Drawing Notes which apply to all carbon fiber parts
	1
	Nominal material for all plies:

	
	a
	Fiber shall be Granoc CN-80 (or XN-80), tensile modulus 780 GPa.

	
	b
	Each ply shall be bidirectional fabric, 240 gsm, plain weave (PF-XN80-240).

	
	c
	Resin shall be EX-1515 cyanate ester.

	
	d
	Fiber shall be pre-impregnated with resin (prepreg).

	
	e
	Prepreg shall have resin mass fraction 32% ± 2%.

	2
	Alternative materials:

	
	a
	Vendor may propose equivalent alternate fiber or resin.

	
	b
	Approval of any alternate(s) is entirely at customer's discretion, and shall be made in writing.

	3
	Processing:

	
	a
	Cured part shall have fiber volume fraction between 50% and 60%.

	
	b
	Cured part shall have void fraction <= 1%.

	
	c
	Cure temperature shall 121°C for 3 hour minimum hold time (EX-1515).

	
	d
	Any alternate resin shall be cured according to resin manufacturer's recommendations. Cure profile shall be approved by customer in writing.

	
	e
	Minimum vacuum pressure 25 inHg shall be applied during cure.

	
	f
	Additional autoclave pressure of 40-100 psig is preferred.

	
	g
	Surface texture for bonded interfaces shall be generated by incorporating peel ply in the vacuum bag stackup during cure.

	4
	Fiber directions, unless otherwise specified on drawings:

	
	a
	0° direction is parallel to center axis for cylindrical parts.

	
	b
	0° direction is parallel to longest orthogonal direction for planar parts.

	5
	Material coupons shall be delivered to customer with parts.

	
	a
	Coupons shall be laid up and cured alongside / simultaneous to production parts.

	
	b
	Coupons shall be at least 1" wide x 5" long, and of same thickness.

	
	c
	Vendor shall deliver minimum of 2 coupons per unique layup definition.

	6
	Vendor shall deliver the following documentation with parts:

	
	a
	Material certifications from fiber and resin manufacturer(s).

	
	b
	Measured time, temperature, and vacuum pressure data during cure of all parts.

	
	c
	Clear documentation of no loss of vacuum pressure during cure.

	
	d
	Measured autoclave pressure data (if applicable).

	
	e
	Total storage and out times of prepreg prior to cure.





Estimated laminate properties
	Assumed values for manufacturing process

	
	Mm
	32.0%
	
	resin mass fraction in prepreg

	
	FAW
	240
	gsm
	fiber areal weight

	
	Vv
	0.5%
	
	

	
	surface texture thickness
	70
	um
	both sides, from LBNL measurements 2013-04-24 with peel-ply surface

	Estimates of cured ply thickness and prepreg areal weight

	
	CPT woven
	209.2
	µm
	cure ply thickness

	
	PAW
	353
	gsm
	prepreg areal weight

	Fiber and Matrix Properties

	
	Fiber
	CN-80
	
	

	
	E1f
	780
	GPa
	CN series data sheet

	
	E2f
	8.9
	GPa
	by analogy to P-55S fibers

	
	Em
	4.4
	GPa
	Kollar&Springer. Approx value for structural epoxies

	
	ν12f
	0.23
	
	by analogy to P-55S fibers

	
	νm
	0.35
	
	Kollar&Springer. Approx value for structural epoxies

	
	ρf
	2.17
	g/cm³
	CN series data sheet

	
	ρm
	1.17
	g/cm³
	EX-1515 data sheet

	
	G12f
	317.1
	GPa
	

	
	Gm
	1.6
	GPa
	

	Uni Ply Properties

	
	weave stiffness reduction factor
	5%
	
	LBNL typical value, based on 2013-04-12 tensile test data

	
	Vf
	53.1%
	
	

	
	Vm
	46.4%
	
	

	
	√Vf
	0.73
	
	

	
	E11
	395.7
	GPa
	

	
	E22
	6.4
	GPa
	

	
	G12
	5.9
	GPa
	

	
	nu12
	0.284
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	Assembly
	Description
	Drawing MVTX-2-S-
	Location where layup applies
	Comment
	no. plies
	Thickness (mm)
	Layup ID
	Layups: Stackup definitions start at
inner surface --> outer surface

	CYSS
	CYSS - Cone
	00077
	most of part
	ply drop defined in separate row
	10
	2.16
	A.1
	0/90
	0/90
	0/90
	0/90
	±45
	±45
	0/90
	0/90
	0/90
	0/90

	
	
	
	@ 13.4 mm ply drop off
	±45 ply shall be on INNER surface
	5
	1.12
	A.2
	drop
	drop
	drop
	drop
	drop
	±45
	0/90
	0/90
	0/90
	0/90

	CYSS
	CYSS - Cylinder
	00079
	complete part
	-
	5
	1.12
	B
	0/90
	±45
	0/90
	±45
	0/90
	
	
	
	
	

	LAYER ONE
	L1 - C Ring
	00034
	complete part
	machine chamfer
	7
	1.53
	C
	0/90
	±45
	0/90
	±45
	0/90
	±45
	0/90
	
	
	

	LAYER ONE
	L1 - Pass Through Divider
	00036
	complete part
	-
	4
	0.91
	D
	0/90
	±45
	±45
	0/90
	
	
	
	
	
	

	LAYER ONE
	L1 - PP1 Divider
	00039
	complete part
	-
	4
	0.91
	D
	0/90
	±45
	±45
	0/90
	
	
	
	
	
	

	LAYER ONE
	L1 - S. EW - Rib
	00035
	complete part
	vendor may propose laying up to alternate thickness 2.5 mm (i.e. to save a mold)
	6
	1.33
	E
	0/90
	±45
	0/90
	0/90
	±45
	0/90
	
	
	
	

	LAYER ONE
	L1 - S. EW - Spring
	00033
	complete part
	machine step down to 0.5 mm and chamfer
	9
	1.95
	F
	0/90
	±45
	0/90
	±45
	0/90
	±45
	0/90
	±45
	0/90
	

	LAYER ONE
	L1- S. EW - Cone
	00032
	complete part
	-
	5
	1.12
	B
	0/90
	±45
	0/90
	±45
	0/90
	
	
	
	
	

	LAYER TWO
	L2 - C Ring
	00049
	complete part
	machine chamfer
	7
	1.53
	C
	0/90
	±45
	0/90
	±45
	0/90
	±45
	0/90
	
	
	

	LAYER TWO
	L2 - Pass Through Divider
	00051
	complete part
	-
	4
	0.91
	D
	0/90
	±45
	±45
	0/90
	
	
	
	
	
	

	LAYER TWO
	L2 - PP1 Divider
	00054
	complete part
	-
	4
	0.91
	D
	0/90
	±45
	±45
	0/90
	
	
	
	
	
	

	LAYER TWO
	L2 - S. EW - Rib
	00050
	complete part
	vendor may propose laying up to alternate thickness 2.5 mm (i.e. to save a mold)
	6
	1.33
	E
	0/90
	±45
	0/90
	0/90
	±45
	0/90
	
	
	
	

	LAYER TWO
	L2 - S. EW - Spring
	00048
	complete part
	machine step down to 0.5 mm and chamfer
	11
	2.37
	G
	0/90
	±45
	0/90
	±45
	0/90
	±45
	0/90
	±45
	0/90
	0/90

	LAYER TWO
	L2- S. EW - Cone
	00047
	complete part
	-
	5
	1.12
	B
	0/90
	±45
	0/90
	±45
	0/90
	
	
	
	
	

	LAYER ZERO
	L0 - C Ring
	00007
	complete part
	-
	5
	1.12
	B
	0/90
	±45
	0/90
	±45
	0/90
	
	
	
	
	

	LAYER ZERO
	L0 - Pass Through Divider
	00022
	complete part
	-
	4
	0.91
	D
	0/90
	±45
	±45
	0/90
	
	
	
	
	
	

	LAYER ZERO
	L0 - PP1 Divider
	00009
	complete part
	-
	4
	0.91
	D
	0/90
	±45
	±45
	0/90
	
	
	
	
	
	

	LAYER ZERO
	L0 - S. EW - Cone
	00005
	complete part
	-
	5
	1.12
	B
	0/90
	±45
	0/90
	±45
	0/90
	
	
	
	
	

	LAYER ZERO
	L0 - S. EW - Rib
	00006
	complete part
	vendor may propose laying up to alternate thickness 2.5 mm (i.e. to save a mold)
	6
	1.33
	E
	0/90
	±45
	0/90
	0/90
	±45
	0/90
	
	
	
	

	LAYER ZERO
	L0 - S. EW - Spring
	00008
	complete part
	machine step down to 0.5 mm and chamfer
	9
	1.95
	F
	0/90
	±45
	0/90
	±45
	0/90
	±45
	0/90
	±45
	0/90
	

	SERVICE BARREL
	SB - Cylinder
	00082
	complete part
	-
	10
	2.16
	A.1
	0/90
	0/90
	0/90
	0/90
	±45
	±45
	0/90
	0/90
	0/90
	0/90


* Expected thickness, including surface texture
