Statement of Work for a Modular Advanced Fiber Placement Head


1 Scope.  This Statement of Work (SOW) defines the effort required for the design, engineering development, fabrication, and qualification of a Modular Advanced Fiber Placement (AFP) Head to be installed at NASA’s Marshall Space Flight Center (MSFC) Composite Manufacturing Research Facility in Huntsville, Alabama.
1.1 Background.  In an effort to advance the technology readiness level (TRL) of composites for heavy‐lift launch vehicles, NASA/MSFC is in the process of upgrading its composite manufacturing research capability infrastructure. This engineering approach shall provide a better understanding of the cost, lead‐time, size, and upscaling issues inherent in manufacturing large components using automated fabrication methods.

The maturation of highly capable automated laminating processes, especially the AFP process, fueled the evolution of a plethora of very large composite commercial aerostructures over the past decade. The AFP process played a pivotal role in the revolutionary advancement for the Boeing 787 composite fuselage and subsequently the Airbus A350XWB.
AFP is ideally capable of fabricating very large composite structures by virtue of unparalleled adaptability, productivity, efficiency, reliability, and repeatability. As such, the procurement of an AFP head is the historic beginning, marking the unification of AFP with very large composite launch vehicle structures.  This was recently demonstrated under the NASA Composites for Exploration (CoEx) Project which resulted in a final deliverable of a full scale structure representative of the baseline SLS payload fairing.

It is required that NASA/MSFC procure an Modular AFP head to support an upcoming FY14 SLS - Advanced Development Office (ADO) and Advanced Exploration Systems (AES) project.  This necessitates that the equipment be in place at MSFC before the end of FY13 to verify and validate the functionality of the equipment prior to the start of the project.
2. Requirements.  The work required by this contract shall be performed in accordance with this Statement of Work (SOW).
2.1 General Description.  The Modular AFP head is an off the shelf end-effecter that is used to dispense 16 carbon fiber tows onto a tool surface for production of composite structures (see Figure 1).  It uses clamp, feed, and cut modules to control payout of each individual composite prepreg tape/tows.  The head has an on-board creel capable of holding 16 spools of slit prepreg composite fiber.  
The AFP head shall be attached to a computer controlled motion platform through a quick-change interface.  It can be disconnected from the motion platform and transferred to a maintenance stand.   The stand allows access for loading, cleaning, and maintenance and provides power and air for head operations through an umbilical cable and a standard shop air interface.  In the stand the AFP head shall operate fully functional in a standalone mode.  This shall allow AFP head to function as a material processing test bench.  By working with a material supplier (Hexcel, Toray, Cytec) or a material processor (Web, Independent Machine) to analyze materials processing strength or weaknesses along with the assessing the reliability of the products.  This shall allow evaluation of various slit tape/tow prepreg forms.  This shall be used to gauge the AFP head mechanism reliability and determine the materials tendencies to form stringers, fuzz-balls, resin build up, jamming in the shoots, cutter shear edge, and cutter life.

Basic AFP heads are individually configured to process specific material forms usually 1/8”, ¼”, or ½” wide slit tape/tow of specific geometric tolerances.  AFP heads can be configured for either 11” or 16” long spool cores (16 long cores allow for maximizing the material held on the head).  Tool point offset distance from the tool changer to the compaction roller (tool point) can be modified to allow for higher clearances of head to part for more complex structures.
2.2 General Modular AFP Head Specification 

2.2.1 Material to be processed by Modular AFP head
2.2.1.1 Initial material to be processed by head is ½” wide pre-impregnated epoxy slit tape/tow of up to 0.010” nominal thickness. (see Figure 2)

2.2.1.2 Outer spool diameter up to 8.5 inches.

2.2.1.3 Spool core of 3.25” diameter and 11.0 inches long.

2.2.1.4 Tool point offset from tool changer interface to compaction roller shall be 36.5 inches

2.2.1.5 The total tape/tow count for the modular AFP head is to be 16 tape/tows feed from 16 spools loaded on the head.
2.2.2 Speed Accuracy.  Independent of motion platform for the modular AFP head (motion platform may constrain velocities) shall be able to add and cut material at up to 2000 inches/min and place ends within +/-0.1” boundary of unidirectional or bidirectional ply layup on part.
2.2.3 Mechanical.

2.2.3.1 The Modular AFP head shall be delivered with the head mounted to a maintenance stand that shall enable loading and processing material which shall include clamp, cut, and feed material.   
2.2.3.2 The Vendor shall provide technical configuration information to program the Modular AFP head to feed and chop material continuously via computer program.  The AFP head shall need to connect to a customer supplied pc type computer (directly or via network) to run the continuous feeding and cutting operation.

2.2.3.3 The modular AFP head shall be removable by a quick change interfaces during automated tool change.  All connections shall be automatically disconnected during the head change.

2.2.3.4 The AFP head maintenance stand shall interface with the modular AFP head via standard ATI 510DT tool changer.  The tool changer shall conform to ATI tool changer interface: ATI-9121-510DT-JJ2G190G19-MT8L0MT8-AN2 (This is the part number for the tool changer and all the corresponding modules that describes the mating interface)
2.2.3.5 The AFP head shall be able to be powered in carts via supplied umbilical cord that provides communication, power, and air.   

2.2.3.6 Front side of head shall be equipped with guide pins and index features that interface to the transfer stand that shall allow it to be disconnected from the motion platform and transferred to a maintenance stand.  Pin indexes on front side of head shall be provided along with power and IO connection that allow for head to operate in stands (no heater function).

2.2.3.7 The tow cutting blades shall have nominal service life better than 60,000 cuts without re-sharpening.  The blades shall be easily accessible and require a minimum number of tools for cleaning and replacement.  Blades shall have the capacity to cut double thickness material to ensure the ability of cutting splices. Maximum expected material thickness - .020”.

2.2.3.8 The design of the head shall be laid out for ease of cleaning. The tow cut, add and clamp modules shall be designed for quick no tools removal and cleaning (see Figure  3).  

2.2.3.9 Special non-stick and high-wear coatings shall be used for any surface that contacts the material.  Head parts and surface treatments shall be fabricated to provide high quality and wear resistance. Well chosen, high quality, uncoated materials may be utilized as appropriate for application and reliability.   

2.2.3.10 Fiber “Fuzz” mitigation. Fiber fuzz that may be shed during material feeding shall be contained, or covers provided, to reduce the ability of the fuzz to contaminate the cell or critical components from the resin and fiber.  The guide chutes shall be easily accessible with a minimal amount of tools to allow cleaning of built-up resin and fuzz.  Add, cut and clamp modules shall be designed for no-tools access and include the latest technology applications for piston, seal design, etc.

2.2.3.11 The compaction roller design shall incorporate the latest technology features to allow rapid change out with a minimum number of tools.
2.2.4 User Interface. A readily accessible on head hard button panel shall be provided that shall be used for maintaining, cleaning, loading and threading of the modular AFP head. 

2.2.4.1 Hard button panel shall have buttons for:  Cool, Spool Release, Thread, Feed, Cut/Cutter Clean.
Cool: The COOL button shall be used to manually toggle the pneumatic cooling for the head delivery end.  The cooling shall be thermostatically controlled. Thermostatic set points shall be able to be adjusted on the software button panel.  Pressing the COOL button shall toggle cooling off and on.
Release: The REL button shall enables release mode, which facilitate threading the head. In release mode, clamps and brakes shall be retracted on the side where the button was pressed (evens or odds).  Pressing the REL button again shall disable release mode.  Holding the REL button for 3 seconds and all brakes and clamps shall release (both sides).

Thread: The THRD button toggles thread mode. In thread mode, feed rollers for the active tows shall be extended and the servo feed rollers shall advance while the FEED button is depressed. Pressing the THRD button again shall disable thread mode. Hold the THRD button for 5 seconds to activate reverse thread mode. In reverse thread mode, all feed rollers are retracted and the servo shall spin in reverse direction while the FEED button is depressed.
Feed: The FEED button shall be used to momentarily spin the servo feed rollers in thread mode. The FEED button shall feed a short fixed length of tow if the head is not in thread mode.

Cut/Cutter Clean: The CUT button cuts the active tows after a short delay. Hold the CUT button for 10 seconds to enable Cutter Clean mode. In Cutter Clean mode, the cutters extend and remain extended so that the cutting edges can be cleaned. Pressing the CUT button again shall disable Cutter Clean mode.

2.2.4.2 Functions required to perform rethreading of tows shall be as simple as possible. Permanent numbering of tape/tow lanes shall be provided to simplify the task and eliminate errors.  The numbering shall not be subject to degradation due to cleaning (i.e., stamped)(see Figure 4).
2.2.5 Control Specification
2.2.5.1 Head shall have a Siemens PLC onboard to interface with the motion platform CNC.  

2.2.5.2 All tow spools shall be automatically and individually monitored for motion and velocity. Any malfunction caused by missing or jammed tows shall be indicated and reported as an error to the Operator

2.2.5.3 The fiber placement heads shall be capable of variable fiber feed-rates from tow to tow, for application across compound contours

2.2.5.4
Compaction control and compensation: 

2.2.5.4.1 The fiber placement heads shall incorporate a compaction roller mechanism with programmable and controllable force of 50 - 350 pounds. This shall be accomplished with or without fiber, and at any lay down speed.

2.2.5.4.2 Compaction force shall remain consistent regardless of head orientation to gravity within 20 lbs force.

2.2.5.4.3 Over-travel of the programmed compaction roller force shall generate a powered rapid machine stop and an e-stop.  Automated notification of this condition shall be provided to the Operator.  The Supplier shall design the compaction roller system for full speed on-axis traverse directly into part with no damage to the head, machine, or part

2.2.5.5 Heating:
2.2.5.5.1 During the material lay-down, the material shall not be exposed to heating in excess of 200 deg F.  Heating of the material shall be accomplished utilizing an open loop infrared heating system with a check input. This system shall be calibrated to provide the correct required temperature at each associated tow lay up speed.

2.2.5.5.2 The infrared heating shields shall be actively cooled/insulated to prevent burns by contact when rethreading the head and to keep the high infrared temperatures away from the head. The heaters shall be monitored for percentage override and include a redundant sensor for an over-current condition, which shall shut the heater off as necessary. Under-current condition shall provide an operator alarm (see Figure 5).

2.2.5.5.3 At zero velocity, the material shall not be heated. Zero tolerance on failure.

2.2.5.5.4 If required operator shall be able manually override programmed heat application through control panel interface.
2.2.6 Electrical Specification.  Wire bundles for head I/O and all other lines shall be wrapped and suspended neatly and cleanly. Covers over the wire bundle shall be designed to reduce wear on the cables and wires.  Disconnect plugs shall be at the head.  All motor electrical connections shall be protected against collision damage.
2.2.7 Pneumatic Specification.  Head shall have plumbing for both high pressure and low pressure air. 

2.2.7.1 Low pressure air is to be supplied at 90-110 psi with corresponding servo pneumatic regulators for software control of operational pressure on head mechanisms. 

2.2.7.2 High pressure air system for cutters, clamping and feeding modules shall be designed to handle up to 175 psi.  Servo pneumatic regulators shall be used to programmatically control operational pressure on head mechanisms
2.3 Documentation.

2.3.1 Software copies of head operator and maintenance manuals shall be provided in addition to 1 hard copy.  Owner is allowed to make additional hard copies as needed for operation and maintenance of equipment.  
2.3.2 Head assembly drawings: A software copy along with 1 hard copy shall be provided.  The drawings are detailed enough to be used for identifying parts, general assembly and disassembly of head along with ordering of spare parts.  No individual part drawings, or manufacturing drawing shall be provided
2.4 Warranty. Modular AFP head shall be warranted for one year after start of operation at NASA/MSFC Composite Manufacturing Research Facility in Huntsville, Alabama.
2.5 Deliverables All deliverables under this effort are summarized as follows:

2.5.1 Modular AFP head

2.5.2 AFP head maintenance stand with umbilical power cord.

2.5.3 Manuals and assembly drawings.

2.6 Shipping.
2.6.1 FOB NASA/MSFC Composite Manufacturing Research Facility in Huntsville, Alabama.

2.6.2 Modular AFP head and stand shall be fully protected from the elements during shipping.
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Figure 5 – Infrared Heater 





Figure 4 – Guide Tray





Figure 3 - Cut, Feed, Clamp Module Removal





Figure 2 - ½” wide pre-impregnated epoxy slit tape/tow





Figure 1 – Modular AFP Head and Stand








