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Attention: J. Marymor

Manager, Contracts
Reference: Request for Proposal #228 -

Millimeter Wave Telescope Panels

NOTE BY JWF:
This memo is essentially 
all that is new in the ESSCO 
proposal. Appendix A is our 
#42 which you already have.

Gentlemen:
Electronic Space Systems Corporation (ESSCO) is pleased to 
respond to the referenced RFP to provide millimeter wave 
telescope panels to resurface the 12 meter radio telescope 
at Kitt Peak. Our of.fer consists of the Technical Proposal, 
Pricing Proposal, the completed certifications, and this 
letter. ESSCO has been producing millimeter wave radio 
telescopes for over ten years, and has the expertise, tooling, 
and measuring equipment necessary for construction of the 
surface panels to the required accuracy.
We are in general agreement with the contract terms and 
conditions contained in Schedule B of RFP #228, except 
as follows:

1. Article 2. Inspection. Notwithstanding the 
inspection clause, ESSCO's offer is based on 
our standard warranty, which covers defects 
in material and workmanship, freight paid
by Purchaser, within a reasonable period after 
discovery, and in any event within a period 
of one year from date of acceptance at ESSCO's 
factory.

2. Article 3. Drawings, Designs, Specifications.
The design, design data, specifications, and 
-manufacturing processes for ESSCO telescope 
panels were developed entirely at private ex
pense, and remain the sole property of ESSCO.
Any data provided in conjunction with this con
tract will be delivered with Limited Rights.
This article should be amended to reflect these 
points.
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3. Article 15. Disclosure of Inventions. See 
discussion above. This article should be 
deleted.

ESSCO is aware of the 4 month delivery requested, and could 
accommodate this time scale. However, due to the nature of 
the work involved, we feel that delivery of approximately 
5 months is more appropriate, in order to produce the best 
possible panels. While we are confident of producing panels 
with a .05mm rms, recent developments indicate that we may 
be able to achieve close to .025mm rms panels for this 
program. The additional time will assist us in pursuing 
this goal.
We would of course be happy to discuss any aspect of this 
proposal in detail at your convenience. We look forward 
to working with NRAO on this program.
Very truly yours,
ELECTRONIC SPACE SYSTEMS CORPORATION

Susan M. Cuevas 
Sales Manager
SMC/msf
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LABOR HOURS
Engineering Drafting Production

Production Panels 288 - 792
Panels - .
Surface Sheet - -
Support Grillage - -
Panel Assembly & Hardware - - -

Targets - -

Prototype Panel Construction
Mold Contour Analysis
Modification to the Holding 
Fixture Routing Template,
Mold, & Slitting Template for 
the Outer Panel
Documentation of Outer Panel
Documentation of Outer Panel 
Tool Mods
Software for Processing 
Measurement & Final Report
Modifying 8 Outer Panels to 
Provide Cut-Out for Spar 
Attachments
Panel Crate Design - 2 Types
Panel Crates (3) & Packing/ 
Loading
Program Management

72 - 198
299 - 456
80 “ 80

8 56 -
8 56 -

40

40 - 40

20 40
144

400

Total 1,255 152 1,71Q

Totals:
Engineering 1,255 hrs. @ $17.00 $21,335
Drafting 152 hrs. @ $10.,50 1,596

$22,931
Production 1,710 hrs. @ $ 8.25 $14,108

Mat' 1
Costs

$ 2,749 
2,801 
11,761 

153 
792

18,25G
4,572
1,000
1,000

5,400

$ 30,228

U»e or disclosure of proposal data ia aubject to the restriction on the title Date of this nrannul
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Technical Proposal 
for

Millimeter Wave 
Telescope Panels

Submitted To:
National Radio Astronomy Observatory 

Edgemont Road 
Charlottesville, Virginia 22901

In Response To:
Request For Proposal No. 228

Submitted By:
Electronic Space Systems Corporation 

Old Powder Mill Road 
Concord, Massachusetts 01742

IV  or tii»clomire of proposal data in x.bject to the restriction on tin- title pa«e of thit proposal
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THE FOLLOWING APPLIES TO THIS ENTIRE DOCUMENT

This data furnished in this document shall not be disclosed 
outside the customer’s organization, or be duplicated, used 
or disclosed in whole or in part for any purpose other than 
to evaluate, the proposal? PROVIDED, that if a contract is 
awarded to this offeror as a result of or in connection with 
the submission of such data, the customer shall have the 
right to duplicate, use or disclose this data to the extent 
provided in the contract. This restriction does not limit 
the right to use information contained in such data if it is 
obtained from another source.

Electronic Space Systems Corporation 
Old Powder Mill Road 

Concord, Massachusetts 01742
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INTRODUCTION

This Technical Proposal responds to the National Radio 
Astronomy Observatory's "Specification for 12-Meter Tele
scope Surface Panels", June 10, 1981, included as Schedule 
C in RFQ No. 228. The Proposal will cover the following 
topics, as required by the above specification:

1.0 General Description of Surface Panels
2.0 Detailed Surface Panel Description
3.0 Coordinate Measuring Machine (CMM) Description
4.0 Method of Mounting and Measuring Panels on CMM
5.0 Data Presentation
6.0 Surface Accuracy

Use or disclosure of proposal data in lub ject to the rcstricti >n on tl.e title of this proposal



General Description of Surface Panels
The surface panel complement for the 12-meter 

reflector consists of 24 inner and 48 outer panels.
The inner panels outline a central hole in the 

reflector surface, which is a 24-sided regular polygon into 
which can be inscribed a 47.21 inch (1.199 meter) diameter 
circle. The inner panels are spaced evenly around the dish 
on 15 degree centers.

The 48 outer panels are spaced evenly around the 
dish on 7.5 degree centers, and define a regular 48-sided 
polygon at the perimeter of the dish. This polygon can be 
inscribed by a 472.4 inch (12.0 meter) circle.

The inner panels are supported at eight points and 
the outer panels at six points as described in ESSCO Document 
D81-15. (See Appendix A.) The nominal gaps between properly 
set panels are .10 inch (2.54 mm). The panels weigh approx
imately 1.75 lb/sq.ft. (8.56 kg/m2), so that each inner panel 
weighs approximately 3 9 lbs. (17.7 kg), and each outer panel 
weighs approximately 30 lbs. (13.6 kg).

Uk  or dUeloeure of propoaiu d&M i« subject to the restriction on the title pane of th»* proponal
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2.0 Detailed Surface Panel Description
Each surface panel is a .04 0 inch (1 mm) thick 

aluminum surface sheet that is supported by a structural 
grillage as shown in Figure 1. The grillage members con
sist of two longitudinal ribs (radial to the reflector 
surface) made from formed aluminum channels to which an 
aluminum strap is bonded as shown in Figure 2, and a series 
of transverse ribs that are made from the same aluminum 
channel. The grillage members are bonded to the surface 
sheet and to one another on a mold while being held in place 
with a holding fixture that maintains the spatial relation
ship of the structure during the curing cycle. After bond 
cure, the transverse ribs are rivetted to the longitudinal 
ribs while the panel is on the mold.

ESSCO Drawing D793-317 "Inner Panel Assembly, 45' 
Diameter Reflector", is included as Appendix B for reference.

The surface skin, radial strap, and formed channels 
(see Figure 2) are made from 5052-H32 aluminum, and the 
rivets have a 5056 aluminum body with a coated steel mandrel. 
Bonding is performed using Hysol EA 9410 epoxy. Properties 
of the above material are included in Appendix C.

Um* or d i* ire o( propcmal data is *ubj»*ct to the restriction on the title pane of this proposal
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3.0 Coordinate Measuring Machine (CMM) Description
Control of tooling fabrication and surface panel 

measurement at ESSCO is obtained through use of a 3-axis 
coordinate measuring machine (CMM), shown in Figure 3. The 
CMM has a measurement capability of 180 inches in X, 70 inches 
in Y and 24 inches in Z. All axes of the CMM are equipped 
with Farrand linear inductosyn position transducers to obtain 
position readout and visual display with a resolution of .0001 
inches (2.54 ym) . ESSCO has recently measured and aligned the 
CMM using a laser interferometer and jig transit to determine 
that position accuracies of + .00025 inches (6.35 ym) in Z,
+ .,0003 inches (7.62 ym) in Y, and + .000875 (22.23 yin) in X 
are obtained over full travel. Readout repeatability was also 
measured and found to be better than + .0001 inches (2.54 ym).

The CMM is made up of a large granite slab supporting 
a bridge which travels over the length of the slab in the X 
direction. The bridge is supported on the slab with air bear
ings to assure low friction and excellent repeatability.

The slab is 17 feet (5.2 meters) long by 7.2 feet (2.2 
meters) wide by 2.2 feet (.67 meter) deep, and is supported on 
its own concrete footings.

The bridge is a granite beam 3 inches (7.6 cm) wide by 
11 inches (27.9 cm) deep, and travels in the X direction approx
imately one meter above the slab. The beam is supported by 
steel legs extending down to the slab. The beam supports a 
steel housing which travels in the Y direction on air bearings.

The housing contains a pair of linear ball bearings 
supporting a shaft which travels in the Z (vertical) direction.

At the bottom of the shaft is a precision guage block 
which is used by the machine operator to set the probe.

All three axes are driven by DC stepper motors with 
rotating lead screws and travelling units attached to the driven 
components.

The machine operator uses forward/reverse switches and 
speed control knobs at the control console to position the 
probe to the desired point in X, Y, and Z.

U»e nr duclo*ur« of proposal dfct* is subject to the restriction on the title p**e of this propositi
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4.0 Method of Mounting and Measuring Panels on CMM
The bracketry and fasteners supporting the panel on 

the standard ESSCO backstructure are shown in Figure 1. For 
panel measurement, the aluminum "panel mounting bracket" is 
replaced by an aluminum angle, which is mounted on the bed of 
the coordinate measuring machine (CMM), as shoyn in Figure 4.
All other hardware remains the same.

Extending through the slot in the top of the bracket 
is a steel 1/2-20 UNF hollow threaded rod, supported by a pair 
of spherical washer sets and nuts. The slots in the bracket 
allow for radial and circumferential panel adjustment on the 
backstructure, while the threaded rod/spherical washer/nut 
arrangement permits panel adjustment normal to the reflecting 
surface, as well as correction of angular misalignment between 
the top of the bracket and the backside of the panel. This 
angular correction minimizes any tendency for the panel support
ing hardware to deform the panel, and thus degrade the panel 
surface accuracy. Any small deformations which do occur are 
included in the panel accuracy measurements on the CMM.

Finally, the panel is fastened to the top of the 
threaded rod by a 1/4-20 UNC bolt which extends through the 
full length of the threaded rod, and is held in place with a 
washer and locking nut, as shown in Figure 1.

For surface accuracy measurements, the panel is 
supported on the bed of the CMM as shown in Figure 3, 
using the hardware described above. The inboard tooling 
holes (hole A of the inner panel and hole C of the outer 
panel shown in Document D81-15 in Appendix A) are set to 
the proper X and '/ coordinate, and the outer tooling holes 
(BO and D) to the proper Y coordinate only, all to a toler
ance of + 25 jjm. Then the target holes (1 through 4 on the 
inner panel and 5 through 7 on the outer panel) are adjusted 
to within 25 pm of their proper height using the adjustment 
screws positioned directly below each target hole. The 
tooling hole positions are‘checked and adjustments are made 
as required until all hole positions are within tolerance.

L V  or dnclo«urf "I proposal <J*t* i» «ubiect to the restriction on the title p»*o of thi» propo«»l



:r  SCO

The panel surface position is calculated by an on
line computer (using the "PDAS" program in Document D81-15) 
which directly reads the X2 and Y coordinates of the CMM 
probe tip, calculates the theoretical Z2 panel position, 
compares it to the measured Z2 position of the probe tip and 
informs the operator as to the difference. Thus, the opera
tor can find the panel surface error at any point on the 
surface.

Once the panel is properly set up on the CMM, 72 
data points are read on the inner panel, and 51 on the outer 
panel. These points are pre-selected such that each point 
represents an equivalent surface area of the panel.

U*e or dwelooure of proposal d a U  i* «ubj«ct to the restriction on the title p»*e of th i* proposal
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5.0 Data Presentation
The individual panel surface readings will be 

included with the delivery of the panels, along with indi
vidual panel and aggregate rms accuracy results. The cal
culations will be performed as described in Section 4.0 of 
Document D81-15.

A typical panel data sheet for a panel identical to 
the inner 12-meter panels is included as Figure 4.

Uae or disclosure of proposal da ta  is subject to the restriction jn the title pa«e of this proposal
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6. 0 Surface Accuracy
Data taken on panels manufactured recently using 

the same tooling, personnel, and material as those for the 
12-meter panels indicate that an aggregate rms surface 
accuracy considerably better than 50 ym (2.0 mils) can be 
expected.

cr ' ’ '- 'ire of propooal U#.u. is subject to the restriction on the title p»«e of this proponal





FIGURE 2
TYPICAL LONGITUDINAL GRILLAGE MEMBER
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INNER PANEL NO 9007

Y <INCHES)
X -17.5 -14 -10 -5 -2.5 0 2.5 5 10 14

(IN. >
5 0.0 -1.5 -1.1 1.3 1.5 0.7 0.0 -0.

15 0.3 -2.4 -1.1 -0.7 0.0 -0.5 -0.2 -1.
25 -2.0 -1.6 -1.0 -1.9 -0.7 -0.1 -1.
35 -1.8 -1.6 -0.7 1.5 0.9 0.6 -0.
45 -1.6 -0.4 1.6 2.8 1.5 -1.9 0.
55 -0.7 -0.6 -Oi 4 0.8 1.2
65 0.1 1.9 3.6 2.0 1.3
75 1.9 0.8 4.1 3.0 3.3
85 -0.5 1.9 0.8
95 1.3 0.6 -0.9
105 1.5 3.2 -0.7
115 3.5 0.0 0.0
125 1.0 1.5 0.9
134 1.0 -6.8 -0.7

A / ~  7 1
f:hS =•* 1.67<hILS) AVE DEV = 0.20(MILS)

TYPICAL INNER PANEL DATA SHEET 
Figure 4
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