[image: image3.wmf][image: image3.wmf]


25 Jul 04 

	Prepared by:

ASRC Scientist Lead
	

	Concurrence:

NASA Lead Engineer

	NASA Engineering

	Approved by:

NASA Project Manager
	Intercenter Photo Working Group Chairman

	NASA, Spaceport Engineering and Technology Group
	


TABLE OF CONTENTS

Section
Title

Sheet

1
SCOPE

  8
2
DOCUMENTS

  8

2.1
Applicable Documents

  8

2.2
Reference Documents

  9

3
REQUIREMENTS 

10

3.1
Optical Requirements

10

3.1.1
Focal Length

10

3.1.2
Transmission (T) Number

10

3.1.3
Wavefront

10

3.1.3.1
RMS Wavefront Deformation
10

3.1.3.2
Peak to Valley Wavefront Distortion
10

3.1.3.3
Nonrotationally-symmetrical Aberration
10

3.1.4
Resolution

10

3.1.5
Veiling Glare

11

3.1.6
Image Format

11

3.1.6.1
Corrected Field of View

11

3.1.6.2
Clear Field of View

11

3.1.6.3
Image Size

11

3.1.7
Focal Plane Position

11

3.1.8 
Spectral Transmission 







11

3.1.9
Curvilinear Distortion

12

3.1.9.1
Center Wavelength Distortion
12

3.1.9.2
Band Limit Wavelengths Distortion 
12

3.2
Thermal Stability

12

3.3
Focusing Subsystem

12

3.3.1   
General Requirements

12

3.3.1.1  
Continuously Variable Focus 
12

3.3.1.2   
Control Modes

12

3.3.1.3  
Optical Resolution 

12

3.3.1.4
Optical Axis Shift 

12

3.3.2
Focus Range

13

3.3.3
Focus Rate

13

TABLE OF CONTENTS (cont)

Section
Title

Sheet

3.3.3.1
Digital Control Response Time
13

3.3.3.2
Manual Control Response Time
13

3.3.4
Focus Position Transducer

13

3.3.4.1
General Requirements

13

3.3.4.2
Linearity 

13

3.3.4.3
Potentiometer  

13

3.3.5
Manual Focus

13

3.3.5.1
Location and Accessibility 

13

3.3.5.2
Control Type 

14

3.3.5.3
Motor Drive Operation 

14

3.3.5.4
Control-transducer Coupling 
14

3.3.5.5
Mechanism Conflicts/Errors
14

3.3.6
Control Electronics

14

3.3.6.1
Packaging

14

3.3.6.1.1
External Module(s)

14

3.3.6.1.2 
Design and Component Selection
14

3.3.6.2
Operator Indicators

14

3.3.6.3
I / O Interface

14

3.3.6.3.1
Range Digital Resolution

15

3.3.6.3.2
Range Input Format

15

3.3.6.3.3
Status Reporting

15

3.3.6.3.4
Transducer Digital Resolution 
15

3.3.7
Power

15

3.3.8
Connectors

15

3.3.8.1
Connector Types

15

3.3.8.2
Connector Caps

15

3.3.9
Software

15

3.3.9.1
Internal System Software

15

3.3.9.2
External Auxiliary Software

16

3.4
Coatings

16

3.4.1
Optical Surfaces Coatings

16

3.4.2
Lens Housing Coatings

16

3.4.2.1
Metallic Housing
17

TABLE OF CONTENTS (cont)

Section
Title

Sheet

3.4.2.2
Non-metallic Housing
17

3.4.2.3
Internal Structure

17

3.4.3
Top Coating

17

3.5
Environmental Protection

17

3.5.1
Seals

17

3.5.2
Desiccant System

17

3.5.3
Lens Covers

17

3.5.4
Outgassing/Offgassing

17

3.5.4.1
Material Selection

17

3.5.4.2
Material Reporting

18

3.6
Physical Characteristics

18

3.6.1
Length

18

3.6.2
Weight

18

3.6.3
Outer Diameter

18

3.6.4
Protuberances

18

3.6.5
Mounting Adapter

18

3.6.5.1
Bottom Mounting

18

3.6.5.2
Alignment

18

3.6.5.3
Manual Handling

19

3.6.6
Camera Adapter Interface

19

3.7
Environment

19

3.7.1
Operational

19

3.7.1.1
Temperature

19

3.7.1.2
Altitude

19

3.7.1.3
Relative Humidity

19

3.7.1.4
Winds

19

3.7.1.5
Solar Radiation 

19

3.7.1.6
Motion/Vibration Blurring

19

3.7.2
Storage and Transport

20

3.7.2.1
Ambient Air Temperature

20

3.7.2.2
Air Transport Environment

20

3.7.2.3
Relative Humidity

20

TABLE OF CONTENTS (cont)

Section
Title

Sheet

3.7.2.4
Shock / Vibration

20

3.8
Reliability

20

3.8.1
Useful Life

20

3.8.2
Goals

20

3.9
Maintainability

20

3.9.1
Ease of Maintenance

20

3.9.2
Custom Tools

21

3.10
Workmanship

21

3.10.1
Practices

21

3.10.2
Appearance

21

3.11
Marking

21

3.11.1
Part Numbers

21

3.11.2
Transmission Number

21

3.11.3
Focal Length

21

3.12
Technical Data

21

3.12.1
Delivered Documentation

21

3.12.2
Preliminary Documentation
22

3.13
Design Reviews / Technical Interchange Meetings (TIMs)
22

3.14
Acceptance Testing

22

4
QUALITY ASSURANCE PROVISIONS
22

4.1
General

22

4.1.1
Quality Control System

22

4.1.2
Quality Manual

23

4.1.3
Supplier Credentials

23

4.1.4
Deviations and Waivers

23

4.2
Quality Conformance Criteria
23

4.2.1
Verification

23

4.2.1.1
Inspection

23

4.2.1.2
Analysis

24

4.2.1.3
Demonstration

24

4.2.1.4
Test

24

TABLE OF CONTENTS (cont)

5
PACKAGING REQUIREMENTS
24

5.1
Containers

24

6
NOTES

24

Tables 

Table 1
Minimum Photographic Resolution in Lines per millimeter
11

Figures

Figure 1
Instrument Mounting Platform
26

Figure 2
Lens Rear Plate Drill Plan to Accommodate Camera Mounting Adapter
27

Appendices

Appendix A
Compliance Matrix

28

Appendix B 
Acronyms

31 

1
SCOPE

This specification sets forth the minimum requirements for the design fabrication, testing and performance for a 150 inch focal length telescopic lens system, consisting of an optical tube assembly with associated focusing subsystem and mounting adapter, used for the imagery tracking systems.  This specification follows the format and content guidance provided in Document 455-88 Telescope and Lens Acquisition Check list prepared by the Range Commanders Council, Optical Systems Group. The lens system is designed to be mounted on the arm of a mobile, servo-driven tracking platform and provide high-quality imagery to a variety of imagery devices (e.g., 35mm motion picture film camera, SDTV, or HDTV).  It should provide proper T-number exposure conditions to correctly expose Kodak 500T and 250D motion picture films in typical daylight illumination at frame speeds up to 100 frames/second.   The quantity of lenses will be as stated in the statement of work provided in the procurement package.  The lens system will include a focusing subsystem to maintain focused image sharpness as the distance to the tracked target varies to a maximum of at least 80 statute miles.   KSC will be responsible for incorporation of this lens system with a corresponding imagery device and installation of the combined assembly on an instrument mounting platform as shown in Figure 1. 

2
APPLICABLE DOCUMENTS

2.1
Applicable Documents

The following documents form a part of this document to the extent specified herein.  When this document is used for procurement, including solicitations, or is added to an existing contract, the specific revision levels, amendments, and approval dates of said documents shall be specified in an attachment to the Solicitation/Statement of Work/Contract.  

Where MIL Standards and/or Specifications have been cancelled and equivalent Industry Standards and/or Specifications have replaced them, the replacement documents may be used.

Document 457-93 
Test Methods for Acceptance Testing of Telescopes, Range Commanders Council, Optical Systems Group

ISO 9001:2000
Quality Management Systems - Requirements

MIL-DTL-5015
Connectors, Electrical, Circular Threaded, AN Type, General Specification for
MIL-DTL-38999
Connectors, Electrical, Circular, Miniature, High Density, Quick Disconnect (Bayonet, Threaded, and Breech Coupling), Environment Resistant, Removable Crimp and Hermetic Solder Contacts, General Specification for
MIL-C-48497A
Coatings, Single or Multilayer, Interference: Durability Requirements for

MIL-PRF-13830B
Optical Components for Fire Control Instruments; General Specification Governing the Manufacture, Assembly, and Inspection of
MIL-M-13508C
Mirrors, Front Surface Aluminized for Optical Elements

Federal Standard 595B 
Colors

MIL-STD-150A 
Military Standard Photographic Lenses

NASA-STD-5008A
Protective Coatings of Carbon Steel, Stainless Steel and Aluminum on Launch Structures, Facilities and Ground Support Equipment

(manual, no number)
35MM-4ML Camera System Operations and Service Instructions With Illustrated Parts Breakdown, NASA Contract 


#NAS10-12092, Photo-Sonics Inc., 1994

KSC-STD-E-0015B
Marking of Ground Support Equipment, Standard for

H-1-5218t
Kodak Vision2 500T color negative film 5218/7218 motion picture film technical data 

H-1-5246t
Kodak Vision 250D color negative film 5246 / 7246 motion picture film technical data

2.2 Reference Documents

Document 455-88 
Telescope and Lens Acquisition Checklist, Range Commanders Council, Optical Systems Group

3
REQUIREMENTS 

3.1
Optical Requirements

The 150 inch lens system shall have the optical performance specified in the paragraphs below at all possible physical orientations with respect to gravity (vertical). 

3.1.1
Focal Length

The equivalent focal length shall be 150 inches, +/- 1% for the 150 inch lens system.  
3.1.2
Transmission T Number

The transmission (T) number shall be T 16 or numerically less for the 150 inch lens system.  

3.1.3
Wavefront


The Lens system shall bring a plane incident wavefront to a focus in such a way that across a 30 mm field, the emergent wavefront in the exit pupil shall conform to the best fitting sphere with the following tolerances:

3.1.3.1
RMS Wavefront Deformation


The root mean square (RMS) wavefront deformation shall not exceed one-eighth wavelength of light of the HeNe 6328 angstrom line for on-axis only; and one-fifth of a wavelength RMS at 15 mm off-axis.

3.1.3.2
Peak to Valley Wavefront Distortion


The peak to valley (P-V) wavefront distortion of light of the HeNe 6328 angstrom line over at least 90 percent of the area of the clear aperture shall not exceed one-half wavelength on axis only; and one wavelength P-V at 15 mm off axis.

3.1.3.3
Nonrotationally-symmetrical Aberration


On the optical axis, the nonrotationally-symmetrical aberrations shall not exceed one-third wavelength P-V of light of the HeNe 6328 angstrom line. 
3.1.4
Resolution 


The lens system shall have the minimum resolution specified in Table 1 as determined photographically at the film plane, both radially and tangentially, in accordance with the procedure in MIL-STD-150A, par. 5.1.2.12.1.1 Method 11 with the following exceptions/deviations: 1) photo recordings shall be done on both Kodak 250D and 500T films with appropriate developing, 2) exposure times shall be commensurate with 100 frame/second film rate, 3)  resolutions shall be measured on-axis as well as off-axis within the 30 mm field of view, 4) the specified high-contrast resolution shall be obtained using a 100:1 contrast, 1951 USAF resolution target, and 5) the target shall be illuminated by a tungsten source having a color temperature between 2800–3200 degrees Kelvin (K) or equivalent flash lamp source.


High Contrast Target


Lens System
Resolution on Axis
Resolution 15mm Off Axis

150–inch FL
        40
       35

Table 1 - Minimum Photographic Resolution in Lines per Millimeter

3.1.5
Veiling Glare


Veiling glare shall be no greater than 5 percent measured as set forth in subparagraph 5.1.2.19 of MIL-STD-150A.

3.1.6
Image Format

3.1.6.1
Corrected Field of View


The lens system shall furnish a corrected field of view of 30 mm –0/+3 mm diameter at 
the image plane. 

3.1.6.2
Clear Field of View


The clear field of view shall be 30 mm –0/+5 mm in diameter.  

3.1.6.3
Image Size


The image size shall be compatible with 35mm motion picture film frame, specifically 
25mm horizontal × 19mm vertical.
3.1.7
Focal Plane Position


The distance between the back surface of the lens system and the focal plane (flange to focal plane distance) shall be fixed between 5 to 7 inches for the 150 inch lens system.

3.1.8 
Spectral Transmission 

The lens system spectral transmission shall have no 'peak-to-valley' variation greater than 10% of the average transmission throughout the visible (450-700 nm) region to ensure good color fidelity at the image plane.    It is highly desirable that the lens system design and its components do not preclude potential future use in the near-IR out to 1.2µm wavelength.

3.1.9
Curvilinear Distortion
3.1.9.1
Center Wavelength Distortion


The image produced by the lens system shall have a curvilinear distortion no greater than 1% of true image size throughout the entire recorded image from infinity to minimum focus distance at a wavelength of 550nm.

3.1.9.2
Band Limit Wavelengths Distortion


The images produced by the lens system at the wavelengths of 450 and 700nm shall have a curvilinear distortion no greater than +/- 10% from the equivalent image point at the 550nm wavelength.
3.2
THERMAL STABILITY


The lens system shall be capable of maintaining a sharp focal plane image on the sensor (i.e., 35mm, SDTV, HDTV) meeting the resolution requirement of 3.1.4, throughout the focus range specified in 3.3.2, when subjected to temperature changes within the limits specified in 3.7.1.1.  


Note: The focusing subsystem defined in 3.3 may feature a temperature compensation function for meeting this requirement.

3.3 FOCUSING SUBSYSTEM 
3.3.1   
General Requirements

3.3.1.1  
Continuously Variable Focus


The lens system shall incorporate a continuously variable internal focusing subsystem.

3.3.1.2   
Control Modes


This focusing subsystem shall be capable of operating by manual operator control, and by external digital control under its own mechanical drive power.


3.3.1.3  
Optical Resolution


The optical resolution of 3.1.4 shall be maintained throughout the focusing range specified in 3.3.2. 

3.3.1.4
Optical Axis Shift 


Optical axis shift shall not exceed 1percent (%) of the field of view at the image plane throughout the focusing range specified in 3.3.2

3.3.2
Focus Range


The focus range shall be from 2 statute miles or less, to infinity.

3.3.3 Focus Rate

3.3.3.1
Digital Control Response Time


In digital control mode, the time required for a change in the focus from the near range to infinity shall not exceed ten seconds. 

3.3.3.2
Manual Control Response Time


In the manual mode, the time required for a change in the focus from the near range to infinity shall not exceed 1 minute.  

3.3.4
Focus Position Transducer

3.3.4.1
General Requirements


A linear position transducer shall be incorporated into the focusing system for determining the focus setting.

3.3.4.2
Linearity 


The transducer linearity shall be accurate to +/- 0.025 percent.  

3.3.4.3
Potentiometer  


If a potentiometer is used for transducer, it shall be a cermet type and have a power rating of at least 1 watt.

3.3.5
Manual Focus 

3.3.5.1
Location and Accessibility


The lens system shall be provided with a continuously variable manual focus control which shall be located accessible as required for all hands-on operator functions (ie. check out, calibration, etc.) including simultaneous manual focus adjustment and visual observation of the focal plane. 

3.3.5.2
Control Type


Manual focus control shall be by means of a knurled knob connected by mechanical linkage to the focus adjustment assembly.

3.3.5.3
Motor Drive Operation


Internal motor drive to the focus adjustment assembly shall not be required for the manual focus control.

3.3.5.4
Control-transducer Coupling


The focus position transducer defined in 3.3.4 shall remain operational during manual focus operation.

3.3.5.5
Mechanism Conflicts/Errors


Operation of the manual focus control shall not cause adverse mechanism conflicts with the internal motor drive, nor inaccuracies nor hysteresis in the focus position transducer feedback signal.

3.3.6
Control Electronics

3.3.6.1
Packaging

3.3.6.1.1
External Module(s)


To the maximum extent possible, all control electronics components shall be packaged in module(s) external to the lens system optics to facilitate troubleshooting and replacement.

3.3.6.1.2 
Design and Component Selection


The control electronics shall be designed and its components selected consistent with 
best industry practices for use in the environments defined in 3.7.

3.3.6.2
Operator Indicators


The lens system shall incorporate external indicators to the operator for power, operational status and focus position of the transducer.

3.3.6.3
I / O Interface


The control electronics shall accept range (distance) data input for focus setting through a RS-232 or RS-422 serial port capable of 19.2 KBd transfer rates.

3.3.6.3.1
Range Digital Resolution


The control electronics shall be capable of accepting range inputs of at least 12-bit in resolution.

3.3.6.3.2
Range Input Format



The data format and signal interchange required for range (distance) input to the control electronics through its digital serial port shall be fully detailed in the software documentation as specified under 3.3.9
3.3.6.3.3
Status Reporting



Functional equivalents of the external indications shown to the operator defined in 3.3.6.2 shall also be available through the digital serial port.

3.3.6.3.4
Transducer Digital Resolution 


The digitized feedback signal from the focus position transducer shall be at least 12-bit in resolution.

3.3.7
Power


The focusing subsystem shall utilize standard 115 +/- 10% VAC 60Hz for power source.

3.3.8
Connectors

3.3.8.1
Connector Types


Electrical connections for the focusing subsystem shall be made by means of weather
proof connector(s), type MIL-DTL-5015 or MIL-DTL-38999, conveniently mounted on the 
exterior surface.

3.3.8.2
Connector Caps


Protective caps for each connector shall be tethered by chain near each connector to 
prevent loss.

3.3.9 Software 

3.3.9.1
Internal System Software


Descriptive documentation for all software used in the focusing subsystem shall be provided, including a user manual describing the specific, detailed steps required to establish communications and operate the focusing subsystem.  

3.3.9.2
External Auxiliary Software


Descriptive documentation and electronic copies shall also be provided for any external auxiliary software used to test and operate the focusing subsystem. 

3.4
COATINGS

3.4.1
Optical Surfaces Coatings


Optical surfaces coatings shall comply with the following:

a. Wherein protected metal coatings are utilized on any optical surface, the coating shall conform to MIL-PRF-13830B Appendix B Mirror, Front Surface Aluminized, for Optical Elements, Paragraphs B.3 Requirements and B.4 Verification, with the exception that compliance with the salt spray requirement of Paragraph B.3.10 (humidity and salt spray) shall not be required for optical components not exposed to environment external to lens system.   

b. Wherein magnesium fluoride anti-reflection coatings are utilized on any optical surface, the coating shall conform to MIL-PRF-13830B, Appendix C Coating of Glass Optical Elements (Anti-reflection), Paragraphs C.3 Requirements and C.4 Verification, with the exception that compliance with Paragraphs C.3.8.3 (salt spray fog) and C.3.8.4.1 (severe abrasion) shall not be required for optical components not exposed to environment external to lens system.  

c. All other types of coatings on optical surfaces shall conform to MIL-C-48497A, Coatings, Single or Multilayer Interface, paragraphs 3 Requirements and paragraph 4, Quality Assurance Provisions, with the exception that compliance with Paragraph 3.4.3.1 (severe abrasion) shall not be required for optical components not exposed to environment external to lens system.  

d. Witness pieces or test samples, concurrently made with and highly representative of final finished items affected by a) through c) herein shall be used for any required testing which may compromise the quality of delivered final finished items.
3.4.2
Lens Housing Coatings

3.4.2.1 Metallic Housing

If metallic, the exterior of the lens system housing shall be pretreated and coated with materials for protective coating as specified in NASA-STD-5008A, Protective Coatings of Carbon Steel, Stainless Steel and Aluminum on Launch Structures, Facilities and Ground Support Equipment, according to the material used for the housing.  

3.4.2.2 Non-metallic Housing

If the housing is non-metallic, functionally equivalent and appropriate counterpart pretreatment(s) and/or coating(s) to 3.4.2.1 shall be used.

3.4.2.3 Internal Structure

Internal structures and surfaces exposed to optical path shall be treated with suitable non-reflective coatings to minimize light scattering and meet the veiling glare requirement of 3.1.5.

3.4.3 Top Coating 


Top coating on the lens system shall be color 17875 (reflecting white) as described in 
Federal Standard 595B. 

3.5
ENVIRONMENTAL PROTECTION

3.5.1
Seals


The lens system housing shall be completely sealed against dust and moisture, including the modularized components of the focusing subsystem's control electronics defined in 3.3.6.

3.5.2
Desiccant System


A desiccant system with removable COTS cartridge(s) and a visible external indicator shall be part of the lens system housing to provide positive condensation protection within the environmental limits specified in 3.7.

3.5.3
Lens Covers


Protective lens covers shall be furnished for the front and rear of the lens system housing.  

3.5.4
Outgassing / Offgassing

3.5.4.1
Material Selection


Materials used in the lens system shall be selected to minimize the potential for degradation and/or contamination of the optical components due to outgassing/offgassing during the useful life specified in 3.8.1.  
3.5.4.2
Material Reporting


Any hydrocarbon or other materials with potential for outgassing/offgassing being considered for use in the lens system shall be reported to NASA or its representative as early as possible during design to enable engineering review and concurrence.
3.6
PHYSICAL CHARACTERISTICS

3.6.1 Length 


The physical length of the lens system shall not exceed 45 inches. 

3.6.2
Weight 


The maximum weight of the lens system shall not exceed 230 pounds. 

3.6.3
Outer Diameter

The overall diameter of the optical tube assembly with mounting adapter shall not exceed the clear aperture diameter plus 25 percent. 

3.6.4
Protuberances


Any protuberances external to the lens assembly (optical tube assembly, focus 


subassembly and mounting adapter) extending beyond the conditions stated in 3.6.1 and 
3.6.3 shall be submitted to the Contracting Officer for approval.

3.6.5
Mounting Adapter


The lens system shall include a mounting adapter that securely bolts the lens system with its optical axis parallel to a flat mounting plate within +/- 0.5 degree and an azimuth angle adjustment tolerance of +/- 3.0 degrees.
3.6.5.1
Bottom Mounting


The bottom of the lens system housing shall be designed for appropriate installation onto a flat plate considering the lens system's weight, mass distribution and the environmental conditions specified in 3.7. 

3.6.5.2
Alignment


The mounting adapter shall provide a means for rotating the lens system about its optical axis for alignment purposes.

3.6.5.3
Manual Handling 


The mounting adapter shall provide suitable permanently fixed lifting handles with a safety factor of at least 1.5 times the total lens system weight for manual handling.

3.6.6
Camera Adapter Interface


The rear external surface of the lens system shall have a threaded circular through hole with a 3.875”-16 Class 2A thread, with at least 4 full threads available,  centered on the optical axis to within 0.030 inches, and surrounded by 6 tapped bolt holes in a circumferential pattern as detailed in Figure 2. 

3.7
ENVIRONMENT

3.7.1
Operational


The lens system shall perform as specified herein under all possible combinations of the following environmental conditions:

3.7.1.1
Temperature


Ambient Air Temperatures between 10 and 120 degrees F.

3.7.1.2
Altitude


Altitudes between sea level and 10,000 feet above sea level.

3.7.1.3
Relative Humidity


Relative Humidity between 5 and 95 percent, non-condensing.

3.7.1.4
Winds


Winds between 0 and 40 miles per hour.

3.7.1.5
Solar Radiation


After exposure to direct solar radiation from any direction and for intervals up to 14-hours with the lens cover in place. 

3.7.1.6
Motion/Vibration Blurring 

The lens system shall be designed to ensure it meets the resolution specified in 3.1.4 throughout the focus range specified in 3.3.2 while operating at a maximum angular rate of 10 degrees/second for a 35mm film frame rate of 100 frames/second.

3.7.2
Storage and Transport


The lens system shall perform as specified herein after being subjected to the following environmental conditions during storage and transport:

3.7.2.1
Ambient Air Temperature


Ambient air temperatures between 10 and 120 degrees F

3.7.2.2 
Air Transport Environment
Pressure, temperature and humidity combinations typical during long-distance air freight shipping.
3.7.2.3
Relative Humidity



Relative Humidity between 5 and 95 percent, non-condensing.

3.7.2.4
Shock / Vibration 

Vibration of 5 g’s at 5 Hz and 3 g’s at 200Hz, each case for 1 minute in each of its 3 orthogonal axes.

3.8
RELIABILITY

3.8.1
Useful Life


The lens system shall be designed for a useful service life of at least 10 years.

3.8.2
Goals


The lens system should be designed to afford the greatest Mean Time Between Failures (MTBF) and shortest Mean Time to Repair (MTTR) consistent with a cost effective goal.

3.9
MAINTAINABILITY

3.9.1
Ease of Maintenance 



The lens system shall be designed to afford access to internal optical elements, focus 
subsystems and components for testing, repair and replacement without major 

disassembly of nearby items.

3.9.2
Custom Tools


Custom tools shall be provided where off-the-shelf tools are not available.

3.10
 WORKMANSHIP 

3.10.1
Practices


The lens system shall be fabricated using best commercial practices with special attention to parts being interchangeable to allow field replacement and interchange, and sharp edges and burrs not being permitted on any surface or edge.

3.10.2
Appearance


The lens system shall have a uniform appearance in color, type of finish, hardware and trim. 

3.11 MARKING



Markings shall be as per KSC-STD-E-0015B, paragraphs 3 and 4.

3.11.1
Part Numbers


Each component part shall be marked with its part number.

3.11.2
Transmission Number


The measured transmission (T) number shall be permanently and legibly displayed out to one decimal place on the exterior rear surface of the lens system, above the camera adapter interface.
3.11.3
Focal Length

 
The measured focal length shall be permanently and legibly displayed out to two decimal places on the exterior rear surface of the lens system, above the camera adapter interface.
3.12
TECHNICAL DATA

3.12.1
Delivered Documentation 


The following documentation shall be provided and delivered with the lens system in sufficient level of detail to substantiate meeting the critical design requirements:


A. Engineering calculations and technical data, including analysis-derived MTF curve


B. Complete and current mechanical, structural and electrical documentation

C. Test procedures and measured value results for system performance and component tests, including:


1)  graphical mapping results raw data of optical performance tests, and 



2)  curve/table of focus setting to range input


D. Quality Assurance final acceptance test and/or inspection records for each specialty 
item and/or modified COTS part used, verifying compliance with its corresponding 

requirements

E. Operations and Maintenance Manuals, including software documentation as described in 3.3.9.


F. Complete parts lists and vendor information


G. A copy of the supplier's Quality Management Systems Plan as per 4.1.2

3.12.2 
Preliminary Documentation


Preliminary versions shall be provided at timely periods during design, development and fabrication at 30%, 60% and 90% complete.

3.13
DESIGN REVIEWS/TECHNICAL INTERCHANGE MEETINGS (TIMs)

Two interim informal in-plant design reviews (or TIMs), each not to exceed 2 days, shall be conducted during development/production of the telescope lens system to obtain status updates of progress and offer opportunity to discuss and resolve issues that may arise.

3.14
ACCEPTANCE TESTING


Acceptance testing shall be in accordance with the guidelines provided in Document 457-93, Test Methods for Acceptance Testing of Telescopes current revision, Range Commanders Council, Optical Systems Group.  This document may be obtained from the web site <http://jcs.mil/RCC/manuals/457-93/457-93.pdf>

4
QUALITY PROVISIONS

4.1
General


The quality assurance requirements shall be consistent with the Vendors approved Quality Assurance standards and procedures.

4.1.1
Quality Control System


The supplier shall establish and maintain a quality control system that satisfies the requirements of ISO 9001:2001, Quality Management Systems – Requirements.  NASA retains the right to perform an audit of supplier's system to verify compliance.

4.1.2
Quality Manual


The supplier shall submit a copy of their Quality Management Systems Plan.

4.1.3
Supplier Credentials


The supplier of the hardware and software components shall be an established vendor to the industry of no less than five (5) years.

4.1.4
Deviations and Waivers


When the supplier proposes to perform work that does not conform to the applicable contract drawing requirements and specifications, the supplier shall submit to the Contracting Officer for a written request for deviation or request for waiver on the nonconforming work.  Prior to performing the nonconforming work, the supplier must receive the approved/denied request from the Contracting Officer.


All supplier deviation and waiver requests shall be submitted on KSC Form 8-69, "Supplier Request To Use Non-Conforming Parts or Material".  The form shall be fully executed and include a proffer of consideration to the Government.  The request must be technically supported by justification, rationale, design considerations, calculations, and other data as applicable that permits ready and conclusive evaluation by the Government as to acceptability or non-acceptability.


Where a requested deviation or waiver on a particular aspect of the work has a relation to, or affects other aspects of the work, those other aspects of the work shall be clearly identified and referenced.  And, if the requested deviation or waiver necessitates a deviation or waiver on other aspects, requests for all such deviations and waivers must be submitted concurrently.


Any request not submitted in strict accordance with this provision will not be considered.

4.2
Quality Conformance Criteria

4.2.1
Verification - The requirements of Section 3 of this specification shall be verified by the methods described below:

4.2.1.1
Inspection: Inspection is a method that determines conformance to requirements by the review of drawings, data, or by visual examination of the item using standard quality control methods, without the use of special laboratory procedures.   All quantities reported shall be measured values with associated uncertainties included. 

4.2.1.2
Analysis: Analysis is a process used in lieu of, or in addition to, other methods to ensure compliance to specification requirements.  The selected techniques may include, but not be limited to, engineering analysis, statistics and qualitative analysis, computer and hardware simulations, and analog modeling. Analysis may also include assessing the results of lower level qualification activity. 

4.2.1.3
Demonstration: Demonstration consists of a qualitative determination of the properties of a test article. This qualitative determination is made through observation, with or without special test equipment or instrumentation, which verifies characteristics such as human engineering features, services, access features, and transportability. Demonstration requirements are normally implemented within a test plan, operations plan, or test procedures. 

4.2.1.4 Test: Test is a method in which technical means, such as the use of special equipment, instrumentation, simulation techniques, and the application of established principles and procedures, are used for the evaluation of components, subsystems, and systems to determine compliance with requirements. Test shall be selected as the primary method when analytical techniques do not produce adequate results; failure modes exist which could compromise personnel safety, adversely affect flight systems or payload operation, or result in a loss of mission objectives; or for any components directly associated with Space Station and Orbiter interfaces. The analysis of data derived from tests in an integral part of the test program, and should not be confused with analysis as defined above.  Tests shall be used to determine quantitative compliance to requirements and produce quantitative results.   


All quantities reported shall be measured values with associated uncertainties included. 
5

PACKAGING REQUIREMENTS

5.1
Containers


The lens system shall be shipped in a rugged reusable container that will protect it from damage during shipment by air-ride ground van, standard air freight or a combination of both.

6.0
NOTES

This lens system is intended for use as part of image acquisition systems for obtaining engineering, event, and trajectory data about aircraft, missiles and spacecraft booster targets.  It should be noted that launch vehicles produce extremely high levels of illumination from rocket engine exhaust plumes. Considerations should be taken to avoid any consequences from this light source as it may affect the internal lens design for the rejection from stray light and reflections.  This lens system will be used with the cameras described in Section 1 of this document and mounted on tracker instrument platforms located on mobile trailers that are towed over unpaved and gravel roads.  Internal optical alignments must not be affected while the tracker (with the lens system mounted in a non-operating condition) is towed between KSC camera locations. 
NOTICE.   When Government drawings, specifications, or other data are used for any purpose other than in connection with a definitely related Government procurement operation, the United States Government thereby incurs no responsibility nor any obligation whatsoever; and the fact that the Government may have formulated, furnished, or in any way supplied the said drawings, specifications or other data is not to be regarded by implication or otherwise as in any manner licensing the holder or any other person or corporation, or conveying any rights or permission to manufacture, use, or sell any patented invention that may in any way be related thereto.  
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Figure 1. Instrument Mounting Platform (Scale: None)
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Appendix A – Compliance Matrix

	Paragraph Number
	Requirement Title
	
	
	Method of Verification
	

	
	
	Inspection
	Analysis
	Demonstration
	Test

	3.1
	Optical Requirements
	
	
	
	

	3.1.1
	Focal Length
	
	X
	
	X

	3.1.2
	Transmission (T) Number
	
	X
	
	

	3.1.3
	Wavefront
	
	X
	
	X

	3.1.3.1
	RMS Wavefront Deformation
	
	X
	
	X

	3.1.3.2
	Peak to Valley Wavefront Distortion
	
	X
	
	X

	3.1.3.3
	Nonrotationally-symmetrical Aberration
	
	X
	
	X

	3.1.4
	Resolution
	
	X
	
	X

	3.1.5
	Veiling Glare
	
	X
	
	X

	3.1.6
	Image Format
	
	
	
	

	3.1.6.1
	Corrected Field of View
	
	X
	
	X

	3.1.6.2
	Clear Field of View
	
	X
	
	X

	3.1.6.3
	Image Size
	
	X
	
	X

	3.1.7
	Focal Plane Position
	
	
	
	X

	3.1.8 
	Spectral Transmission 
	
	X
	
	X

	3.1.9
	Curvilinear Distortion
	
	
	
	

	3.1.9.1
	Center Wavelength Distortion
	
	X
	
	X

	3.1.9.2
	Band Limit Wavelengths Distortion
	
	X
	
	X

	3.2
	Thermal Stability
	
	X
	
	X

	3.3
	Focusing Subsystem
	
	
	
	

	3.3.1   
	General Requirements
	
	
	
	

	3.3.1.1
	Continuously Variable Focus
	
	X
	X
	X

	3.3.1.2
	Control Modes
	
	
	
	X

	3.3.1.3
	Optical Resolution
	
	X
	
	X

	3.3.1.4
	Optical Axis Shift 
	
	X
	
	X

	3.3.2
	Focus Range
	
	X
	
	X

	3.3.3
	Focus Rate
	
	
	
	

	3.3.3.1
	Digital Control Response Time
	
	X
	
	X

	3.3.3.2
	Manual Control Response Time
	
	X
	
	X

	3.3.4
	Focus  Position Transducer
	X
	
	
	X

	3.3.4.1
	General Requirements
	X
	
	
	

	3.3.4.2
	Linearity 
	
	X
	
	X

	3.3.4.3
	Potentiometer  
	X
	
	
	

	3.3.5
	Manual Focus 
	
	
	
	

	3.3.5.1
	Location and Accessibility
	X
	
	
	

	3.3.5.2
	Control Type
	X
	
	
	

	3.3.5.3
	Motor Drive Operation
	
	
	
	X

	3.3.5.4
	Control-transducer Coupling
	X
	
	
	X

	3.3.5.5
	Mechanism Conflicts/Errors
	
	
	
	X

	3.3.6
	Control Electronics
	
	
	
	

	3.3.6.1
	Packaging
	
	
	
	

	
	
	Inspection
	Analysis
	Demonstration
	Test

	3.3.6.1.1
	External Module(s)
	X
	
	
	

	3.3.6.1.2
	Design and Component Selection
	X
	
	
	

	3.3.6.2
	Operator Indicators
	X
	
	
	X

	3.3.6.3
	I / O Interface
	
	
	
	X

	3.3.6.3.1
	Range Digital Resolution
	
	
	
	X

	3.3.6.3.2
	Range Input Format
	
	
	X
	

	3.3.6.3.3
	Status Reporting
	
	
	
	X

	3.3.6.3.4
	Transducer Digital Resolution 
	
	
	
	X

	3.3.7
	Power
	X
	
	
	

	3.3.8
	Connectors
	
	
	
	

	3.3.8.1
	Connector Types
	X
	
	
	

	3.3.8.2
	Connector Caps
	X
	
	
	

	3.3.9
	Software
	
	
	
	

	3.3.9.1
	Internal System Software
	
	X
	
	X

	3.3.9.2
	External Auxiliary Software
	
	X
	
	X

	3.4
	Coatings
	
	
	
	

	3.4.1
	Optical Surfaces Coatings
	X
	
	
	

	3.4.2
	Lens Housing Coatings
	
	
	
	

	3.4.2.1
	Metallic Housing
	X
	X
	
	

	3.4.2.2
	Non-metallic Housing
	X
	X
	
	

	3.4.2.3
	Internal Structure
	X
	X
	
	

	3.4.3
	Top Coating
	X
	X
	
	

	3.5
	Environmental Protection
	
	
	
	

	3.5.1
	Seals
	X
	X
	
	

	3.5.2
	Desiccant System
	X
	
	
	X

	3.5.3
	Lens Covers
	X
	
	
	

	3.5.4
	Outgassing / Offgassing
	
	
	
	

	3.5.4.1
	Material Selection
	
	X
	X
	

	3.5.4.2
	Material Reporting
	
	X
	
	

	3.6
	Physical Characteristics
	
	
	
	

	3.6.1
	Length
	X
	
	
	

	3.6.2
	Weight
	X
	
	
	

	3.6.3
	Outer Diameter
	X
	
	
	

	3.6.4
	Protuberances
	X
	
	
	

	3.6.5
	Mounting Adapter
	X
	
	
	

	3.6.5.1
	Bottom Mounting
	X
	
	
	

	3.6.5.2
	Alignment
	X
	
	
	

	3.6.5.3
	Manual Handling
	X
	
	
	

	3.6.6
	Camera Adapter Interface
	X
	
	
	X

	3.7
	Environment
	
	
	
	

	3.7.1
	Operational
	
	
	
	

	3.7.1.1
	Temperature
	
	
	
	X

	3.7.1.2
	Altitude
	X
	X
	
	

	3.7.1.3
	Relative Humidity
	
	X
	
	X

	3.7.1.4
	Winds
	X
	X
	
	

	
	
	Inspection 
	Analysis
	Demonstration
	Test

	3.7.2
	Storage and Transport
	
	
	
	

	3.7.2.1
	Ambient Air Temperature
	
	
	
	X

	3.7.2.2
	Air Transport Environment
	
	
	
	X

	3.7.2.3
	Relative Humidity
	
	
	
	X

	3.7.2.4
	Shock / Vibration
	
	
	
	X

	3.8
	Reliability
	
	X
	
	

	3.8.1
	Useful Life
	
	X
	
	

	3.8.2
	Goals
	
	X
	
	

	3.9
	Maintainability
	
	
	
	

	3.9.1
	Ease of Maintenance
	X
	X
	
	

	3.9.2
	Custom Tools
	X
	
	
	

	3.10
	Workmanship
	
	
	
	

	3.10.1
	Practices
	X
	
	
	

	3.10.2
	Appearance
	X
	
	
	

	3.11
	Marking
	X
	
	
	

	3.11.1
	Part Numbers
	X
	
	
	

	3.11.2
	Transmission Number
	X
	
	
	

	3.11.3
	Focal Length
	X
	
	
	

	3.12
	Technical Data
	X
	
	
	

	3.12.1
	Delivered Documentation
	X
	X
	
	

	3.12.2
	Preliminary Documentation
	X
	
	
	

	3.13
	Design Reviews / Technical Interchange Meetings
	
	
	
	

	3.14
	Acceptance Testing
	X
	
	X
	X

	
	
	
	
	
	


Appendix B – Acronyms

COTS

Commercial Off-the-Shelf

F

Fahrenheit

FL

Focal Length

g

units of gravitational force

HDTV

high definition television

He

Helium

Hz

Hertz

I/O

Input / Output

IR

infrared

K

Kelvin

KBd

Kilobaud

KSC

Kennedy Space Center

mm

millimeter

MTBF

Mean Time Between Failures

MTF

Modulation Transfer Function

MTTR

Mean Time to Repair

NASA

National Aeronautics and Space Administration

Ne

Neon

nm

nanometer

P-V

peak-to-valley

RMS

root-mean-square

SDTV

standard definition television

TIM

Technical Interchange Meeting

µm

micrometer

USAF 

United States Air Force

VAC

Volts alternating current
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