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Data pts "1-1" "1-2" "1-3" "1-4"   Average 
  Mpa Mpa Mpa Mpa   Mpa 

10 4607.584 4604.108 4663.186 4762.405   4659.32 
20 4588.04 4561.244 4649.441 4734.185     
30 4503.477 4477.701 4598.113 4647.839     
40 4348.917 4337.466 4531.83 4478.438     
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Data pts "2-1" "2-2" "2-3" "2-4"   average 
  Mpa Mpa Mpa Mpa   Mpa 

10 8604.616 7867.267 8604.616 7993.266   8267.441 
20 8246.401 6984.797 8246.401 7007.439     
30 7785.531 5711.126 7785.531 5945.787     
40 7027.18 4449.557 7027.18 4839.426     
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Material E11 E22 v12 G12 density thick 
  GPa GPa   GPa kg/m^3 mm 
CLT Calculations             
45/-45/0/90/45/-
45/core/S 33 33 0.336 17.8 610.8 4.975 
45/-45/0/90/core/S 19.4 19.4 0.245 7.8 475.1 4.375 
0/90/core/S 14.4 14.4 0.34 2.08     
              
Tested             
0/90/core/S - trial 1 4.75 4.75 0.34   354 3.785 
0/90/core/S - trial 2 4.66 4.66 0.34   280.6 3.785 
45/-45/0/90/core/S - 
trial 2 8.27 8.27 0.245   418.5 4.14 
�
�
��� !
"!#�	���	������������������
�
��)�3�!��!�������&��9���������������&	������������+	&����&����	�
��������	�!�
�������8����������!�	��"�	���<�3�	������=	��������;�!�
	�����������!�
����
�%#��!�
���8���������!���7�����

�������
�=����&����	�
��������	�!�8������������
�
�%#��!�
��=��;���������&	�������*���3�

������+	&����<����!��=�
��!�����3���������8���
;��2�	��������8	�	����
�&�������"��&�A)>.?.�����%	�
����!�
�!�3�	���!���
��
��&��������!���;
%��
�!�
%�������
	�%��5�����%��&	������!���	����!�!�3����
�+�
�����8���;����&���
����
%!	!�����!���	����8
���	����
�
$%��&	�4�
�
�	�!�<�	��	!�����!!��%������&��!�����������"�������
���!�!������������)���!�
�!�
�"����3	������
	�%����������������&��!��������	!<�!�=���
���D�!9�����
�%#��!�3����
���������5%��!	�"���!	&�
��!9�����
�%#��<�&���!�������!	
%�	����	8	���;%�
����	���
����!�&�
����	����A.����	"���� ����)�'�
%��2�7�H������
�!���=	;��&�����3�!�
�!������&��!����=�
��	�%�=!��8��9����%��8�!���	8	����	��!�3	����������"	�"�����
��!���!������

��
�



Pg 8 

�
�	"��� ��4�/�3�!����&���!��8���!9������
����L�
�!���
����	��!����&��!����������
�
C!	�"�����
�!���=	;��&����<�����!	&�
��
�3���8��9����%�&���!�������!	
%�
&��!���������	����	8	���;%���%!	��
��+�	��&�����8������
����3	������	"	���;:����
��������8�
���!	�	��	�"��8�����&��!���&������	��������	�!�����<��	"���� ���!��3!�
������!���!���8���!9������
����3	�������
�!�����	�����=��%������������������6�	!�
!���
��;������������8�������&����A�<����������	����!�8����������#����&���!��
������<�����
��"�����2�3�!��;!��=�����������B���
�

�
�	"���� ��4�.9������
������!���!��&��!��������"�
%�����������

�
>�+������
�!�����	���3�!�!�	8�������������������8������8�������
=�!��8������
����
A.����	"���� ��<��������� ���&���!����)�!&�

������2�!���
��;�����!�����������
8����&����
�A�<���&���
�8��9����%������&	�����;�=�<�������
��"�����2�!���
��
��3�;�����!����������	"����8��9����%<������!���	�"������������*��� ���&�����
���������	!�	!�������!�<�3	����������* ���&���!����������� -���B��A.����	"����
 � ��



Pg 9 

�

�
�	"���� � 4�.9������
������!���!��&��!����������������8�M������
�����

�
6���<�����
�!�����	���3�!�
�������	��������������8������8�����9�������!�A.���
8	"���� ��<�����&������6�	!���3�!���
���	�2��������8	�!�<�!�����<�������	���&���!�
�!�3�

��!�����3����2������������&���<��	"����������������* ���&���!��)"�	������
����	��	��!������������<��!�!��3��	���	"���� ��<�3	�����������&������������B��7���
	�����!�	�"������	!������������������ ���&���!�������������+���
%�����!�&��
8��9����%<����!�&�;
%�;����!�������
����3�!������+���
%�!9��������*���
��&�"�����!��

�
�	"���� ��4�.9������
������!���!��&��!����������������8�9���������

�
C!	�"�8	+���;������%�����	�	��!����=�������;
�!�&��	����&���	�"������)<�!������
�
���!�3�������
%B���3	���8������"�!���������#�
%�!���3	���
�%��<�����&����
8��9����	�!��"�����3�

�A�#� @��������8�������8	�!��-�&���!��A.���6�;
�� ����
���&���	!<���������
�!	���3�!����3�����������&���
����
%!	!��8�)>.?.���&������
3�

�����"��������
�
	8���������&��������8	�������&����8��9����	�!��8���"�	����
;��%��6�	!�&�������8�	����	8%	�"�&���!�3	

�;���!�������+���	&����

%������&	���



Pg 10 

�����+����&���
�8��9����	�!��8�����"�	���<��
����"��	��3	

�;��!�&�3����&����
�	88	��
�������������&������&�
�+�&����!����!��
�
6�;
�� ���
2 ply square, FREE 
edges Mode 1 2 3 4 5 6 7 
  (Hz) (Hz) (Hz) (Hz) (Hz) (Hz) (Hz) 
FEA 135.5 195.73 232.67 346.44 346.44 594.75 594.75 
TEST 145 195 260 335 350 525 545 
% difference 6.55% 0.37% 10.51% 3.41% 1.02% 13.29% 9.13% 
�
������	�	��<���&���	!�����!�!�3���������3	�����8���#��"���"�	����;��2����3�=��<�
����!	"�	8	����
%�&������&�
�+�&����!����!��������#��&�"�����!���������8�
����8�
������"��!�%
���8�
�%#���
������"�������������	����%	�"����&������������
&���
�8��9����	�!�	�������	����
�
.���	�4�
�
7��#�8#�
����!�	88��!!�	!��
!��=��%�	&��������8�������8����	���
	�%��8���"�	���<�;����
���8��
�A!�
	���!!��8�����;��%������	����8
���	����8�����!����;�����������!��	�"�
���!	���������������������&	��������������%��8���)�	������	��	�"��������#�8#�
����
��8
���	���=!��8����<�����������&���	!����+���	&����3�!�!�������)�"�	����;��2�

�%#���3�!����!���	����;%�	�!���"�!�����3�	"��!�!%!��&��	��

%��������������
��������8�	��A����������2��3�����#�8#�
����8�������)��	�
�"��"��3�!�!�����������
������
�
����	���������8
���	���&��!�������������������)�����
�"��!�!	����	���
3�!�&���
���	��)>.?.����������#
	��������
%!	!����8��&����$��������!��3��	��
)�����	+����
�
6���	�	�	�
�!�	88��!!�3�!�=��%�!	&	
���;��3������)��������
	�%<��!�!��3��	���	"����
 ������3�=��<��������8
���	��!����������&&<�����=�
��!�;�"��������=	�����!�
���#
	����	�	�!�;�"������	����������3�=��<�	��!�;!�9�������)����
%!	!<�	��3�!�
�����&	������������3��
����8
����
�!!���������&&<�!����	!���=	��	���	!�
	�!	"�	8	���������������
%!	!��6����8���<�!���	����)���!�
�!�	���������#�8��
����
�	����	�������;�����!�����
�



Pg 11 

Out-of plane stiffness - Guitar back
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Mode Frequency Comparison
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Density Calculations                   

  Meas X   
Meas 
Y   

Meas 
Thick     Area Area 

Raw materials in cm in cm in cm m in^2 cm^2 
Actual carbon (0-90 cloth) 2.20 5.59 2.35 5.97 0.01 0.03   5.17 33.35 
foam (UW Sub team: 
General plastics) 4.98 12.65 12.05 30.61 0.13 0.32   60.01 387.15 
                    
Laminates: reference                   

rainsong         
0.149-
0.169 

0.38-
0.43       

First Layup                   
small piece 3.36 8.53 10.00 25.40 0.15 0.38 0.0038 33.60 216.77 
large square 13.75 34.93 13.75 34.93 0.15 0.38 0.0038 189.06 1219.76 
   -within frame 11.10 28.19 11.10 28.19 0.15 0.38 0.0038 123.21 794.90 
                    
Full sheet, trial 2 13.63 34.61 13.65 34.67 0.15 0.38 0.0038 185.98 1199.88 
Full sheet foam dims trial 2 11.70 29.72 11.70 29.72 0.15 0.38 0.0038 136.89 883.16 
                    
Small section, 1 ply, trial 2 3.10 7.87 6.13 15.56 0.15 0.38 0.0038 18.99 122.50 
small section, 2 ply, trial 2 3.10 7.87 6.10 15.49 0.16 0.41 0.0041 18.91 122.00 

                    
Meas 
weight 

area 
dens dens dens 

wt 
foam 

wt 
carbon 

(wt 
epoxy) % foam % carbon %epoxy 

g g/cm^2 g/cc kg/m^3             
0.67 0.02 0.61 608.33             

11.23 0.03 0.09 91.36             
                    
                    
    0.25               
                    

25.10 0.12 0.31 305.95 6.29 8.71 10.10 25.05% 34.70% 40.25% 
155.00 0.13 0.34 335.77 26.95 49.00 79.05 17.39% 31.61% 51.00% 
106.51 0.13 0.35 354.04 23.06 31.93 51.52 21.65% 29.98% 48.37% 

                    
118.06 0.10 0.26 259.98 25.62 48.20 44.24 21.70% 40.83% 37.47% 
93.78 0.11 0.28 280.59 25.62 35.48 32.69 27.32% 37.83% 34.85% 

                    
13.62 0.11 0.30 295.76 3.55 4.92 5.15 26.09% 36.13% 37.78% 
21.14 0.17 0.42 418.53 3.54 9.80 7.80 16.74% 46.37% 36.89% 
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FINAL TOP FEA: (mode) 0,0 0,1 1,0 
hinged BC, 10E9, .00414, .07kg bridge, .03 mesh, 4 node 114.51 294.47 311.37 
hinged BC, 10E9, .00414, .07kg bridge, .02 mesh, 4 node 113.82 293.53 310.67 
hinged BC, 10E9, .00414, .07kg bridge, .01 mesh, 4 node 113.31 292.38 310.04 
hinged BC, 10E9, .00414, .07kg bridge, .03 mesh, 8 node 113.65 293.19 310.97 
hinged BC, 10E9, .00414, .07kg bridge, .02 mesh, 8 node 112.68 290.15 308.75 
    
Fixed BC, 10E9, .00414, .07kg bridge, .03 mesh, 8 node 208.05 447.68 462.01 
Fixed BC, 10E9, .00414, .07kg bridge, .02 mesh, 8 node 205.9 442.65 457.2 
�
A���S��

0,2 1,1 1,2?     
459.01 647.73 718.7 783.59 850.81 1002 1124 
456.99 641.98 717.51 779.29 851.6 1001.9 1125.3 
455.28 635.58 714.02 773.59 852.27 999.14 1125.4 
454.61 633 717.28 771.66 853.28 1014 1126.2 
449.62 627.62 707.53 765.41 847.54 992.85 1118 

       
693.09 863.57 973.62 1027.3 1153.5 1223.4 1453.7 
684.26 848.68 960.01 1017.1 1142.7 1201 1431.5 
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wt block =  276.12 g       
wt plate =  1194.75 g       
start position 0.0045         
            

total weight deflection deflection FEA def 
% 
difference stiffness 

N in mm mm   KN/m 
0 0 0     39.845 

2.7087372 0.002 0.0508 2.121205     
5.4174744 0.005 0.127 5.303012 2.11%   
8.1262116 0.008 0.2032 8.484819 4.41%   

10.8349488 0.0105 0.2667 11.13633 2.78%   
13.543686 0.0135 0.3429 14.31813 5.72%   

16.2524232 0.0165 0.4191 17.49994 7.68%   
18.9611604 0.019 0.4826 20.15145 6.28%   
21.6698976 0.021 0.5334 22.27265 2.78%   
33.3903951 0.033 0.8382 34.99988 4.82%   
45.1108926 0.0415 1.0541 44.015 2.43%   
56.8313901 0.049 1.2446 51.96952 8.55%   

            
56 node         

Force per 
Node 

FEA lines 
const 

FEA 
E=10E9       

  mm non-lin       
0.178571429 0.295 0.244       
0.357142857 0.591 0.487       
0.535714286 0.886 0.728       
0.714285714 1.181 0.965       
0.892857143 1.478 1.19       
1.071428571 1.773 1.43       

1.25   1.66       
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CAG Project BOM- Price/Supplier list       

Item Specific Price 
price 
each vendor 

Raw Wood         
neck blank - 
mahog         

2 30x4x3 quartersawn honduran $76.50 $38.25 LMI.com 
3 23x4x3 quartersawn $182.58 $60.86 stewmac 
1 23x4x3 quartersawn $67.60 $67.60 stewmac 
2 3x4x30 $89.95 $44.98 grizzly.com 
1 36x1x3 $31.99 $31.99 colonial tonewoods 
2 28x4x3 $72.00 $36.00 alliedlutherie.com 

Fretboard - ebony 
Slotted? +$6 @ stewmac (25.4"), 
+$8 at LMI -- Rad? +$8 at LMI       

3 Madag. B grade $38.85 $12.95 LMI 
1   $13.65 $13.65 LMI 
1 20x2-3/8x1/4 $24.83 $24.83 Stewmac 
1 21x2.75 $16.50 $16.50 alliedlutherie.com 

Bridge Blank - 
ebony         

1 7x1-7/8x1/16" $7.13 $7.13 stewmac 
1 "steel string" $5.05 $5.05 LMI 

Neck block       dunn? 
Bridge plate?         
  Rosewood 4.05   LMI.com 
  Maple 2.65   LMI.com 
  Maple 3.25   Stewmac 
Heel block         
  6x4x3" Mahogany 17.75   LMI.com 
  12x3x1" 10.85   LMI.com 
Hardware         
Tuners         

3 Gotoh - chrome large knobs $85.50 $28.50 stewmac 
1   $36.26 $36.26 stewmac 
3 Gotoh - M6 chrome large knobs $81.75 $27.25 LMI 
1   $29.35 $29.35 LMI 
3 Schaller 0643 chrome $139.41 $46.47 stewmac 
1   $52.64 $52.64 stewmac 
3 Schaller SS $120.60 $40.20 LMI 
1   $44.25 $44.25 LMI 
1 Schaller chrome standard $42.00 $42.00 alliedlutherie.com 

  ebay   20-30   
Nut         
  GraphTech, slotted $8.99   musiciansfriend.com 
  Bone, unslotted $5.11   stewmac 
  Bone, unslotted $3.25   LMI 
Saddle         
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  1/8" thick $4.82   stewmac 
  bone, shaped $3.20   LMI 
Bridge pins (6 pack)       
  cream plastic $1.30   LMI 
  cream plastic w/ black dot $1.75   LMI 
  Ebony with MOP/abal. dot $6.75   LMI 
end/neck pin         
  Ebony with MOP/abal. dot $2.05   LMI 
Truss rod         
  14-1/4" length Hot Rod 1/8" allen $14.26   stewmac 
  double action welded nut, 14.5" $22.75   LMI 
          
Strings         
fret wire         
70ft Medium/medium (18% NiAg) $35.28 $0.50 stewmac 
2ft Medium/medium (18% NiAg) $2.52 $1.26 stewmac 
4ft hard (18% NI-Ag) $4.30 $1.08 LMI 
100ft hard (18% NI-Ag) $49.95 $0.50 LMI 
12ft hard (18% NI-Ag) $10.65 $0.89 LMI 
Acoustic pickup         

1 

LR Baggs I-Beam, w/ endpin 
preamp+soundhole volume 
control $139.90 $139.90 Stewmac 

1 Fishman Natural I or II $118.95 $118.95 Stewmac 
1 Highlander Pickup (with preamp) $179.75 $179.75 LMI 

Acoustic preamp         
          
Other materials         
Inlay materials         

1 
paua abalone microveneer 
(.15mm) (3x5") $12.50 $12.50 inlayusa.com 

1 
paua abalone microveneer 
(.15mm) (5x9") $34.00 $34.00 inlayusa.com 

1 
paua abalone top-strat (.05") 
(3x5") $22.50 $22.50 inlayusa.com 

1 paua abalone (.05") ( 2.5x4.5) $45.95 $45.95 customluthier.com 
side dot material         
          
pickguard: 0.005" 
mylar         
          
Finishing         
FB dye         

1 4oz $5.61 $5.61 stewmac 

1 
.5oz (makes 8 oz w/ alcohol and 
shellac $5.90 $5.90 LMI 

Stain         

1 
ColorTone, black, red, whatever 
(2oz) $16.45 $16.45 stewmac 

nitrocellose lacquer         
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  1 quart Behlen $15.18   stewmac 
polishing 
compounds         
lacquer thinner         
  thinner 1 qt Behlen $8.48   stewmac 
grain filler         
  1 pint, clear $14.65   stewmac 
  1 pint, brown $18.50   stewmac 
sealer         
  1 qt, behlen $13.78   stewmac 
          
Tools         
HVLP system   $500.00     
fret files         
  3-in1 fret file for crowning $36.75   LMI 
fret end dressing 
file         
  um. Yeah. $12.36   stewmac 
fretting hammer         
  brass/plastic $15.95   stewmac 
  brass/plastic $15.10   LMI 
radius sanding 
block         
  16" radius x 7" $14.45   LMI 

slotting saw?   
not 
needed     

miter box?   
not 
needed     

fretboard guards         
  set of 6 $9.25   Stewmac 
precision 
straightedge         
  24" AL 0.005" $33.12   McMaster 
  24" tool steel accurate to .001" $48.00   Mcmaster 
  24"  $55.90   stew mac 
bridge saddle 
locator         
  saddlematic $29.95   stew mac 
clamps:         
threaded rod         

10 
3' 14-28 SS threaded rod: pn 
98837A029 $0.93 $9.30 McMaster 

          
circle saw Borrow       
          
washers         

  
1/4" ID zink plated steel washer 
pk 100 pn:98023A029 $4.80 $4.80 Mcmaster 

wingnuts         

  
1/4-20 wingnut pk 100: pn 
90866A029 $8.38 $8.38 McMaster 
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dremel tool   Have     

dremel router   
not 
needed?     

inlaying bits   
not 
needed?     

inlaying knife?   
not 
needed?     

nut files         

  set of 8 Ibanez $90.35   LMI 

dovetail router bit         

  10 deg? With 1/2 " bearing $25.90   stewmac 
2-flute by 5" ball 
nose         

  
3/4" by long enough: pn  
3046A46 $50.40   mcmaster 

bridge pin hole 
reamer         
  5 deg $44.90   stew mac 
  HAVE ONE (6.2 deg) FREE     
7/32" cutter (truss 
rod)         
  double ended: pn 3049A43 $12.12   mcmaster 
buffing wheel for 
spindle         
  12"dia 3/4" shaft $13.58   stewmac 
  12"dia 3/4" shaft $12.40   lmi 
          
Misc         
Case       musicians friend 
wood glue       Hardware store 
hide glue         
8oz franklin hide glue $9.15 $1.14 stewmac 
  granular (1 lb) = 2 pts $14.82   stewmac 
  granular (1 lb) = 2 pts $9.75   lmi 
          
  Rough subtotal for first order:  $1,211.00     
�


