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1 Introduction

There are over one million drawings and engineering orders (EO’s) that define the four Space Shuttle Orbiters.  Most of the drawings are available in scanned electronic format.  However, many drawings were originally created manually, the CAD system used to create most of the remaining drawings is now obsolete, and there are some 20,000 original vendor drawings that exist only on paper or microfiche.  Consequently, configuration management of the orbiter fleet is challenging, and many orbiter drawings have a number of unincorporated EO’s written against them.

In order to improve configuration management and sustaining engineering of the orbiter fleet, NASA is studying the feasibility of converting its two-dimensional (2-D) orbiter drawings into three-dimensional (3-D) geometric solid models.  In support of this feasibility study, the work defined herein requires the contractor to convert a select portion of the orbiter drawings to create solid models that represent the “current state” of the parts, and rig those parts into larger assemblies.

2 Scope of Work

The work entails converting a select portion of Space Shuttle Orbiter 2-D parts drawings into 3‑D solid models; rigging the models into assemblies; and delivering the models, assemblies, and associated documentation to NASA.
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4 Description of Services

4.1 Performance Standards

4.1.1 Per Print

Models and assemblies shall be created per print.  Any subsequently resolved errors or discrepancies shall be noted in a log file.

4.1.2 Units

Models and assemblies shall be created using U.S. inches as the units.

4.1.3 Dimensions

Model features shall be defined using the mean value of a given dimension and midpoint of a specified tolerance band, unless otherwise specified on the drawing.

4.1.4 Coordinate System

Discrete parts shall be defined in aded nominal part-oriented coordinate system, unless otherwise specified on the drawing.  Assemblies shall maintain transformation matrices between the discrete parts nominal part-oriented coordinate systems and the Space Shuttle Orbiter coordinate system.  The vendor shall not rely on “mating faces” to assemble per print.  Instead, the vendor shall assemble the models according to print orientation and location.

4.1.5 Model Names

Models and assemblies shall be named according to the originating part number.

4.1.6 Model Layers

Models, assemblies, and their data will adhere to a layer numbering and naming convention which NASA will provide before contract award.

4.1.7 Model Data

Datum and reference construction geometry defined on a print shall be created and maintained within models and assemblies, on designated layers.  Not all construction geometry is required to be retained, only those necessary for reference or checking.

4.1.8 Model Formats

The models and assemblies shall be developed in either Unigraphics v18 or CATIA v5.  Other file types may be generated through the use of automatic translation programs.

4.1.9 Freeform Surfaces

All freeform surfaces shall be modeled as fourth-order non-uniform rational B-spline (NURB) surfaces, unless otherwise specified on the originating document.

4.1.10 Degenerate Surfaces

Degenerate surfaces shall be modeled exactly using appropriate lower-order surfaces; NURB representation is acceptable.

4.1.11 Conic Surfaces

All conic sections shall be modeled exactly, not approximated with higher-order splines or other approximating curves.  NURB forms (third-order) of conics are acceptable representations.

4.1.12 Super-Elliptical Sections

All super-elliptical sections shall be modeled exactly, not approximated with higher-order splines or other approximating curves.

4.1.13 Manifold Shapes

When constructing parts or portions of parts that lend themselves to current constructive solid geometric techniques for creating manifold shapes, the part shall be constructed using naturally-bounded primitives.

4.1.14 Loft Surfaces

Models requiring a feature or shape element derived from a loft surface shall be defined using an associative link or reference to the relevant loft surface(s).

4.1.15 Tagged Text

The tagged text files (non-geometric information) shall be in an XML format.  The contractor shall establish tags for each type of data.  The XML document(s) shall be well-formed and have a corresponding XML Schema file.  Additionally, the vendor may also provide an XML document type definition (DTD) file, to ensure the XML document is valid.

4.2 Performance Requirements Summary

There are two tasks to be performed.  For Task 1, the contractor shall create the assembly and the 3-D geometric solid models of Avionics Bays 1 & 2 for each vehicle.  For Task 2, the contractor shall create the assembly and the 3-D geometric solid models of Avionics Bay 3A for each vehicle.  The installation drawings for each of these tasks are listed below in Table 1.

Table 1, Installation Drawings by Vehicle and Task

	Vehicle
	Task 1 – Av Bay 1 & 2
	Task 2 – Av Bay 3A

	OV-102
	V070-334105-010
	V070-334347-019

	OV-103
	V070-338500-042
	V070-338542-032

	OV-104
	V070-338500-035
	V070-338542-026

	OV-105
	V070-338500-038
	V070-338542-028


For each task and for each vehicle, the contractor shall convert the 2-D drawings for all parts that compose the avionics bay into 3-D geometric solid models, and rig those parts models into a complete avionics bay assembly model.  Lists of parts that compose the avionics bays, together with their 2-D drawings, are found on the accompanying CD‑ROM.

The contractor shall price Task 1 and Task 2 separately, and may be awarded one or both of the tasks.

For each model, the contractor shall incorporate all outstanding EO’s.  The contractor is required to maintain a history of the EO modifications as part of the model structure, in a time-sequential manner.  The models shall be delivered with the current end state visible.  The current end state is defined as the base model, defined by the originating drawing, with all the EO modifications applied to the solid model.

For each model and assembly, the contractor shall capture all non-geometric data from the drawings and associated EO’s into a tagged text file.

For each model and assembly, the contractor shall provide a log file that contains the part number / identification, list of conversion issues and subsequent resolution, noted discrepancies, assumptions and subsequent decisions used on areas of uncertainty, internal QA check acknowledgement, list of originating drawing numbers (including EO’s), list of reference drawing numbers, time to create the model or assembly, time to create the log file, time for on-call support, and time to generate the tagged-text file.

For each model and assembly, the contractor shall generate a check drawing containing simple views with dimensions.  NASA will use the check drawings to assist in verifying the models and assemblies after delivery.  The check drawings are not required to have formal titles and notation, and the contractor is expected to create the check drawings using an automatic function or facility within the originating CAD system.

5 Contract Deliverables

For each model (and assembly), the contractor shall deliver the following:

1. A 3-D solid model (or assembly) in the following formats:

a. Dassault CATIA v4

b. Dassault CATIA v5

c. EDS Unigraphics v18

d. ISO STEP, AP203 (AP214, and others as appropriate)

2. Associated log file

3. Associated tagged text file

4. Check drawing

Additionally, the contractor shall provide a written estimate of the cost and time required to maintain a history of the EO modifications as part of the model structure versus not maintaining the history (i.e., modeling the part with EO modifications represented only in their cumulative final state).

The contractor shall deliver these items on an MS-Windows compatible CD-ROM.

6 Minimally Essential Reporting Requirements

Contractor shall provide a written status report to the COTR once a month starting one month after contract award.  The status report shall include a list of outstanding issues or concerns, a list of completed models and assemblies, an estimate of percent complete, and an estimated delivery date.

7 Appendices

None.

8 Special Terms and Conditions 

NASA will provide all drawings and associated EO’s on an MS-Windows compatible CD-ROM.  The drawings will be in TIFF format.  The CD-ROM will also include an application to view the drawings and a hierarchical parts tree that defines originating drawing and EO relationships for the subject parts and subassemblies.

NASA will provide on-call support to resolve conflicts and interpretation issues.  This function will be provided by the Space Shuttle Design Center at Boeing, Huntington Beach, CA.  NASA will provide a contact name and phone number at contract award.

Information contained in this document, the accompanying CD-ROM, and subsequent products produced as a result of execution of this statement of work are controlled by the International Traffic in Arms Regulations (ITAR), and may not be exported or disclosed to a foreign person, whether in the United States or abroad, without prior U.S. Government written approval.  Individuals coming in contact with the information generated by this work effort will be required to secure all data in accordance with these regulations.

