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1.0   
Introduction
1.1. This document defines the technical requirements for a Machining Center that is required by the National Aeronautics and Space Administration (NASA) at the Marshall Space Flight Center (MSFC) in Huntsville, Alabama. 

1.2. The equipment will provide onsite machining of components and process capabilities for the Ares I Common Bulkhead honeycomb and bolting ring, and will also support the additional machining and inspection requirements for the build up of the Ares 1 upper Stage Structural Development and Main Propulsion Test Articles (SDTA, MPTA), and the Ares I Pathfinder.  

2.0   
Scope

2.1. NASA-MSFC intends to procure the Machining Center, and also the installation, training, one year technical support, and acceptance testing of a Machining Center. This document defines technical requirements for the design, performance, fabrication, installation, and acceptance of this Machining Center.

2.2. The Machining Center is a high speed and high power 7-axis horizontal machining center that shall be capable of  travel in X,Y, and Z axis, axis for the 20 feet rotary table, axis for the towers, vertical travel of ram and tilting and rotation of axes milling head.  Detailed technical requirements for the tool are defined in this document. 
3.0 
Limitations and Restrictions
3.1. The contractor shall abide by all patent laws and regulations. 
3.2. Following contract award the contractor shall supply NASA with the names of U.S. citizens that shall require access to MSFC during contract performance, and justification for requiring such access. The Contracting Officer’s Technical Representative shall coordinate with MSFC security, and the contractor, to assure facility access as required.        
3.3. Visits to MSFC by non-US citizens or US citizens employed by foreign owned entities must be approved in advance of the scheduled visit. NASA must receive a visit request at least 20 workdays before the date of the visit. Approval is not guaranteed.

3.4. No Government Furnished Equipment (GFE) shall be provided. Contractors required to do work at MSFC shall not be provided computers, office space, etc. NASA shall be responsible for providing the installation facility, facilities interfaces, overhead cranes, and materials for acceptance testing. However, these are NASA owned items that shall be provided for use by NASA designated personnel and shall at no time be transferred to the control of the contractor or be considered contractor GFE.  
4.0   
Definitions
4.1. Accuracy: The ability of the tool to move to a specified location in the work envelope within specified tolerance limits.

4.2. Interface Software: The software that the user interfaces with during operation.
4.3. Motion Axes: The motion axes are those axes used to position the Spindle/Table. 

4.4. Repeatability: The ability of the tool to repeatedly return to a known position within specified tolerance limits.
4.5. Review Item Discrepancy (RID): Discrepancies, questions, or changes submitted in writing to the contractor by the customer during design reviews. It is incumbent upon the contractor to resolve such discrepancies.       
4.6. Machining Center (MC): The Machining Center is a 7-axis machine tool designed specifically for milling and drilling of flight hardware. The technical requirements for this tool are defined herein.
4.7.       Tool: In this specification the term “tool” refers to the Machining Center.
5.0   
Applicable Specifications, Codes, and Standards

5.1. This specification is intended to cover commercially available equipment of current design and shall conform to national codes such as those set forth by the American Society of Mechanical Engineers (ASME), the American Institute of Electrical Engineers (AIEE), ASTM International, the National Institute of Standards and Technology (NIST), the American National Standards Institute (ANSI), and the National Electrical Manufacturers Association (NEMA). Additionally, the contractor shall apply the latest revisions of the following specifications, codes, and standards, as applicable, to the design and manufacture of the machine tool defined herein:
5.2. Electrical:
5.2.1. National Electric Code (NFPA 70)
5.2.2. Electrical Standard for Industrial Machinery (NFPA 79)
5.2.3. National Electrical Manufactures Association (NEMA), Standards Publications 250-2003, Enclosures for Electrical Equipment.
5.3. Hydraulic/Pneumatic:

5.3.1. National Fluid Power Association (NFPA)/T2.24.1 R1-2000 (R2005),  Hydraulic fluid power – Systems standard for stationary industrial machinery - Supplement to ISO 4413:1998 – Hydraulic fluid power – General rules relating to systems.
5.3.2. American National Standards Institute (ANSI)/(NFPA)T2.25.1 R2-2005,  Pneumatic fluid power – Systems standard for industrial machinery – Supplement to ISO 4414:1998 – Pneumatic fluid power – General rules relating to systems (third edition) – To be used in conjunction with ISO 4414:1998
5.4. Safety:
5.4.1. Occupational Safety and Health Regulation (29 CFR 1910)
5.4.2. American National Standards Institute, ANSI Z535.1-2006, Safety Color Code 
5.4.3. American National Standards Institute, ANSI Z535.3-2002, Criteria for Safety Symbols 
5.5. Alignment:

5.5.1. National Aerospace Standard (NAS) 985, Uniform Alignment Tests – NAS 900 Series Equipment Specifications. 
5.6. Paint:
5.6.1. Finish per 4.1 and 21.3 of MIL-STD-171E
5.6.2. Federal Standard 595B Color 15180 (Gloss Blue) or Federal Standard 595B Color 17875 (Gloss White – For lettering only), as applicable.
6.0   Configuration 
6.1. The embodiment of the Machining Center as indicated in table 6-1 consists of a fully integrated, 7-axis vertical milling machining center.  The machining center shall have, at a minimum, the following features: 
(1) Milling head with variable frequency motor spindle and digital drive (indicated in Table 6-4) 
(2) Digital drives for all axes and CNC functions as indicated in Table 6-6 
(3) Feedback by linear scales:  resolution of .001mm (.00004), 40 position tool magazine (options available for larger capacity) as indicated in Table 6-2
(4) Automatic central lubrication unit
(5) Protection covers for all axes 
(6) Coolant system (indicated in Table 6-3) 
(7) Operator Shield and integral chip containment
(8) Electrical cabinet, voltage:  460 V+/- 10% - Neutral TN- cycles:  60 HZ +/-2% Power:  125 kVA, compressed air:  90 psi (indicated in Table 6-5)
(10) 
Operator panel

(11) 
Laser Tool probe

(12) 
Machine options as indicated in Table 6-5.





       Table 6-1. Configuration
	Machine Dimension 



	Length
	15240 mm          
	50’

	Width
	15240 mm        
	50’

	Height
	6100 mm    
	20’

	Table Dimension
	6096 mm    
	       20’ min

	Distance Between Columns
	6096 mm   
	       20’ min 


Table 6-2. Tool Magazine

	Tool Magazine

	Number of tools

	Standard
	40


	Maximum tool diameter
	200 mm
	7.87 inches

	Max. tool diameter 
	400 mm
	15.7 inches

	Maximum tool weight
	10 kg
	22 lbs

	Maximum tool length
	450 mm
	17.7 inches

	Tool changing time
	15/25 sec

	Chip-to-chip
	25/35 sec


Table 6-3 Lubrication with Air Pressure Coolant

	Air Pressure
	6 bar
	90 psi

	Flow
	2.2 Nm^3/min
	25 SCFM

	Minimal Quantity Lubrication with Air Pressure Coolant


Table 6-4.  Spindle Selection:  80 kW (108 HP) -24,000 RPM High Speed Spindle
	Spindle Selection:  80 kW (108 HP) -24,000 RPM High Speed Spindle

Shall be equipped with:  Positive Pressure for spindle protection, taper cleaning by compressed air, Individual bearing lubrication by packed permanent grease, cooling system around the motor and front housings, Thermal sensor, Vibration sensor, Directional nozzles for coolant distribution with optional automatic orientation, Coolant through the spindle and Spindle angular orientation by rotary encoder.  

	Two Axis Head for Aluminum and Composite Materials

	Tool Taper
	     HSK 63 A

	Spindle Speed
	     500-24,000 RPM

	Tool Clamping Force
	             1,600 daN
	              3,960 lbs

	Maximum Spindle Power available from 12,000 RPM
	80 kW
	108 HP

	Maximum Spindle Torque up to 12,000 RPM
	63.7 Nm
	45.9 ft. lbs


Table 6-5.  Machine Options/Utilities

	Part Probe

Measuring cycles


	The probe shall act as an Omni-directional switch and effective in the X+, X-, Y+, Y- and Z- directions. 
Load zero offsets and tool compensations, calculation of circle center point from three or four measuring points, calculation of average value, calculation of average value, calculation of empirical values, collision monitoring, plausibility check of defining parameters and output of message texts and alarm messages is needed.

	Pressurization of Axis Feedback Scales (Dusty environments) 


	Filtered Compressed dry air is required.  The X-Y-Z scale should be tight to hinder the infiltration of noxious substances.

	Post Processor


	The post Processor is needed to optimize metal removal and feed rate, shall be ready to use for Catia and Unigraphics, and can be adapted to any other CAM package.

	Utilities
	Voltage:  460 V +/- 10% -Neutral TN, Cycles:  60 HZ +/- 2%, Power: 125 kVA, Compressed air:  90 psi


Table 6-6.  CNC Functions

	Modes
	Automatic mode with resumption after interruption

JOG MDA (manual data input)

	Drives and Axes
	According to boring, milling technology and special applications

	Spindles
	Full function package for main spindle

	Motion sequences
	Linear and circular interpolation, 3D interpolation, helical Interpolation, Simultaneous/positioning axes with separate feeds

	Overrides
	Axis feed rate overrides 0% to 120%, 

Spindle speed override 50% to 120%

	Tool compensations
	Tool length compensation, tool radius compensation on the plane

	CNC programming



	Dialog programming system 

· Program input simultaneously with machining 

· Three M functions per CNC block

· Subroutine technology; 7 subroutine levels

· Contour programming with graphic support

· Stand cycles for turning and milling 

· Absolute and incremental programming

· Actual-value system for work piece

· Polar and circular coordinates

· Soft approach to and exit from contour

· Scale factor

	PLC programming
	Programming language

Programming in STL, LAD, or FBD

	Data exchange
	Universal interface RS 232C (V.24)/TTy (20 mA)

	CNC options included in the supply 
	· Rotation of tool center point

· Tool life management

· Tool length measuring and compensation 

· Tool length compensation (4th and 5th axis)

· Measuring cycles with probe

· Spindle power, vibration, temperature monitoring

· Handheld unit type B-MPI

· Electronic hand-wheel

· USB Port 

	Basic Numerical Control 
	· OP 15 operator panel with 20” TFT flat color  monitor

· Machine control panel, include Customer keys

· Software ( with Windows XP Operating System)

· Backlash compensation on each axis

· Alarm and message from CNC and PLC

· Safety and Diagnostic  functions

· Programming language according DIN 66025

· Manual (English)

· User memory 2 GB min


6.2. Motion Axes Requirements:
6.2.1. All motion axes shall operate freely without binding under maximum load as defined in Table 6-8.  All motion shall be smooth, having no sudden movements in any direction. Joints in rails shall be smooth, and shall not cause visible or detectable motion at the weld head when crossed. 

6.2.2. All lead screws, gears, racks, bearings, etc. shall be capable of operating over 1,000,000 cycles without replacement assuming proper maintenance (this does not include the spindle). For linear axes one complete cycle is considered to be one round trip from stop to stop. For rotary axes one complete cycle is considered to be travel through 360 degrees.   

6.2.3. All axes shall be equipped with hard travel stops.

6.2.4. No axis shall freefall under any circumstances. Appropriate mechanisms shall be provided to prevent motion axes from falling in the event of a major drive system power or mechanical failure.

6.3. Motion Axes Operational Overview:

6.3.1. X-Axis: The x-axis shall have two primary roles. First, it shall provide cross-slide motion and second, it shall act as a secondary travel axis when making complex contours.
6.3.2. Y-Axis: The y-axis shall have two primary roles. First, it shall provide cross-slide motion and second, it shall act as a secondary travel axis when making complex contours 
6.3.3. Z-Axis: The z-axis shall have two primary roles. First, it shall provide cross-slide motion and second, it shall act as a secondary travel axis when making complex contours 
6.3.4.  Axis roll: These axes are required to maintain the spindle head axis in a nominally normal position relative to complex contours. The torque requirements on these axes are a function of design. 
6.3.5. Axis turntable rotation: The turntable shall be 20-feet in diameter, fully integrated with the control system, have unlimited rotation. The turntable shall be capable of supporting all tooling, fixtures, and components during machining. 
6.4. Range of Motion/ Positioning and Repeatable Accuracies
6.4.1. The range of motion positioning, and repeatable accuracies of each axis is indicated in Table 6-7. 







































Table 6‑7.  Minimum range of motion positioning, and repeatability accuracies

	Axis
	Range of  Motion (Feet) (mm)
	Positioning Accuracies
	Repeatability Accuracies

	X
	30 ft        9000 mm
	+/- 10 μm
	+/- .00040”
	10 μm
	.00040”

	Y
	12 ft        3500 mm
	+/-  8  μm
	+/- .00032”
	8  μm
	.00032”

	Z
	11 ft        3400 mm
	+/-  5  μm
	+/- .00020”
	5  μm
	.00020”

	Head Rotation

     Spindle Tilting
	+/-  400 degrees 

+/- 110 degrees
	+/- 10 arc sec

+/- 10 arc sec
	10 arc sec

10 arc sec


Table 6-8.  Minimum Axis Speed/Feed/Torque
	
Axis
	Rapid
	Programmable

Feed rate
	Max. Acceleration
	Max Thrust
	Max Torque 

(Continuous)
	Max 

Torque

(Pick)
	Clamping Torque

	X
	984 IPM
	.04 – 984 IPM
	80 in/sec^2
	4,400 lbs
	
	
	

	Y, Z
	984 IPM
	.04 – 984 IPM
	80 in/sec^2
	2,200 lbs
	
	
	

	Head Rotation


	50 RPM
	50 RPM
	1000 deg/sec^2
	
	1,472 ft lbs
	1,840 ft. lbs
	3,600 

ft. lbs


7.0   Contractor Requirements
7.1. The contractor’s obligation for the design, fabrication, installation, and acceptance testing of this tool shall be in accordance with the requirements set forth herein. These shall be considered the requirements and are not intended to restrict the use of innovations by the contractor. 
7.2. The following are deliverable items for which contract payments will be made.

7.2.1. Preliminary Design Review – Review to be held at MSFC no later than 8 weeks following contract award. The deliverable item is the PDR package, including acceptable resolution of any Review Item Discrepancies.
7.2.2. Critical Design Review – Review to be held at the contractor’s facility if on the 13 months schedule no later than 39 weeks or if on the 12 months schedule no later than 38 weeks or 11 months schedule no later than 37 weeks following contract award. The deliverable item is the CDR package, including acceptable resolution of any Review Item Discrepancies.
7.2.3. Shipment of Major Subassemblies – Reference paragraph 7.12 

7.2.4. Successful Completion of Acceptance Testing 
7.2.5. Training to NASA/contractor support designated personnel           
7.3. The tool shall complete acceptance testing at NASA-MSFC and the contractor shall complete training at NASA-MSFC within the period of performance specified in the contract. The tool shall be completely installed and fully operational prior to acceptance testing and training.
7.4. During contract performance the contractor shall at minimum hold a weekly teleconference with NASA to review technical and schedule issues.

7.5. The contractor shall provide access for NASA personnel to visit and/or monitor the manufacturing and testing of the tool at the contractor, or its subcontractor’s, facilities. There shall be a minimum of three on-site NASA visits.
7.6. All facilities interfaces shall be provided by NASA. These interfaces include electrical junction boxes, foundations, water and air lines, etc. The contractor shall provide detailed facilities interface drawings, including power requirements and foundation requirements, by Preliminary Design Review (reference paragraph 7.8). These drawings shall be subject to review and approval by NASA. The facilities interfaces shall be prepared by NASA and ready for tool installation 8 months (35 weeks) following receipt and acceptance of facilities interface drawings.
7.7. The existing floor in the installation area consists of a 10-inch thick concrete slab-on-grade with an allowable stationary live load of 1000 psf. The lay of the existing rebar in the floor is unknown. The tools design shall minimize new floor construction (e.g. pouring of new concrete) as much as possible.

7.8. A Preliminary Design Review (PDR) shall be required. This review shall be held at NASA-MSFC no later than the time specified in paragraph 7.2.1. At minimum, all items indicated in paragraph 7.9 shall be presented at PDR. The PDR package, including acceptable disposition of any Review Item Discrepancies (RID’s), shall be a contract deliverable.  

7.9. At minimum, the contractor shall present the following at PDR:

7.9.1. Detailed facilities interface drawings per paragraph 7.6.
7.9.2. Detailed turntable mounting system 
7.9.3. Provide a specification compliance matrix with detailed information on how the contractor intends to meet specification requirements.
7.9.4. Layout drawings of the system.
7.9.5. Control system and software architecture summary.

7.9.6. Preliminary Failure Modes and Effects Analysis (FMEA) 
7.9.7. Detailed project schedule.

7.9.8. Identification of long-lead components.

7.9.9. A list of major subcomponent suppliers and manufacturers.
7.10. A Critical Design Review (CDR) shall be required. CDR shall be held at the contractor’s facility, and the contractor shall, at minimum, present the items indicated in paragraph 7.11. CDR shall occur no later than the time specified in 7.2.2 following contract award. The CDR package, including acceptable disposition of any Review Item Discrepancies (RID’s), shall be a contract deliverable.  
7.11. At minimum, the contractor shall present the following at CDR:

7.11.1. All drawings, subcomponent bills of material, and specifications.

7.11.2. Preliminary versions of the tools calibration (reference paragraph 10.2.3) and acceptance testing procedures (reference paragraph 10.2.2).

7.11.3. Preliminary training, maintenance, and operator documentation shall be delivered.
7.11.4. Schedule status and status of long-lead components.

7.11.5. Issues associated with facilities and tooling integration shall be reviewed.
7.11.6. A detailed installation procedure shall be delivered.
7.11.7. Interface software 
7.12. The contractor shall be responsible for shipment to MSFC. Shipment of the Machining Center (per 6.0 Preferred Configuration) shall be considered a single contract deliverable.

7.13. The contractor shall install the system at MSFC.  Installation shall include mounting and hook-up of all tool systems to the facilities interfaces provided by NASA (see paragraph 7.7). Any specialized equipment or personnel required during installation shall be provided by the contractor. Cranes and rigging for lifts not requiring specialized equipment or training shall be provided by NASA. These lifts shall be coordinated with the contractor, and the contractor shall have responsibility for assuring the accuracy of component placement and alignment. Overhead crane capacity in the installation area consists of two-ton overhead cranes, each of which is outfitted with two 15-ton hooks. Maximum hook-height is 30’ feet. It is desirable that no single lift be greater than 20-tons. The assembly area is accessible via tractor-trailer. 
7.14. The contractor shall be responsible for complete assembly, alignment, calibration, and checkout of all tool systems. The contractor shall also supply any non-durable items (oil, coolant, etc.) required for system startup and acceptance testing. 
7.15. The Machining Center shall be designed to operate per the requirements set forth here under the following environmental conditions.  These conditions will apply during accuracy tests:
Temperature Range:
64.4 oF -77oF

Humidity Range:  up to 65% relative humidity

7.16. The tool shall be designed for a minimum useful life, assuming proper maintenance, of 35 years.

7.17. The MC shall be designed to execute a continuous cycle of not less than 24 hours in duration without interruption.
7.18. The control system should be capable of continuous operation for up to 6 months without requiring maintenance or re-booting.
7.19. All components shall be selected to minimize wear and maintenance over the extended life of the tool.     

7.20. The MC shall be designed to mitigate corrosion over the extended life of the tool. Materials shall be selected to assure corrosion resistance of all bearing surfaces. Lubrication and other periodic procedures required for corrosion mitigation shall be indicated in the maintenance manual (reference paragraph 10.2.5).   
7.21. Painted surfaces shall be finished per 4.1 and 21.3 of MIL-STD-171E and painted to conform to Federal Standard 595B Color 15180 (Gloss Blue). After final assembly of the MC all painted surfaces shall be inspected and touched-up as required.
7.22. “MSFC Machining Center” shall be painted in prominent letters on both sides the boom using Federal Standard 595B Color 17875 (Gloss White).
7.23. The contractor shall provide any special fittings or equipment required for lubrication, maintenance, or calibration
7.24.
The contractor shall provide training to NASA/contractor support designated personnel.  The contractor shall provide a warranty against defects in design, workmanship, and component parts for a period of one year following successful completion of acceptance testing. The contractor shall be responsible for all labor and replacement parts during the warranty period. Upon notification of a warranty issue the contractor shall respond within 24 hours, and if necessary be on-site with service personnel within 48 hours.

8.0  Safety Requirements

8.1. The MC shall be constructed to comply with safety standards of the Occupational Safety and Health Administration (OSHA), NASA-MSFC, and the State of Alabama.

8.2. Essential safety operating instructions shall identify safety and health hazards associated with the tool and procedures and practices for safe operation. These instructions shall be permanently affixed to the tool using engraved placards.

8.3. Placards shall be provided to warn operator or maintenance personnel of hazards.

8.4. Emergency stop devices shall be provided at multiple points on the system to provide for total removal of electrical power.

8.5. The contractor shall coordinate with NASA safety authorities on NASA – MSFC specific safety requirements. These requirements shall be addressed at PDR. The contractor shall provide Material Safety Data Sheets (MSDS) for all non-durable items supplied with the tool (oil, coolant, etc.). All Material Safety Data Sheets shall be the original provided by the manufacturer of the item (e.g. they must originate with the manufacturer of the chemical, and must bear that manufacturers seal).

8.6. Mill Head Accuracy and Repeatability:

8.6.1. The mill head shall conform to all spindle requirements detailed in National Aerospace Standard (NAS) 985 – Uniform Alignment Tests – NAS 900 Series Equipment Specifications. 
8.6.2. The mill head spindle shall be capable of continuously variable rotational speed of 500–24000 RPM with speed accuracy and repeatability of +/- 1% of command speed under machining loads.
9.0   Acceptance Testing

9.1. The MC shall meet or exceed all requirements set forth in this document as evidenced by acceptance testing. The acceptance testing procedure shall be provided by the contractor in accordance with the minimum acceptance testing requirements stated here. 
9.2. The contractor shall provide a preliminary acceptance testing procedure at CDR. The final acceptance testing procedure shall be delivered prior to final assembly of the tool at MSFC. This document shall be subject to acceptance by NASA.
9.3. Acceptance testing shall involve verification of the fully assembled and fully integrated MC. Subcomponent and subsystem testing and verification should be performed by the contractor and testing results supplied to NASA. However, subcomponent and subsystem verification shall not be accepted in lieu of full-up integrated system acceptance testing.

9.4. If the MC fails to meet the requirements set forth in this document during acceptance testing the contractor shall rework the tool. Final contract payment shall not be made until the tool has successfully completed acceptance testing.

9.5. Minimum acceptance testing requirements:
9.5.1. The contractor shall demonstrate that all emergency stops operate.

9.5.2. The contractor shall demonstrate that no pneumatic, coolant, hydraulic, or other liquids/gasses leak when the system is at full pressure.

9.5.3. The contractor shall demonstrate control system functionality. This includes verifying that all sensors, switches, etc. are operating nominally. The contractor shall demonstrate that all alarms are functioning. The contractor shall demonstrate that that both hardware and software limits are functioning. The contractor shall demonstrate controlled motion for all axes over the entire range of motion.

9.5.4. The contractor shall demonstrate functional operation of all software per Section 

9.5.5. The contractor shall demonstrate the CAM interface.

9.5.6. The contractor shall demonstrate that calibration (accuracy and repeatability) is within specified limits.

10.0  Documentation

10.1. The contractor shall provide all certification documents, calibration documents, warranty documents, manuals, etc. associated with the individual components used in manufacturing the MC.  
10.2. Documents:

10.2.1. The contractor shall provide NASA with 4 printed, and 4 electronic, copies of the documents described here. Manuals shall be delivered at least one week prior to customer training.
10.2.2. Acceptance Testing Procedure:  Reference Section Note: A preliminary version of this document is required by CDR, and the final document shall be submitted to NASA for approval prior to final assembly of the tool at MSFC.
10.2.3. Calibration Manual: This manual shall describe in detail all procedures necessary for periodic calibration of all tool axes. A preliminary version of this manual is required by CDR.
10.2.4. Operator’s Manual: This manual shall describe in detail all procedures necessary for safe operation of the tool in its entirety. The operator’s manual shall include a complete programming manual including step-by-step examples for programming complex curvature cutting operations
10.2.5. Maintenance Manual: This manual shall provide all information necessary for the maintenance of all components and subsystems. This manual shall provide a preventative maintenance plan and periodic inspection plan. It shall include a recommended spare parts list keyed to assembly drawings. The manual shall provide step-by-step instructions for assembly and disassembly of all repairable components and assemblies. 
10.3. 
Drawings:

10.3.1. NASA must maintain complete configuration control over this system. Thus, the drawings described here must be delivered with the tool. Drawings with bill of material shall be delivered prior to acceptance testing.
10.3.2. The contractor shall deliver 4 electronic copies of all CAD models and drawings for the tool. These drawings shall be in their native format, and also in Standard for the Exchange of Product Data format. 

10.3.3. The contractor shall deliver 4 printed copies of all structural, mechanical, electrical, and plumbing (pneumatic, hydraulic, and coolant) schematics. (Ref 8.12.1).

11.0 Data Deliverables 

The Contractor shall report and document this work and fulfill the requirements of associated Data Requirements Descriptions (DRDs) as outlined in Data Procurement Document (DPD) 1247 (Attachment J-2).  The contractor shall determine the data restriction that applies to each data deliverable and mark or transmit the data restriction in accordance with section 2.3.3 of the Data Procurement Document.

The contractor shall prepare and submit a Monthly Status Report in accordance with DRD 1247MA-001.

The contractor shall establish and implement an industrial safety, occupational health, and environmental program and provide a signed Safety, Health, and Environmental (SHE) Work Agreement in accordance with DRD 1247SA-001.   The signed SHE Work Agreement is incorporated into the contract as Attachment 3 as a compliance document.
The contractor shall report mishaps and safety statistics to the MSFC Industrial Safety Branch in accordance with DRD 1247SA-002. The contractor shall submit direct to the NASA Incident Reporting Information System (IRIS) or shall use the forms listed in section 15.4 of DRD 1247SA-002 or electronic equivalent to report mishaps and related information required to produce the safety metrics.
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