Statement of Work for the Fabrication of Forming Mandrels for Constellation-X’s Spectroscopic X-ray Telescopes (SXT)

1 Introduction     

Constellation-X is NASA's next major X-ray observatory, planned for a 2011-2012 launch. It consists of 4 identical satellites. Each satellite in turn includes, among others instruments, a spectroscopic X-ray telescope (SXT). The telescope mirror assembly is 1600 mm in diameter and has a focal length of 10000 mm (for more information on the Constellation-X mission, go to http://constellation.gsfc.nasa.gov). The mirror assembly consists of nested Wolter-I (i.e., parabola and hyperbola two-reflection) mirror segments (outer segments are 30°, inner ones are 60°), as shown in Figure 1. In order to reduce both mass and production cost, the mirror segments will be made of accurately figured thin (400 microns) glass substrates onto which a smooth metallic surface is replicated from an accurately figured and polished mandrel. The thin glass substrate is obtained by slumping a commercially available flat glass (Schott D263) sheet onto a forming mandrel at approximately 620 degrees Centigrade as shown in Figure 2. 

                               [image: image1.jpg].

.

\\\\\

v

/-

.

.







[image: image2.wmf]Fo

r

m

i

ng

M

and

re

l

Fo

r

m

i

ng

M

and

re

l

H

e

at


Figure 2 An illustration of the glass slumping process. The forming mandrel has to be able to endure the slumping heating cycle between room temperature and 750 degrees centigrade.

This document describes the requirements for the forming mandrels and seeks price quotations for fabricating prototypes of these forming mandrels. 

2 Mandrel Material

The material to be used for fabricating the forming mandrels must meet the following requirements:

1. It has to hold accurate figure (as specified in Section 4 below) between 0 and 750 degrees Centigrade in temperature. It does not undergo any phase transition in the same temperature range. It is not susceptible to corrosion, oxidation, or other conceivable degradation over the same temperature range and over repeated temperature cycling.

2. It has to be sufficiently isotropic and homogeneous so that the mandrel’s geometric figure does not distort over the same temperature range.

3. Its coefficient of thermal expansion (CTE) can be any value as long as it is known and reproducible in the said temperature range, although CTE close to that of the D263 glass (7.2(10-6 K-1) is highly desirable.

Our experience and investigation have indicated that fused silica, either optical or commercial grade, and Keatite (a temperature stable glassy ceramic made by heat treatment of Zerodur) are preferred materials. Another material may also be used, but it is up to the offeror to demonstrate its applicability.

3 Technical Specifications

The forming mandrels are approximations to the Wolter-I (parabola and hyperbola two-reflection, also referred to as the primary and secondary, respectively) optical shells. They should be separate primary and secondary segments. A sketch of a mandrel, either primary or a secondary, is shown in Figure 3.
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Figure 3 A sketch of a segmented forming mandrel. The top surface is the one that will be used as the convex mold for slumping. The coordinate system is set up for the convenience of specifying the top surface, Z being the optical axis.

3.1 Mathematical Description

Using the coordinate system as defined in Figure 3, the surface of interest of the mandrel can be described as follows, 
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 is the radial height of the mandrel at its middle point; 
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 is the sagittal depth (or sag).  The required mandrel length in the axial direction (i.e., z-direction) is 350mm, therefore 
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) are listed in Table 1. The required mandrel size in the azimuthal direction, i.e., in the X-Y plane, is 40(. 

3.2 Usable Surface Area Requirement

Each forming mandrel must have a usable surface area that meets the tolerance requirements as defined in Section 4 and that measures at least 40( in azimuth (i.e., in the X-Y plane as defined in Figure 3) and 350 mm in the optical axial direction (i.e., the Z direction as defined in Figure 3). It is up to the offeror to start with appropriately larger blanks in every direction to ensure the final mandrel meet the usable area requirement. 

3.3 Bottom Surface Requirement

To ensure ease of handling it is further required that mandrels’ bottom surface of each forming mandrel be mechanically flat. 

3.4 Mandrel Edges Rounding Requirement

To minimize chipping of the mandrel around edges, it is required that all edges be beveled appropriately.

3.5 Mandrel Thickness

Other aspects of the mandrel, such as its thickness should be determined by mechanical stability and material cost considerations. 

4 Tolerances

Mid-Point Radial Height (
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Cone Angle (
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) Error: ( 20 seconds of arc or 0.0056 degrees

Overall Tolerances: No point on the mandrel surface should deviate from the mathematically defined surface by more than 1 micron, after allowing for the mid-point radial height error and cone angle error defined above. 

Surface Finish (or Microroughness): better than 100 Angstroms (RMS) (spatial periods less than 0.5 mm)
Table 1  Specifications for 3 pairs (6 individuals)  of SXT forming mandrels for which binding price quotations and delivery schedules are sought. These dimensions need to be properly inflated to account for any CTE difference between the Schott D263 glass and the material to be used for making the forming mandrels so that the final glass substrates formed at 620 degrees Centigrade will have the dimensions at room temperature as specified in this table. The symbols listed in the table correspond to those in Section 3.1.
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	F1600P
	1606.975
	1.1385
	2.46E-2
	F1600S
	1579.016
	3.4356
	2.60E-2

	F1200P
	1205.236
	0.8547
	1.84E-2
	F1200S
	1184.250
	2.5791
	1.95E-2

	F1000P
	1004.365
	0.7125
	1.54E-2
	F1000S
	986.878
	2.1500
	1.63E-2


Figure 1  A Constellation-X  SXT model. The inner shells are segmented into 60-degree segments and the outer shells 30-degree ones.  The overall diameter is 1600 mm and the separation between inner and outer modules is at a diameter of ~800mm.
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