA T e et DS G, LAMINATE. SCHEOULE £
AS SHOWN IN THE INSERT o [a0T 2] 25 | wowen suvace s Y [ TS w2
AL w e e 2= A | SNL—009M—01-BSDS-L0 IB i
e '@—6 TR0 ML | pART £ BSOS 1 [oR 8. 08 |0 s i
St oot stien pimesoon | PLE: Lom _BSOSI_HP___[DATE:2/4/05 [ SoAiE Nowe [SWTT & 1|

4




1 2 - 3 4
[ows o
SNL—-009M-01-BSDS-L0O J REVISIONS
REV DESCRIPTION BY APPR. DATE
A | DETAIL DESIGN LAMINATE DSB 2/4/05
B PRODUCTION LAMINATE DSB 9/12/05
D
—— STA 1100
FLANGE
%
1 LAYER OF 60z WR SR
B 820200028,
60z WR EXTENDED UP
TO THE RETURN
FLANGE C
EXTENSION
60z WR EXTENDED BLOCK
PAST MOLD SURFACE
USING THE EXTENSION BLOCK
\\ B
A
'MOLD
N
LAYER 19: -
1 [ TBD | GLASS, 60z WOVEN ROVING (LB)[ AR
- APPLY | LAYER 602 WR TO THE ROOT AREA SHOWN ABOVE NO. [ PART NO. | DESCRIPTION [ oty
PARTS LIST
- THE FIBERS SHOULD RUN IN THE +/-45° DIRECTION G | — 2%
OMPOSITES INC. BSDS PHASE Il iy
- EXTEND THE 60z WR UP PAST THE MOLD SURFACE IN THE ROOT AREA AS M aon Se5o1208 Fa (o0 ebe 1 e HP SKIN 8
SHOWN IN THE INSERT x| oo [ oo [ ancees | umEss oTHERWSE SPECFIED: LAMINATE SCHEDULE T A
#0310 | 410 | 25 | wiomeo swrace amses 'Y/ [Tsze [owe w0 REV ?
- MACHINED FILLET RADS 015~ 030
THE POINT OF THE FABRIC SHOULD COME TO 1100MM e = A | SNL—009M—01-BSDS-L0 I B8
e -@6 THRD ML [0 PART : B5DS 1 [or ev. 0s8 [*** o ,'f
O BEPAGOULD W WHOLE 0N m PAGT mTnOUT stTEn Pemcan |FILE: Lom _BSDSI_HP  |DATE: 2/4/05 - a od
1 2 ' S 4




1 2 -~ 3 4
[ows o
SNL—009M—01-BSDS-L0O l REVISIONS
REV DESCRIPTION BY APPR. DATE
A DETAIL DESIGN LAMINATE DSB 2/4/05
EXTENSION B | PRODUCTION LAMINATE DSB 9/12/05
€260 EXTENDED BLOCK
PAST MOLD SURFACE
USING THE EXTENSION BLOCK
FLANGE
Q MOLD €260 EXTENDED UP TO
THE RETURN FLANGE
THE TWD C260 STA 7875
LAYERS WOULD MEET
PN Ll 1 LAYER OF TRIAX
1 LAYER OF C260
ROOT FILLER ON EACH LEADING EDGE
SIDE DF THE CARBON
TRAILING EDGE
0000 1900 200 300 A0 5000 000 00 80m 5000
LAYER 20 AND LAYER 2I:
- APPLY | LAYER SAERTEX HYBRID TRIAX TO THE SPAR CAP AREA SHOWN ABOVE 2.1 85200 LOLASS UNIDIREGTIONAL/IG260; 26b2 (LB)
1 46016 SAERTEX CARBON/GLASS HYBRID TRIAXIAL (B)| AR
- THIS TRIAX LAYER WILL COME TO A POINT AT STA 7875 NO. | PART NO. DESCRIPTION QTY
PARTS LIST
- INSERT | LAYER OF C260 ROOT FILLER PIECES ON BOTH SIDES OF THE CARBON PROLCT 23l
IN THE ROOT AREA AS SHOWN @COMPOS”ES INC. BSDS PHASE I .gg
el (o0ny 451200 Fa% {o01) 24 1D e HP SKIN §
- EXTEND THE FILLE: PIECES UP PAST THE MOLD SURFACE IN THE ROOT AREA T e E T LANINATE SCHEDULE g
AS SHOWN IN THE INSERT S0 o0 50 55 | worme soract pmeses ' [ oS w2
AL w e e 2= A | SNL—009M—01-BSDS-L0 IB i
e '@—6 TR0 ML | pART £ BSOS 1 [oR 8. 08 |0 s i
St oot stien pimesoon | PLE: Lom _BSOSI_HP___[DATE:2/4/05 [ SoAiE Nowe [SWTT & 1|

4




1 2

[owe w0
SNL—009M-01-BSDS-LO J

1 LAYER DF 60z WR

5
S
T a%020%0%)

>
%

5%
%
%
9,
)
&5
0%
%
S
&5

oo
‘:
2%
5
%
%
%
%
&
10
%

9,
Poss
%
%
1%

Q
9
R
%
O

XXX

X

LAYER 22:

- APPLY | LAYER 60z WR TO THE ROOT AREA SHOWN ABOVE
- THE FIBERS SHOULD RUN IN THE +/-45° DIRECTION

- EXTEND THE 60z WR UP PAST THE MOLD SURFACE IN THE ROOT AREA AS
SHOWN IN THE INSERT

- THE POINT OF THE FABRIC SHOULD COME TO 1075MM

%
35S

RS
%
%

O
QK2
KR

4
REVISIONS

REV DESCRIPTION BY APPR, DATE

A DETAIL_ DESIGN LAMINATE DSB 2/4/05

B_| PRODUCTION LAMINATE DSB 9/12/05
D

——STA 1075
FLANGE
60z WR EXTENDED UP
T0 THE RETURN

FLANGE C

EXTENSION
60z WR EXTENDED BLOCK
PAST MOLD SURFACE
USING THE EXTENSION BLOCK
\\ B
N
MOLD
N
1 T8D [ GLASS, 6oz WOVEN ROVING (B)[ AR
NO. | PART NO. | DESCRIPTION [ oty
PARTS LIST
PROECT i
Gipf ComposiTES INC. BSDS PHASE Il :
el (a0ny S4-1200 FA% {o01) B4 10 e HP SKIN
x| oo | xoc [ ANGLES | UMLESS OTHERWISE SPEQIFIED: LAMINATE SCHEDULE

10 | 410 [ £10 | 35 | wacumen surrace anses %/ [Tszg [owo 0. REV
AL w e e 2= A | SNL—009M—01-BSDS-L0 IB

071-50S8-10-N600-INS;
>

mm
-@émw TP PART BSOS I [or ev. 0s8 [*** o
Tien pemassion. | FILE; Lom_BSDSI_HP  [DATE: 2/4/05 T

4




1 2 -~ 3 4
[ows o
SNL—009M—01-BSDS-L0O l REVISIONS
REV DESCRIPTION BY APPR. DATE
A DETAIL DESIGN LAMINATE DSB 2/4/05
EXTENSION B | PRODUCTION LAMINATE DSB 9/12/05
€260 EXTENDED BLOCK
PAST MOLD SURFACE
USING THE EXTENSION BLOCK
\ FLANGE
Q MOLD €260 EXTENDED UP TO
THE RETURN FLANGE
THE TWD C260 STA 7875
LAYERS WOULD MEET
T STATIIN 150 1 LAYER OF TRIAX
1 LAYER OF C260
ROOT FILLER ON EACH LEADING EDGE
SIDE OF THE CARBON
TRAILING EDGE
0000 1900 200 300 A0 5000 000 00 80m 5000
LAYER 23 AND LAYER 24:
- APPLY | LAYER SAERTEX HYBRID TRIAX TO THE SPAR CAP AREA SHOWN ABOVE 2.1 85200 LOLASS UNIDIREGTIONAL/IG260; 26b2 (LB)
1 46016 SAERTEX CARBON/GLASS HYBRID TRIAXIAL (B)| AR
- THIS TRIAX LAYER WILL COME TO A POINT AT STA 7875 NO. | PART NO. DESCRIPTION QTY
PARTS LIST
- INSERT | LAYER OF C260 ROOT FILLER PIECES ON BOTH SIDES OF THE CARBON RORET 23l
IN THE ROOT AREA AS SHOWN @COMPOS”ES INC. BSDS PHASE I .gg
el (o0ny 451200 Fa% {o01) 24 1D e HP SKIN §
- EXTEND THE FILLE: PIECES UP PAST THE MOLD SURFACE IN THE ROOT AREA T e E T LANINATE SCHEDULE g
AS SHOWN IN THE INSERT 10410 | 10| 5 | wacved Sace aweses "%/ [“sze oo W6 w2
AL w e e 2= A | SNL—009M—01-BSDS-L0 IB i
e '@—6 TR0 ML | pART £ BSOS 1 [oR 8. 08 |0 s i
St oot stien pimesoon | PLE: Lom _BSOSI_HP___[DATE:2/4/05 [ SoAiE Nowe [SWTT & 1|

4




1 2 - 3 4
-
"SNL—009M—01-BSDS—LO J REVISIONS
REV DESCRIPTION BY APPR. DATE
A DETAIL_ DESIGN LAMINATE DSB 2/4/05
ETAIN B__| PRODUCTION LAMINATE DSB 9/12/05
STA 394
2 LAYERS OF C260
[MAT DOWN]
THESE TWO LAYERS MAY BE MARKED AS LAYERS EXTENSION
27 AND 28 IN THE BLADE KITS. THEY ARE NOW pas oD EXTENIERL P
LAYERS 25 AND 26 - BECAUSE THEY WERE MOVED USING THE EXTENSION BLOCK
TO BE PLACED IN BEFORE THE THREADED RODS.
MOLD
LAYERS 25-26:
e T 1 | 85200 | GLASS, UNIDIRECTIONAL, €260, 260z (B)[ AR
NO. | PART NO. | DESCRIPTION [ oty
- APPLY 2 LAYERS C260 TO THE ROOT AREA SHOWN ABOVE PARTS LIST ol
PROECT gi
- THE C260 LAYERS END AT STA 394 AND 381 @COMPOSITES INC. BSDS PHASE I s
136 MARKET ST. WARREN, R.
"l (4Ot 34521200 TAX (401) 245 16D HP SKIN §
- EXTEND THE C260 UP PAST THE MOLD SURFACE IN THE ROOT AREA AS 0 [ 20 [ AWGES | UMLESS OTHERWSE SPEGPED. LAMINATE SCHEDULE £
SHOWN IN THE INSERT 10 [ 410 | 410 | +5 | waowmed sumrace rsies %/ w2
MACHINED FILLET RADS 015~ 030 @
- THE C260 SHOULD BE PLACED MAT DOWN M Omehooe N _@_gmw SNL 009M-01-BSDS-L0 I B 8
TP PART #: BSOS I 1
AR A T -

4

[or ev. 0s8 [*** e
FLE: Lom _BSDSI_HP  [DATE:2/4/05 [SCAIE, NoWE ST T OF 1




1 | 2 - 3 4
[ows o
SNL—009M—01-BSDS-LO | eSO
REV DESCRIPTION BY APPR, DATE
A | DETAIL DESIGN LAMINATE DSB 2/4/05
B__| PRODUCTION LAMINATE DSB 9/12/05
D
—_
—
C —— ]
B aa———
12 THREADED E—
RODS
S —
A —
_—
e
5| LAYER 27:
- INSTALL 12 THREADED RODS
- PLACE THE RODS WITH THE CUT (ANGLED) FACE UP
— - ENSURE THE BOLTS ARE TIGHTENED TO ORIENT THE RODS PERPENDICULAR TO THE
END PLATE - THIS WILL COMPRESS THE FABRIC BELOW THE INSERTS i TBD [ 5/8™ THREADED ROD (EA)[ 10
NO. | PART NO. | DESCRIPTION [ a1y
- USE ALL-THREAD BETWEEN THE NUTS AND THE THREADED ROD PARTS LiST =
_ PROECT g
ALSO USE TEFLON TAPE TO SEAL THE RESIN @COMPOS!TES INC. BSDS PHASE I ?B
el (o0ny 451200 Fa% {o01) 24 1D e HP SKIN g
A X[ o [ x| AWGLES | UNLESS OTHERWSE SPECIFIED: LAMINATE SCHEDULE 1
20 [ 210 410 | 25 | waoaneo sureace rmses Y/ [Tsze [ove o REV |g
AL w o = A | SNL-009M~01-BSDS-LO |B 2
i -@—Gmm TP PART £ BSOS I [DR BY: 0SB |on0 ™" s i
O AROCLD W L o8 . SART whinbot ST pisagmon. | FLE: Lom_BSDSII_HP _[DATE:2/4/05 [ ScatE NORE ST OF T

4




1 2 -~ 4
[ows o
SNL-009M-01-BSDS-LO J REVISIONS
REV DESCRIPTION BY APPR, DATE
A | DETAIL DESIGN LAMINATE DSE 2/4/05
B__| PRODUCTION LAMINATE DSB 9/12/05
-
& .
5
3 — 2-3/8"
o
€520 OR /
ELT-5500) =
FILLER PiECES %
LAYER 28:
- INSTALL €520 (or ELT-5500) STRIPS BETWEEN THE THREADED ROD TO FILL THE
GAPS UP TO THE LEVEL OF THE TOP OF THE RODS
- SCRAP PIECES OF C520 MAY BE USED FOR THIS STEP
- EACH STACK SHOULD CONTAIN ABOUT 20 LAYERS
1 | 85200 [ GLASS, UNIDIRECTIONAL, C260, 260z (LB)[ AR
- THE LONGEST LAYER SHOULD BE 9 INCHES LONG
NO. | PART NO. | DESCRIPTION [ oty
- THE SHORTEST LAYER SHOULD BE 3 INCHES LONG PARTS LIST
PROECT 9 i
- THE WIDTH SHOULD BE ABOUT 2-3/8 INCHES @COMPOSWES INC. BSDS PHASE I T
RT. 136 MARKET ST. WARREN, R (=3
TEL. (401) 245-1200 FAX (401) 245- 3160 e HP SKIN 2
- SEE THE DRAWING ABOVE FOR STACKING DETAILS X[ o [ x| AWGLES | UNLESS OTHERWSE SPECIFIED: LAMINATE SCHEDULE T
#0310 | 410 | 25 | wiomeo swrace amses 'Y/ [Tsze [owe w0 REV ?
AL w e e 2= A | SNL—009M—01-BSDS-L0 IB i
e @ 6 adonnt ] PART § BSDS I l““ ay: 0s8 lmm BT "-f
Xt ivouy satTon pisssa | FLE: Lom _BSDSI_HP ___[DATE:2/4/05 _[SoAiE o [SWET & T

4




1 2 - 3 4
[ows o
SNL-009M-01-BSDS-LO l REVISIONS
REV DESCRIPTION BY APPR. DATE
A | DETAIL DESIGN LAMINATE DSB 2/4/05
STA 529 B__| PRODUCTION LAMINATE DSB 9/12/05
STA 342
STA 355
STA 368
4 LAYERS DF C260
{MAT DOWN]
EXTENSION
€260 EXTENDED BLOCK
PAST MOLD SURFACE
USING THE EXTENSION BLOCK
MOLD
W
LAYERS 29-30-31-32:
1 | 85200 [ GLASS, UNIDIRECTIONAL, C260, 260z (LB)[ AR
NO. | PART NO. | DESCRIPTION [ oty
- APPLY 4 LAYERs C260 TO THE ROOT AREA SHOWN ABOVE PARTS LIST
@ c I PROCT ﬁ
- THE C260 LAYERS END AT STA 368, 355, 342 AND 329 OMPOSITES INC. BSDS PHASE I It
RT. 136 MARKET ST. WARREN, R
TEL. (401) 245-1200 FAX (401) 245- 3160 e HP SKIN §
- EXTEND THE C260 UP PAST THE MOLD SURFACE IN THE ROOT AREA AS X [ 0 | 00 | AMGES | UMLESS OTHERWSE SPEOFED, LAMINATE SCHEDULE =
SHOWN IN THE INSERT 10310 | 210 | 35 | wacwen surrace rmses %Y/ [“sze (v w0 w2
MACHINED FILLET RADS 015~ 030 @
- THE C260 SHOULD BE PLACED MAT DOWN M Omehooe N @ g A | SNL-009M-01-BSDS-LO l B 8
TR0 ML [ip pART £ BDS 1 [or ev. 0s8 [*** o i
S e o Sesasn, | FAE: Lom_BSDSH_1P _[DAW:2/4/05 [seRE-wone ST o T

4




1 2 -~ 3 4
[owe w0
SNL-009M—01-BSDS-LO l REVISIONS
REV DESCRIPTION BY APPR. DATE
A | DETAIL DESIGN LAMINATE DSB 2/4/05
STA'SIS B__| PRODUCTION LAMINATE DSB 9/12/05
D
1 LAYER OF DBM1208
[MAT DOWN)
C
EXTENSION
DBMI208 EXTENDED BLOCK
PAST MOLD SURFACE
USING THE EXTENSION BLOCK
B Z
MOLD
W
= LAYERS 33:
e S 1 | 46250 [ GLASS, DBM-1208 (LB)[ AR
NO. | PART NO. | DESCRIPTION [ oty
- APPLY | LAYER DBMI208 TO THE ROOT AREA SHOWN ABOVE PARTS LIST
@ c I PROCT g’i]
- THE LAYERS END AT STA 316 OMPOSITES INC. BSDS PHASE I B
RT. 136 MARKET ST. WARREN, R §
TEL (401) 245-1200 FAX (401) 245- 3160 e HP SKIN
A - EXTEND THE DBMI208 UP PAST THE MOLD SURFACE IN THE ROOT AREA AS X[ 0 | 00X | ANGLES | UMLESS OTHERWSE SPEGFIED: LAMINATE SCHEDULE i
SHOWN IN THE INSERT 310 210 | 310 | 2% muumcs“{/?]ﬁn w2
MACHINED FILLET RADS 015~ 030 @
- THE DBMI208 SHOULD BE PLACED MAT DOWN M Omehooe N '@'6 R A | SNL-009M-01-BSDS-LO [ B 8
TP PART §: BSDS 1 [or ev. 0s8 [*** o i
St oot stien pimesoon | PLE: Lom _BSOSI_HP___[DATE:2/4/05 [ SoAiE Nowe [SWTT & 1|

4




4

1 2 -~ 3 4
[ows o
SNL—009M—01-BSDS-LO J REVISIONS
REV DESCRIPTION BY APPR. DATE
A DETAIL_ DESIGN LAMINATE DSB 2/4/05
STA'Z38 B__| PRODUCTION LAMINATE DSB 9/12/05
STA 251
STA 264 D
STA 277
STA 290
STA 303
6 LAYERS DF C260
[MAT DOWN)
15
EXTENSION
€260 EXTENDED BLOCK
PAST MOLD SURFACE
USING THE EXTENSION BLOCK
B
MOLD
LAYERS 34-35-36-37-38-39:
1 | 85200 [ GLASS, UNIDIRECTIONAL, C260, 260z (LB)[ AR
NO. | PART NO. | DESCRIPTION [ oty
- APPLY 6 LAYERS C260 TO THE ROOT AREA SHOWN ABOVE PARTS LIST
@ c I PROCT ﬁ
- THE C260 LAYERS END AT STA 303, 290, 277, 264, 25| AND 238 OMPOSITES INC. BSDS PHASE 1l B B
RT. 136 MARKET ST. WARREN, R
TEL. (401) 245-1200 FAX (401) 245- 3160 e HP SKIN §
- EXTEND THE C260 UP PAST THE MOLD SURFACE IN THE ROOT AREA AS X[ x| X0 | ANGLES | UMLESS OTHERWSE SPEOFIED. LAMINATE SCHEDULE Il|A
SHOWN IN THE INSERT 10310 | 210 | 35 | wacwen surrace rmses %Y/ [“sze (v w0 w2
MACHINED FILLET RADS 015~ 030 @
- THE C260 SHOULD BE PLACED MAT DOWN M Omehooe N @ g A | SNL-009M-01-BSDS-LO I B 8
THRD ANGLE f
OF TPI AND 1S NOT 1O BE USED S
PART mTHOUT WRITTEN PERMSSION.

TP PART # BSDS [or ev. 0s8 [*** e
FULE: Lom_BSOSI_HP  [DATE:2/4/05 [ SCAE, NONE |- 1 GF 1




1 2 - 3 4

[owe w0
SNL—009M—01-BSDS-LO | REVISIONS
REV DESCRIPTION BY APPR. DATE
A DETAIL DESIGN LAMINATE DSB 2/4/05
B | PRODUCTION LAMINATE DSB 9/12/05
HP SKIN - AFT PANEL BALSA
iy
2 M-170 H
1/4° BALSA DUTBDARD OF THE BALSA
== ALIGN FRONT EDGE OF
ALIGN THIS EDGE BALSA WITH REAR EDGE DF

AGAINST RODT PLIES TRIAX SPAR CAP
LEADING EDGE

BALSA COMES UP Tu—/

FLATBACK IN THIS AREA | I

| L. |
™ o am o
BALSA ENDS 1* FROM BALSA ENDS 2.5 FROM
FLANGE IN THIS AREA TE IN THIS AREA l‘—
FLANGE
ALIGN THIS EDGE
AGAINST ROOT PLIEST > STA 1370
/ 174* BALSA
UP TO FLANGE CONFIGURATIO
AT FLATBACK :
APPLY BALSA ONTO
THE FLATBACK OF
THE BLADE
AFT PANEL BALSA - HP SKIN:
\ MOLD
- APPLY 1/4* BALSA TO THE AREA SHOWN ABOVE
[ 2 46262 GLASS, BIAXIAL, DBM—-1708 (LB)
- USE THE HP TE BALSA TEMPLATE TO CUT THE SHAPE 1 46015 BALSA, 1/4" (S| 22
NO. PART NO. DESCRIPTION QTY
- BUTT THE FRONT EDGE ALONG THE REAR EDGE OF THE TRIAX SPAR CAP EARTE TIST
- THE BALSA SHOULD BUTT UP AGAINST THE ROOT PLIES @COMPOSITES e |7 BSDS PHASE I ?jg
RT. 136 MARKET ST, WARREN, R iE §
- THE BALSA SHOULD STOP 63.5HM (2.5 INCHES) FROM THE OUTBOARD TE L (401) 245-1200 FAX (401) 245~ 160 HP SKIN 2
x| o | xox [ eS| uMLESS OTHERWSE SPECFIED: LAMINATE SCHEDULE >
- THE BALSA SHOULD TERMINATE 450MM FROM THE TIP sofa0fa0] 25 | wome ML oy ‘z sze [ no v |2
ADD A LAYER OF DBM-I708 TO THE TIP OUTBAORD OF THE END OF THE BALSA e " o o | A | SNL—009M—01-BSDS-LO B2
g : b '@—6 TR0 ML [T paRT £ DS 1 [oR BY: 0s8 [ s i
St oot stien pimesoon | PLE: Lom _BSOSI_HP___[DATE:2/4/05 [ SoAiE Nowe [SWTT & 1|

3 | 4

- 2 OR REPRODUCED In WHOLE OR M

l




1 2 - 3 4

[owe w0
SNL—009M-01-BSDS-LO I REVISIONS
REV DESCRIPTION BY | APPR. | DATE
A DETAIL_DESIGN LAMINATE DSB 2/4/05
B | PRODUCTION LAMINATE DSB 9/12/05
D D

HP SKIN - FORWARD PANEL BALSA

END THE FRONT EDGE OF THE -
BASLA 1° FROM THE LEADING
EDGE FLANGE

174" BALSA

LEADING EDGE

ALIGN THIS EDGE
AGAINST RODT PLIES

TRAILING EDGE
) -

ALIGN THE REAR EDGE OF
BALSA ALONG THE FRONT EDGE
DF THE CARBON SPAR CAP

FORWARD PANEL BALSA - HP SKIN:

- APPLY 1/4" BALSA TO THE AREA SHOWN ABOVE T 46015 [ BALSA 1/4" & 2
- USE THE HP LE BALSA TEMPLATE FOR THE BALSA SHAPE NO. | PART NO. | DESCRIETION [ arv
PARTS LIST
- BUTT THE REAR EDGE OF THE BALSA ALONG THE VERY FRONT EDGE OF THE SPAR CAP @COMPOSITES INC noicy BSDS PHASE I @
. L 8
- THE BALSA SHOULD BUTT UP AGAINST THE ROOT PLIES R ok ot ol oot D e HP SKIN g
A X 2% | X0 | ANGES | UMLESS OTHERWSE SPECPIED: LAMINATE SCHEDULE Il|A
- THE BALSA SHOULD TERMINATE 1610MM FROM THE TIP 10| 210 210 | 35 | wome Sweace rwss "%/ [“sar o 0 |2
MACHINED FILLET RADS 015~ 030 @
- THE FRONT EDGE OF THE BALSA SHOULD STOP I FROM THE LE FLANGE M Omehooe N '@"6 R A | SNL-009M-01-BSDS-LO l B 8
TR PART - BSOS 1 [or ev. 0s8 [*** e iR
St oot stien pimesoon | PLE: Lom _BSOSI_HP___[DATE:2/4/05 [ SoAiE Nowe [SWTT & 1|

3 | 4




1 2 - 3 4
[owe w0
SNL—009M—01-BSDS-LO | REVISIONS
REV DESCRIPTION BY APPR. DATE
A DETAIL DESIGN LAMINATE DSB 2/4/05
B | PRODUCTION LAMINATE DSB 9/12/05
D FLANGE o
LP SKIN - AFT PANEL BALSA
1/4° BALSA
CONFIGURATION
| AT FLATBACK ||
APPLY BALSA ONTD
THE FLATBACK OF
UP TO FLANGE THE BLADE Q
ALIGN THIS EDGE
AGAINST ROOT PLIES STA 1778 \\ MOLD
|
ms
c ADD ONE LAYER OF C
DBM-1708 TO THE TIP

BALSA COMES UP TO
FLATBACK IN THIS AREA

BALSA ENDS 1* FROM
FLANGE IN THIS AREA

BALSA ENDS 2.5 FROM
TE IN THIS AREA

e e

OUTBOARD DF THE BALSA

TRAILING EDGE

ALIGN THIS EDGE
AGAINST RODT PLIES

LEADING EDGE

o o an B ) ™ a0 o
B ALIGN FRONT EDGE OF B
174" BALSA BALSA WITH REAR EDGE OF
TRIAX SPAR CAP
AFT PANEL BALSA - LP SKIN:
- APPLY 1/4" BALSA TO THE AREA SHOWN ABOVE
i 46262 GLASS, BIAXIAL, DBM-1708 (LB)| AR |
- USE THE LP TE BALSA TEMPLATE TO CUT THE SHAPE 1 26015 BALSA, 1/4" (SF)| 22
NO. PART NO. DESCRIPTION QTY
- BUTT THE FRONT EDGE ALONG THE REAR EDGE OF THE TRIAX SPAR CAP T
- THE BALSA SHOULD BUTT UP AGAINST THE ROOT PLIES @COMPOSITES Tl i BSDS PHASE Il ,I‘é’jg
RT. 136 MARKET ST, WARREN, R e §
A - THE BALSA SHOULD STOP 63.5MM (2.5 INCHES) FROM THE OUTBOARD TE TEL (401) 248-1200 FAX (401) 245~ 3160 HP SKIN g (A
x| o | xox [ eS| uMLESS OTHERWSE SPECFIED: LAMINATE SCHEDULE >
- THE BALSA SHOULD TERMINATE 450mM FROM THE TIP sofsofso] 25 | womo acks paes Y[ Tror ol [T
ADD A LAYER OF DBM-1708 TO THE TIP OUTBAORD OF THE END OF THE BALSA e e oo | A [ SNL—009M—01-BSDS~LO B8
b '@—6 TR0 ML | pART £ BSOS 1 [oR 8. 08 |0 s i
St oot stien pimesoon | PLE: Lom _BSOSI_HP___[DATE:2/4/05 [ SoAiE Nowe [SWTT & 1|

1 2

4




1 2 -~ 3 4

[ows o
SNL—009M—01-BSDS-LO | —
REV DESCRIPTION BY APPR, DATE
A | DETAIL DESIGN LAMINATE DSE 2/4/05
B__| PRODUCTION LAMINATE DSB 9/12/05
D
LP SKIN - FORWARD PANEL BALSA
ALIGN THE REAR EDGE OF
17X BAISA BALSA ALONG THE FRONT EDGE
ALIGN THIS EDGE DF THE CARBON SPAR CAP
AGAINST RODT PLJES
C TRAILING EDGE
LEADING EDGE o
’ ] 100 am £ A E o0 o am 0
EXTEND BALSA UP UNDER LE
END THE FRONT EDGE DF THE FLANGE IN THIS AREA
BASLA 1° FROM THE LEADING
EDGE FLANGE (OR NOSE)
B
FORWARD PANEL BALSA - LP SKIN:
- APPLY /4" BALSA TO THE AREA SHOWN ABOVE
- USE THE LP LE BALSA TEMPLATE FOR THE BALSA SHAPE 1 | 46015 [ BALSA, 1/4" (SF)[ 22
NO. | PART NO. | DESCRIPTION [ oty
- BUTT THE REAR EDGE OF THE BALSA ALONG THE VERY FRONT EDGE OF THE SPAR CAP PARTS LIST
PROKCT @
- THE BALSA SHOULD BUTT UP AGAINST THE ROOT PLIES @Conposngs INC. BSDS PHASE Il E
RT. 136 MARKET ST, WARREN, R iE §
A | - THE BALSA SHOULD TERMINATE 870mM FROM THE TIP T (401) 245-1200 FAX (44) 245380 HP_ SKIN 2
x| o | xox [ eS| uMLESS OTHERWSE SPECFIED: LAMINATE SCHEDULE >
- THE FRONT EDGE OF THE BALSA SHOULD STOP I* FROM THE LE FLANGE UP UNTIL STA 5625 zo[nofna] 25 | wome ;."m“‘..n."’:i':ﬁ ool s ol |
AL N =21 A | SNL—009M—-01-BSDS-L0 B2
- AFTER STA 5625, THE BLASA SHOULD EXTEND UNDERNEATH THE LE FLANGE mm ‘@‘6 e T [owov o " T i
St oot stien pimesoon | PLE: Lom _BSOSI_HP___[DATE:2/4/05 [ SoAiE Nowe [SWTT & 1|

3 | 4

] 2 OR REPRODUCED In WHOLE OR M




1 2 -~ 3 4
[ows o
SNL—009M—01-BSDS-LO | —
REV DESCRIPTION BY APPR. DATE
A DETAIL_ DESIGN LAMINATE DSB 2/4/05
B__| PRODUCTION LAMINATE DSB 9/12/05
’ HP SKIN - FLANGE REINFORCEMENT
-
FLANGE
FLANGE
DBM-1708 DNE D)
RETURN FLANGE
: DBM-1708 ON
AND 2° ONTO MOLD s N
AND 2° ONTD MOLD
N i
c MOLD
DBM-1708 STRIP
(MAT DOWN)
STOP THE DBM-1708 STRIPS
AT THE END OF FLANGES
TRAILING EDGE
B
90m
DBM-1708 STRIP
(MAT DOWN)
FLANGE REINFORCEMENT - HP SKIN: 1 | 46262 | GLASS, BIAXIAL, DBM—1708 w)[ n
NO. | PART NO. | DESCRIPTION [ oty
PARTS LIST
- APPLY STRIPS OF DBM-1708 TO THE LE AND TE FLANGES AS SHOWN ABOVE PRORCT g‘ﬂ
Qpf ComposiTES INC. BSDS PHASE I it
- THE STRIPS SHOULD EXTEND 2" DOWN ONTO THE BLADE RT. 136 MARKET ST, WARREN, R §
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