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Warning: Graphical Content 
May Lead To Excessive roductivity. 

JOin the crowds flocking to use the 

number one blockbuster of the decade. 

LabVIEW - it's the biggest hit in virtual 

Instrumentation. LabVIEW graphical 

programming is proven to increase 

productivity by at least four to 10 times 

over that of traditional languages. Every 

day, thousands of LabVIEW users save 

their companies valuable time and 

money. And, they're having lots of fun 

developing with LabVIEW. To see what all 

the critics are raving about, call for your 

FREE LabVIEW productivity study today 

• __ u 
NOW SHOWING AT COMPUTERS EVERYWHERE 

(popcorn not included). 

"As shown in T&M IM:Jrid Mar1<eting Insight Study. 1995; Sensors Data Acquisition Survey, 1995; PE&IN Data Acquisition SUlvey. 1996 

NATIONAL 
INSTRUMENTS· 
The Software is the IIlSfnlmell 

U.S. Corporate Headquarters 
Tel: (512) 794-0100 • Fax: (512) 794-8411 

info@natinst.com • www.natinst.com 

o Copynght 1996 NooonalinstrumonU CO<pOtiIUon AI righu reerwd. Product and compony name 
fisted .,re trademarks or trade names of their respc!Ct.IW c.ompames. 

For More Information Write In No. 610 

LabVIEW 
ProductlVlly Stud) 

+ 

Call for your FREE LabViEW 

productivity study today. 

(BOO) 433.3488 

FREE evaluation software available 

Poinl your Web browser 10 www.nalinslcom 10 gel a 
complete schedule 01 upcoming technical seminars. 
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Gould's new COBRA16 combines a real-time recording system with the power of 
real-time mathematical calculations to provide real-time results. Its Windows 95 
control system allows real-time color monitoring of raw or computed data. With 
its extensive post-acquisition analysis program, the COBRA 16 delivers unparalleled 
performance in a portable package. 

Real-Time Results 
If every test problem were the same, the answers would be 

simple. 
Now, Gould's new Real-Time Math Module lets you create a 

unique mathematical solution to your special test problem. This 
new module converts real-time raw data to useful information at 
the time and place of acquisition. Instantaneous answers make the 
most effective use of your valuable test cell resources, providing 
savings which go directly to your bottom line. 

Add Gould's powerful Real-Time Math Module, the heart of 
our new COBRA16 System, to any existing TA11 or TA6000 product 
to provide powerful, enhanced functionality. Perform real-time 
calculations at 50,000 samples per second. Use resultant math 
outputs as inputs to additional math functions, providing for 
complex equations. Trigger acquisition using derived results, raw 
data or combinations_ To ensure easily interpreted results, define 
your input units to provide real-world values; such as PSIG or Watts. 

If you have uncommon 
problems, call your Gould 
representative for 

some surprisingly ( ) 
uncommon solutions. I sin (~) dt x e input2 

( 
B.214 x inp

ut3) X log (inputS + 6.1) 
tan -1 (input4) 

GOULD 
Instrument Systems 

• Up to 64 channels . Continuously record to Hard 
Disk at 1 MS/sec . External high resolution color 
monitor . Compatible with Real-Time Math Module 

• Up to 16 channels . Record transient signals to 8 
Msample memory . Compatible with Real-Time Math 
Module 

• Wide selection allows instrumentation to be used 
with strain gage, temperature, and frequency 
conversion transducers . The perfect complement 
to Gould's Real-Time Math Module 

Fast Action FAX: (216) 328-7404 
attention Inquires Manager, 
or CALL: (800) 468-5365 
o Have a Gould Sales Representative call me to 

arrange a demonstration 

o Rush me free information on Gould's new 
Real-Time Math 

NTB 2197 
(Please print) 
Name: ______________________________ _ 

Title: ______________________________ _ 

Company: __________________________ _ 

Street: ____________________________ _ 

City: ___________ State: ________ Zip: __ __ 

Telephone: ( 

FAX or mail coupon/photocopy (you may affix business 
card) to: Gould Instrument Systems, Inc. 8333 Rockside 
Road, Valley View, OH 44125 

For More Information Write In No. 539 



lC.. ;esTEQUllY 
Brand New 
• TQ Instrument Rack 

System 
Fully Assembled. 
from 1 ,249 

Brand New (SRS) 
• Stanford 

Research Systems 
SR780 
2-Ch., 102 kHz 
FFfNetwork 
Signal Analyzer 
Only 59,950! 
Save as much as 50% 
over competing models. 

• SRSDS345 
30 MHz 
Function Generator 
$1,595 

• SRS SR630 
16 Channel 
Thennocouple Monitor 
$1,495 

XANTREX 
Brand New 
• Xantrex XFR·Series 

Power Supplies 
1,200 Watts 
$1,350ea. 

• Xantrex XHR·Series 
Power Supplies 
1,000 Watts 
$1,795 

ReNewed™ 
• Hewlett·Packard 

3325A 
Synthesized/Function 
Generator 
1 ~Hz to 21 MHz 
$2,995 

ReNewed™ 
• Hewlett·Packard 

8591E/l0/21 
Spectrum Analyzer 
9kHz to 1.8GHz 
$14,995 

ReNewedN 

• Environmental 
Chambers and Ovens 
Thermotron, Tenney, 
Envirotronics & More 

Tektronix 
Brand New 
• Tektronix 

Real-1ime 
Digital 
Oscilloscopes 
TDS 200 Series 
60 or 100 MHz, 1 Gs/s 
from 5995 

Yes you can 
but will you? 

Get Big Savings on Test Equipment 
from TestEquity. 

Brand New + ReNEwe8 Test Equipment 
Yes, you can save up to 50% on high-quality test equipment; all the top brand 
names, including Hewlett-Packard, Tektronix and Fluke. And now there's Stanford 
Research Systems' FFT Analyzers, LCR Meters, Thermocouple Monitors and 
Waveform Generators; all priced up to 50% less than competing models! Call or 
log-on for the catalog that includes the latest arrivals and sale priced specials that 
will solve your test requirements. 

1-800-426-3457 
Local or IntJ. call (805) 498-9933 • FAX (805) 498-3733 
Ready to ooswer yoIJ col from 6:30 om, Podfic fll11e, Monday IIru friIkJy 

http://WWW.testequity.com 
For More Information Write In No. 550 



High Performance Integer Calculations 

• 3 x 3 convolution ......... .. 6.6 msec 

• Dilation Erosion ............ 1.2 msec 
• Add, subtract, threshold .. 2.4 msec 
• Median filter ................... 11 msec 
• Sobel/Robert's filter ..... .. 6.0 msec 
• Histo ram ....................... 3.3 msec 

High Performance Floating Point Calculations 

8 SHARC 1 DCFFT (1 K) ...... .. .. .. 0.072 msec 

8 SHARe 20CFFT (1 K x 1 K) ...... . 138 msec 

8 SHARC CO V3 (512 x 512) ........ 9 msec 

RON 

A lacron provides the optimal processing 
power for all your computing needs . 
Alacron's FT-C80 supplies 2 Giga Fixed 
Point OPs, while the FT-SHARC supplies 
up to 3 Giga Floating Point OPs per slot!! 

The FT-SHARC and FT-C80 support 
Alacron's family of digital and a n a lo g 
framegrabbers, and Alacron's high resolution 
video output modules. 

71 Spitbrook Road, Nashua, NH 03060 
TEL: (603) 891-2750 
FAX: (603) 891-2745 

Web: http://www.alacron.com 
EMAil: sales@alacron.com 

For More Information Write In No. 545 
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FEATURES 
22 Mission Accomplished 

TECHNICAL SECTION 

February 1997 
Volume 21 Number 2 

TECH BRIEFS 
Official Publication of the National 

Aeronautics and Space Administration 

Measuring Photoinduced Surface 
Acoustic Waves by AFM 

54 High-Tc-Superconductor Bolometer 
With High Detectivity 

55 Dual-Element Tunneling Accelerometer 
With Dual Feedback 

27 Special Focus: Test & Measurement 
G~ 28 Aerospike Controller Test System 
~.. 30 Measuring Depths in ICs Using 

58 Materials 
~ 58 Probabilistic Analysis of 'ilil Composite-Material Structures a-Particle-Induced Upsets 

32 Device Deembedding From 
Waveguide Simulator Test 

33 Cryogenic System for Testing 
Microwave Electronic Devices 

34 Laboratory Portable Infrared 
Reflectometer 

35 Technique for Measuring Microwave 
Surface Conductivities 

36-38 Special Focus Products 

40 Electronic Components and 
~ Circuits 
~ 40 Circuit Imitates Electrical 

Behavior of a Solar Array 
42 Mode-Converting Antenna 

Feed Horn for XIXIKa-Band 
Operation 

44 Antenna/Waveguide Assembly 
With Separable Sections 

44 Extensible Circular Waveguide 

46 Electronic Systems 
~ 46 

., 46 

48 

Two-Way, Noncoherent Precise 
Doppler Measurement System 
Automated Apparatus Measures 
Radio Traffic 
Self-Calibrat ing Signal
Condition ing Amplifier 

50 Training a Digital Neural Network 

62 Computer Programs 
62 Program Computes Radiative 

Transfers of Heat 
64 PCPANEUPNLGRF: Software for 

Computing Turbomachinery Flows 

(continued on page 8) 

Energy Q radiant barrier from Tech 2000, Roswell, GA, was derived 
from materials developed by NASA and is finding applications in 
diverse industries, including building insulation. Pictured is Produce 
Exchange Warehouse In Nogales. AZ. a 55.ooo-square-foot facility 
lined with Energy Q. Inside, the temperature dropped 15° without 
increasing energy consumption. For more information. see Mission 
Accomplished on page 22. 

Photo courtesy of Tech 2000 
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The Easiest Finite Element Analysis 
Just Got Easier! 

Algor's new JAVA-based Roadmaps uses the latest technology 
to assure the most rapid response and clarity of presentation. 

• The identical interface is available on all supported workstations including Windows 95/NT and UNIX. 

• Three-way buttons provide enhanced "road feel". Traditional Windows and UNIX software have only 
two-way buttons. 

• Built-in expertise smooths the curves on the road to FEA. 

• Advanced menu system has shortcut links for experienced power users. 

• Pull-down menus activate the control panel for the type of analysis or simulation selected. 

• Help screens appear as an extension to the bottom of the Roadmaps control panel. 

• You can link directly to Algor's Home Page on the Internet. 

• Algor's complete DocuTech reference library and search commander provide keyword access 
to related information while you work. 

When the Engineering 
Has to be Righe M 

Algor, Inc . 
150 Beta Drive, Pittsburgh, PA 15238-2932 USA 

Phone: +1 (412) 967-2700 

Fax: +1 (412) 967-2781 

California: (714) 564-0844 

Europe (UK): +44 (1) (784) 442 246 

E-mail: info@algor.com 
Copyright © 1997, Algor, Inc. 

For More Information Write In No. 6 25 
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Variable-Compliance Wrist 
for Robotic Manipulator 
Portable Drilling Apparatus 
for Subsurface Sampling 

70 Manufacturing/Fabrication 
I I 70 Friction-Stir-Welding Tool With 

Real-Time Adaptive Control 
72 Back-Side Inert-Gas Shielding 

Strips for Keyhole Welding 

74 Life Sciences 
• 74 Growing Prostate-Cancer Cells 

_ in Three-Dimensional Clusters 
74 Growing Three-Dimensional Corneal 

Tissue in a Bioreactor 
75 Treating Wastewater With 
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This month's Special Focus on Test and Measurement, which 
begins on page 27, encompasses equipment ranging from posi
tion measurement systems and flow controllers, to scales and 
thermometers. The TestStar™ digital test control system from 
MTS Systems Corp., Eden Prairie, MN, tests materials and com
ponents in a myriad of industries. 

Photo courtesy of MTS Systems Corp. 
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What kind of Computing device do you need? 
Are your problem5 too big for your computer? Are 

you do ing more wait ing than working? Then you need 
the newe5t HAL work5tat ion. the HAL5tation-385. 

The 385 i5 a 64-bit 5uper work5tation. powered by 

the a5toni5hingly fa5t SPARC 64-11. and boa5ting the 

highe5t memory throughput available. JU5t the thing for 

501ving the toughe5t enginet'ring and re5t'arch problem5. 

like all HAL5tation5. the 385 run5 our fully Solari5-
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compatible 64-bit O/S. 50 it fl re5 by tht' UltraSPARC 

with 40% better pt'rformance. While 5till running all your 

SPARC/Solari5 application5. 

Be5t of all. tht' 385 i5 under $20K. And if you book 
before March 1st, we'll throw In a memory upgrade. free. 

Call U5 at 1-800-425-0329 or drop in on www.hal.com 

1t'5 the computing 

device you really nt'ed. now. 
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HAL.Utten 18'5 

UltuSPARC Wor\<.tatl.n 

B ... ,c PC 
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For More Information Write In No. 527 
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With all due respect to RISC/UNIX-based systems, we think you'll find the Compaq Professional 

Workstation offers omething that's been sorely missing in proprietary workstations. amely, freedom. 

To begin with, you'll have plenty of power to run your specialized applications. This is made 

possible through a range of cutting-edge performance features. Including Compaq's advanced ystem 

architecture which is optimized for Windows· T and can run up to two Pentium· Pro processors. And 

because our workstation is based on open systems standards, you'll find it will integrate easily into your 

distribuled 

existing network. So instead of having to work within the constraints of a proprietary 

system, you'll have the flexibility to accommodate your needs, whatever they are. Of 

course, with Distributed Access, you'll also be assured of a transparent connection 
a c. c e 5 5 

to all the information you need throughout your enterprise. Even in RISC/U IX environments. 

Another benefit is the result of our partnerships with leading independent software vendors 

like Adobe, Autodesk, Bentley, EDS Unigraphics, Kinetix, PTC, SDRC and Softimage. Because these 

solutions have been thoroughly tested, you'll get optimum performance and compatibility. 

Y () II R R ELI .\ '\ C r () '\ C () '\ \. E '\ T I () '\ .\ L \\ ' () R K S T'-\ T I () '\..., 

I S .-\ B () \I T T () C H . \ '\ (; F F () R E \" E R . 

Finally, our workstation provides a lower cost of ownership-not only through price: performance 

but also through Compaq's industry-leading management features 

and comprehensive service and support programs. Including 

hundreds of resellers specially trained for your market. 

All said, the Compaq Professional Workstation is unlike 

any workstation you've ever used before. Which, of course, is 

exactly the point. For more information on Compaq 

workstations or Distributed Acce s, visit us at ~~ www.compaq.com or call 1-800-318-7774. 

So what's under the hood? J-2 200MHz Pentium" Pro processors with NT 4.0, a 256K cache, up to 512MB 

tif ECC DIMM memory, an Ultra -Wide SCSI controller, and advanced 2D/3D araphics accelerators. 

COMPAQ 
Has It Changed Your Life Yet? 

For More Information Write In No. 643 



CONVERT 
COMPUTER 
GRAPHICS 

TO VIDEO 

.... -----.... ------

RGB/Videolink-
VIDEO SCAN CONVERTERS 

Up to 1600 x 1280 pixel input 

Analog output / NTSC, PAL S-Video, CAV 

Digital output / CCIR 601 Flicker filt er 

Autosync Video overlay Pan & Zoom 

Simple external connections 

~ 
C;]~@) 
,...~ 

SPECTRUM-
A visual communications company~ 

950 Marina Village Parkway Alameda, CA 94501 
Tel : (510) 814-7000 Fax: (510) 814-7026 

12 For More Infonnation Write In No. 400 

eTECH BRIEFS 
Published by ........................................................ Associated Business Publications 
PresidenVChief Executive Officer ........................•.................................. BiII Schnirring 
Publisher ..................................... ........................ ...................... Joseph T. Pramberger 
Chief Edttor ................................................................................................ Linda L Bell 
Editor, Federal Lab Tech Briefs .. .............................................................. Robert Clark 
Contribuling Edttor ........................................................................... Rebecca Rhoades 
Production Manager ............................................................................... Oonna Pituras 
Advertising Coordinalor ............ .............................................................. Margery Koen 
Art Director .................................... ............... ............................................ Lois Erlacher 
Assistanl Art Director .................. ......................... ...............................•.... Gene Aguirre 
Circulation Director. .............................................................................. Martin J . Horan 
Assistanl Circulation Director ............... ....................................................... Lori Ramos 
Telemarketing Specialisl ............................................................................ Evelyn Mars 
Assislant to Reader Service Manager ......................................... ....... Oamiana Garcia 

BRIEFS & SUPPORTING UTERATURE: Written and produced for NASA by 
Advanced Testing Technologies, Inc., Hauppauge, NY It 788 
TechnicallManaging Editor .................................................................. ...... Ted Selinsky 
Sr. Technical Analyst ...................................... ............... .............. Or. Larry Grunberger 
Art Manager ........................................................................................... Eric Starstrom 
Staff Writers/Edttors .............................................. Or. Theron Cole, George Watson, 

Howard Falk, Gail Pyke 
Graphics ................................................................................................ Robert Simons 
Editorial & Production ..................................... Joan Schmiemann, Caroline Weaver 

Becky O. Bentley 

NASA: 
NASA Tech Briefs are provided by the National Aeronautics and Space 
Adminislration, Technology Transfer Division, Washington, DC: 
Administrator ....................................................................................... Oaniel S. Goldin 
Director, Commercial Technology ....... ...................................... Robert Norwood 
Publications Director ............... ................................................... . ........... Cart Ray 

ASSOCIATED BUSINESS PUBLICATIONS 
317 Madison Avenue, New York, NY HlO17-5391 
(212) 490-3999 FAX (212) 986-7864 
PresidenVChief Execulive Officer ........................................................... Bill Schninring 
Executive Vice PresidenVChief Operating Officer .................... Oomenic A- Mucchetti 
Treasurer. ... ............. ..... ............................................................. Joseph T. Pramberger 
CrediVCollection ............................... ....... ................................................ Felecia Lahey 
Staff Accountant ............................................... .... .. .............................. ....... . Larry Ouze 
Director of Marketing/New Business Development .......................... George L OeFeis 
Exhibition Sales Manager ........................................................................ Wayne Pierce 
Exhibition Sales Representative .......................................... ............... ... Joanna Upton 
Human Resources Manager ..................... .................... ................. . Lourdes Del Valle 
MIS Manager ................. .... ..................................................................... Ted Morawski 
Assistant MIS Manager ....... ............................................................................ Pak Tong 
Nelwork Administrator ............................................................................ Omitry Master 
MIS Data Entry ................................................................. ................. Roxanne Portella 
Office Manager ............. .... .................................................................... Sytvia Valentin 
Mailroom Operations ... ............ .............................. Affredo Vasquez, Rose O'Addozio 
Administrative Assistant ............ .................................... . ... Christine Satuzzi 

NASA TECH BRIEFS ADVERTISING ACCOUNT EXECUTIVES 
Headquarters ....................................................... ............ . ...... (212) 490·3999 
NY, NJ (Area Code 201), Eastem Canada ............ ............................ ..... John Waddell 

at (212) 490-3999 
PA, DE, NJ (Area Code 908, 609), VA, DC, MD, WV ... .. .. .............•. ............ Tara Morie 

at (610) 640-3118 
Eastem MA, NH, ME, RI .......................................... Paul Gillespie at (508) 429-8907 

Bill Doucette at (508) 429-9861 
Weslem MA. CT, VT ................ .................................... .. ..... .. ............... . George Watts 

at (802) 824-5546 
Southeast, South Central ....... .. ......... ... . .................. Robert Hubbard 

at (910) 299-7754 
OH, MI, IN, KY .............................................•.............................•.......• Louise Clemens 

at (216) 397-7477 
IL, WI, MO, lA, MN, ND, SD, NE, KS, Central Canada ............ Melinda Mead Hurley 

at (312) 296-2040 
N. Calif., CO ................................................................................................. Bill Hague 

at (408) 730-6800 
WA, OR, ID, MY, WY, UT, Westem Canada .......................... BiII Madden; Bill Hague 

at (206) 858·7575 
S. Calif., AZ., NM, NV (For NASA Tech Briefs) ................. .................... Blake Dahlgren 

at (310) 288-0391 
S. Calif., AZ, NM. NV (For Federal L3b Tech Briefs) ..... Richard Ayer, Jane Hayward 

at (714) 366-9089 
Japan ................................................. ......................... .................................. Akio Saijo 

at 03 (5691 ) 3335 

How To Reach Us On Line 
NASA Tech Briefs home page: http://www.nasatech.com 

Letters to the editor: ntb_edit@interramp.com 

To find out about advertiSing opportunities: 
ntb_advertiseOinterramp.com 

NASA Tech Briefs, February 1997 



HE GM 3800 IT IS ONE OF THE MOST 

INCREDIBLE FUEL SAVI CS. By IMPLEMENTINC THE NEW T 
R 

ROLLER ROCKER ARM ASSEMBLY INCLUDE MORE THAN 

POPULAR ENCINES IN AUTOMOTIVE HIS-

TORY. AND WITH THE ADDITIO OF NEW ROLLER DESIC , GM SIC IFICANTLY LOWERED FRICTION 

ROCKER BEARINC COMPO HITS DESICN ED BY AND REDUCED VALVETRAIN NOISE BY 4 DECIBELS 

All 
TORRINCTON, IT IS QUICKLY BECOMINC ONE OF THE EW ROLLER ROCKER ARM ALSO ALLOWS GENERAL 

THE MOST EfFICIE T AS WELL MOTORS TO INCREASE THE OPERATINC RA CE OF THE 

CURRENT 3800 SERIES E CINES WILL DELIVER GM 3800 TO 6,000 RPM, AND TO ADD HORSEPOWER 

UP TO AN EXTRA 4 MILES PER CALLON COMPARED TO AN ALREADY TORQUE-RICH POWERPLANT 

TO PREVIOUS E CI ES WITH CONVENTIONAL SLiDI C THE EW ROLLER ROCKER ARM ASSEMBLY IS JUST ONE 

ROCKERS THIS TRANSLATES I TO A TOTAL CASOLI E OF MA 'Y EXAMPLES OF THE TORRI CTO COMPA Y'S 

SAVINCS OF MORE THAN 7,000,000 CALLONS PER YEAR U PARALLELED E CINEERI C EXPERTISE. DAY AFTER DAY, 

FOR THE GENERAL MOTORS 3800 ENCINES AND OVER THE LIFE OF THE IN I DUSTRIES ALL OVER THE WORLD, OUR ENCINEERS HELP COM-

3800 FLEET, THAT MEA S AMERICAN DRIVERS WILL BE ABLE TO TRAV- PA IES FI D IN OVATIVE SOLUTIONS TO EVEN THE MOST COMPLEX 

EL A ADDITIONAL 1,302,000,000 MILES THE TORRINGTON COMPANY. A 0 CHALLENCI C TORRINGTON 

BUT THE VIRTUES OF THE GM 3800 WITH ITS EW WHATEVER IT TAKES. PROBLEMS. I GERSOLL-RAND 

For More Information Write In No. 652 



NASA 
Commercial 
Technology 
Team 

NASA's R&D efforts produce a robust supply of promising technologies with applications in many 
industries. A key mechanism in identifying commercial applications for this technology is NASA's 
national network of commercial technology organizations. The network includes ten NASA field cen
ters, six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center 
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (360) 683-1005 for the FLC coordinator in your area. 

NASA's Technology Sources 
If you need further information about new technologies presented in NASA Tech Briefs, 
request the Technical Support Package (fSP) indicated at the end of the brief. If a TSP is 
not available, the Commercial Technology Office at the NASA field center that sponsored 
the research can provide you with additional information and, if applicable, refer you to the 
innovator(s}. These centers are the source of all NASA-developed technology. 

Ames Research Goddard Space Johnson Space Langley Research Marshall Space 
Center Right Center Center Center Flight Center 
Selected techno- Selected techno- Selected techno- Selected techno- Selected techno-
logical strengths: logical strengths: logical strengths: logical strengths: logical strengths: 
Fluid Dynamics; Earth and Artificial Aerodynamics; Materials; 
Life Sciences; Planetary Intelligence Flight Systems; Manufacturing; 
Earth and Science and Human Materials; Nondestructive 
Atmospheric Missions; LlDAR; Computer Structures; Evaluation; 
Sciences; Cryogenic Interface; Sensors; Biotechnology; 

Information, Systems; Life Sciences; Measurements; Space 

Communications, Tracking; Human Space Information Propulsion; 

and Intelligent Telemetry; Flight Operations; Sciences. Controls and 

Systems; Command. Avionics; Sensors; Dr. Joseph S. Dynamics; 

Human Factors. George A1com Communications. Heyman Structures; 

Bruce Webbon (301) 286-5810 Hank Davis (804) 864-6006 Microgravity 

(415) 604-6646 ga/com@gsfc. (713) 483-0474 j.s.heyman Processing. 

bwebbon@mail. nasa.gov hdavis@gp101.jsc. @Iarc.nasa.gov Harry Craft 

arc.nasa.gov nasagov (205) 544-5419 

Jet Propulsion harry.craft@msfc. 

Dryden Flight laboratory Kennedy Space nasa.gov 

Research Center Selected techno- Center lewis Research 
Selected techno- logical strengths: Selected techno- Center 
logical strengthS: Near/Deep- logical strengths: Selected techno- Stennis Space 

Center Aerodynamics; Space Mission Environmental logical strengthS: 
Selected techno-Aeronautics Engineering; Monitoring; Aeropropulsion ; 
logical strengths: Flight Testing; Microspacecraft; Sensors; Corrosion Communications; 
Propulsion Aeropropulsion; Space Protection; Energy 

Flight Systems; Communications; Bio-Sciences; Technology; Systems; 

Thermal Testing; Information Process Modeling; High TesVMonitoring; 

Integrated Systems; Work Planning! Temperature Remote Sensing; 

Systems Test Remote Sensing; Control; Materials Nonintrusive 

and Validation. Robotics. Meteorology. Research. Instrumentation. 

Lee Duke Merle McKenzie Bil/Sheehan Ann Heyward Kirk Sharp 

(805) 258-3802 (818) 354-2577 (407) 867-2544 (216) 433-3484 (601) 688-1929 

duke@/OUie.dfrf. merle.mckenzie@ bil/sheehan-1@ ann.o.heyward@ ksharp@ 

nasagov ccmaif.jpl.nasagov ksc.nasa.gov lerc.nasa.gov ssc.nasa.gov 

NASA-Sponsored Commercial Technology Organizations 
These organizations were established to provide rapid access to NASA and other federal R&D and 
foster collaboration between public and private sector organizations. They also can d irect you to the 
appropriate pOint of contact w ithin the Federal Laboratory Consortium. To reach the Reg ional 
Technology Transfer Center nearest you, call (800) 472-6785. 

Ismail Akbay Dr. William Gasko Gary Sera 
National Technology Center for Techno logy Mid-Continent 
Transfer Center Commercial ization Technology Transfer 
(800) 678-6882 Massachusetts Center 

Carolyn Suckow 
Far-West Technology 
Transfe r Center 
University of Southern 
California 
(2 t 3) 743-2353 

Technology Park Texas A&M University 
(508) 870-0042 (409) 845-8762 

J. Ronald Thornton 
Southern Technology 
App lications Center 
University of Florida 
(904) 462-3913 

Lani S. Hummel 
Mid-Atlantic Technology 
Applications Center 
University of Pittsburgh 
(412) 648-7000 

Chris Coburn 
Great lakes Industrial 
Technology Transfer 
Center 
Battelle Memorial 
Institute 
(216) 734-0094 

NASA ON-LINE: Go to NASA's Commercial Technology Network (CTN) on the Wor1d Wide Web at 
http://nctn.hq.nasa.gov to search NASA technology resources, find commercialization opportunities, 
and learn about NASA's national network of programs, organizations, and services dedicated to tech
nology transfer and commercialization. 

NASA Program Offices 
At NASA Head quarters t here are 
seven major prog ram offi ces that 
develop and oversee technology pro
jects of potential interest to industry. 
The street address for these strategic 
business units is: NASA Headquarters, 
300 E St. SW, Washington, DC 20546. 

Gene Pawlik 
Small Business 
Innovation Research 
Program (SBIR) 
(202) 358-4661 
gpawlik@oact.hq. 
nasa.gov 

Robert Norwood 
Office of Space Access 
and Technology (Code X) 
(202) 358-2320 
rnorwood@oact.hq. 
nasa.gov 

Philip Hodge 
Office of Space Flight 
(Code M) 
(202) 358-1417 
phodge@osfms1.hq. 
nasa.gov 

Gerald Johnson 
Office of Aeronautics 
(Code R) 
(202) 358-4711 
gjohnson@aeromail. 
hq.nasa.gov 

Bill Smith 
Olllce of Space Sciences 
(CodeS) 
(202) 358-2473 
wsmith@sm.ms.ossa. 
hq.nasa.gov 

Bert Hansen 
Office 01 Mlcrogravity 
Science Applications 
(Code U) 
(202) 358-1958 
bhansen@gm.olmsa. 
hq.nasa.gov 

Granville Paules 
Office of Mission to 
Planet Earth 
(Code Y) 
(202) 358-0706 
gpaules@mtpe.hq. 
nasa.gov 

NASAls Business Facilitators 
NASA has established several organi
zations whose objectives are to estab
lish joint sponsored research agree
ments and incubate small start-up 
companies with significant business 
promise. 

Karen Robbins 
American Technology 
Initiative 
Menlo Park, CA 
(415) 325-5353 

Dr. Jill Fabricant 
Johnson Technology 
Commercialization 
Center 
Houston, TX 
(713) 335-1250 

John Gee 
Ames Technology 
Commercialization 
Center 
Sunnyvale, CA 
(408) 734-4700 

Dan Morrison 
Mississippi 
Enterprise for 
Technology 
Stennis Space 
Center, MS 
(800) 746-4699 

If you are interested in information. applications. and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis Center, (505) 277-3622. 
For software developed with NASA funding, contact NASA's Computer Software Management and Infoonation Center (COSMIC) at phone: (706) 542-3265; Fax: (706) 
542-4807; E-mail: http://www.cosmic.uga.edu or service@cosmic.uga.edu. 
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Serious data acquisition pro 
have no time for nosta1gia. 

1922 

No wonder so many of you have switched to one of the 
Data Translation high-performance, low-cost PCI -EZTM boards. 
Unmatched Price/Performance 
Data Translation PCI -un' data 
acquisition boards for the PC) bus 
provide the best price/perfor
mance available in the market 
today_ Unlike lSA-based boards, 
the performance of the PC)-EZ 
boards isn't limited by the bandwidth 
of the bus_ The PO -EZ board allow 
simultaneous analog input, analog 
output, and digital lIO operations 
without compromising data integrity 
or adding lots of expensive memory. 

In addition, the tremendous performance of our family 
of PCI-based products is offered at the same price as 
an ISA-based board. The result is that Data Traoslation 
boards are, by far, the best value in the industry. 

New Technology vs. Old 
Because PCI is the bus of the 
future, you are protecting your 

data acquisition investment 
by selecting one of our PCI -EZ 

boards. Like many other tech
no�ogies' [SA is quickly becoming 

obsolete and inadequate in meeting 
the needs of today's data acquisition 

professionals. Don't settle for 
yestenlats technology. Meet your 

needs oftomorrowwith PO-EZ. 

Protect your Software Investment 
DT-Open Layers® provides a set of open standards for 
developing software under Wmdows® 3.1, 95, and NT. 

mv you can change your operating system or DT board 
without rewriting your data acquisition program. 

Solution Partners Program 
Through our expanding Solution Partners Program, 
Data Translation provides an extensive range of 
compatible third party applications software. Now, 
your data acquisition needs are conveniently met by 
one company-Data Translation! 

So call us today, and discover for yourself why PCI-EZ 
is such a great find! 

1-800-525-8528 
1NfERNET: http://www.datx.com 

EMAIL: info@dalX.com 

DAR TRANSLATION 

World Headquarters: (508) 481·3700, UK Headquarters: 0118 979 3838, Gennany Headquarters: (07142) 95 31·0 
Oata TransialIOO and DT -Open layers are r8gistered trademarks 01 Data TranslallOO. Inc !'CHZ Is a trademark of Data TranslatiOn. Inc. Windows Is a r8gistered tradernarl< 01 Mlcrosolt Corporallon. 

See Us At The SAE Show, Booth 342. For More Information Write In No. 575 



Fil~~ENTS 
Owr tk past thru tI=uJn, NASA har granr~d morr than 1000 paInu uemses in virtua/Jy ~ arra of 
uchno/ogy. Th~ agmcy har a portfolio of 3000 paunn and pmding appuations availabk now for lic=~ by 
bwi= and individUAls, including ~ rrcmdy paunud invmtions: 

Push Type Fastener 
(U.S. Patent No. 5,562,375) 

Inventor: Steven A. Jackson, Marshall 
Space Flight Center 

Conventional ' push-to-Iatch pull -to 
unlatch ' fasteners for securing a fixed to a 
removable part have advantages of small size 
and weight. But, while suitable for instances in 
which access is available from one side only, 
they are sometimes impractical when the head 
size is too small to be grasped for pulling 
because the user has bulky gloves or limited 
dexterity. Where access is available from both 
sides, and small size and weight remain cru
cial , the present invention substitutes a ' push
push ' approach. The latch consists of a 
plunger having a rounded end and a threaded 
end, an expandable grommet, and a rounded 
head to be secured to the threaded end. The 
plunger passes through a hole in the remov
able part, the head is put on it, and it is passed 
through a similar hole in the fixed part. When a 
large annular radial flange on the grommet 
abuts the removable part, further pushing 
engages an external camming surface on the 
plunger with internal surfaces of the grommet, 
resulting in its expansion and the latching 
effect. Oecoupling requires only pushing the 
attachable head. 

For More Infonnation Write In No. 771 

Compact Solar 
Simulator with a 
Small Subtense Angle 
and Controlled 

Magnification Optics 
(U.S. Patent No. 5,568,366) 

Inventor: Kent S. Jefferies, Lewis 
Research Center 

This solar simulator is the first that will be 
used for vacuum-tank testing of a solar 
dynamic power system. Major disadvantages 
of prior-art simulators are their large size and 
high cost, and the large angular size of the 
light source or pseudosun, which in most sim
ulators has a diameter that subtends 4 
degrees or more. But test requirements call for 
an angular size of one degree, translating to 
1600 W/sq. m of radiant energy. The invention 
meets the requirement at reduced cost and 
volume. It uses a newly designed lamp module 
to create uniformity directly on a test plane, 
and a segmented turning mirror rather than a 
less efficient optical mixer. Cost and size are 
cut by reducing the number of lamp modules 
and by eliminating the prior art's collimating 
mirror. Efficiency is increased by controlled 
magnification optics that vary tangential mag
nification so that the product of tangential and 
sagittal magnification, and thus the intensity 
that reaches the test plane, is constant. 

For More Infonnatlon Write In No. 775 

Process for Non-Contact 
Removal of Organic 
Coatings from the 
Surface of Paintings 
(u.s. Patent No. 5,560.781) 

Inventors: Bruce A. Banks and Sharon 
K. Rutledge, Lewis Research Center 

To remove degraded organic protective coat
ings from paintings, previous methods typically 
called for immersing the painting in organic sol
vents or rolling a swab containing the solvent 
over the surface, both of which alter the pigment 
surface. In the new method, degraded organic 
coatings such as lacquers, acrylics, natural 
resins, and polyurethane are safely removed 
without contact with the surface. The painting is 
placed inside a vacuum chamber and exposed 
to an atomic oxygen directed beam generated 
by an electron cyclotron resonance plasma or 
other atomic oxygen source. The reaction of 
beam and coating produces a gaseous byprod
uct that is pumped out through the vacuum sys
tem. The atomic oxygen penetrates the organic 
coating, but does not react with the inorganic 
pigment particles. Low and high spots on the 
painting surface can both be cleaned without 
damage to the underlying pigment. 

For More Infonnation Write In No. 772 

Absorbent Pads for 
Containment, Neutralization, 
and Clean-Up of 
Environmental Spills 
Containing Chemically 
Reactive Agents 
(u.s. Patent No. 5,562,963) 

Inventor: Dennis D. Davis, Marshall 
Space Flight Center 

The development is a pad that absorbs a liq
uid spill and also neutralizes reactive agents 
within it. The pad 's porous surface carries an 
inert absorbent interior component which in turn 
surrounds another absorbent core bearing a 
chemical reagent capable of reacting with a 
toxic, dangerous, or just unwanted component 
of the spill. The absorbing component draws 
the liquid chemical spill through the porous sur
face to the core so that it is neutralized while 
being cleaned from the substrate. The core of 
the pad may be an acid for the neutralization of 
caustic spills, a base reagent for the neutraliza
tion of acid spills, a chelating or precipitating 
reagent for spills containing metallic salts in 
solution, or an oxidizing agent for reaction with 
spills containing organic materials such as the 
rocket fuel hydrazine. The flexible invention can 
be used for cleaning a whole host of noxious 
chemicals, and the pads containing the now 
harmless spill components are easily scooped 
up for safe disposal. 

For More Infonnatlon Write In No. 776 
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The easiest mixed-signal testing for $4,995.* 

The HP 54645D Mixed Signal 
Oscilloscope (MSO): Finally, seam
less integration of real scope and 
real timing analysis on the same 
scope screen. 
Here's a perfect example of why the whole 
is greater than th.e sum of its parts. 

The HP 54645D MSO integrates two 100 MHz, 
200 MSa/s analog charmels with 16 digital 
charmels for easier mixed-signal measure
ments. So much easier, in fact, you can 
measure up to 18 charmels simultaneously, 
and trigger on complex timing conditions. 
Try doing that with a 4-charmel scope. 

It's still the scope you know and love. 
The lIP 54645D looks, feels, and runs like 
a scope. So, just because we've added new 
logic analysis capability doesn't mean you 
have to acquire new skills. 

It's also the first scope to offer our new 

"U.s. list price 
- In Canada, can 1-800-276-8661, Dept. 277. 

e l 996 Hewlell>-Packard Co. TMEMD610lNASATB 

lIP MegaZoom technology. If you think 
the name sounds impressive, wait'U you 
see lIP's 54645D MSO pan through its 
Meg of captured data and zoom in on 
points of interest. 

On second thought, why wait? 

Call for your free demo. 
Check out this new breed of Mixed Signal 
Oscilloscope for yourself. For a free demo 
on CD-ROM or floppy disk, call lIP DIRECT 
at 1-800-452-4844*"; Ext. 2078. Or ask for 
Ext. 2079 to speak to an on-line engineer. 

And discover the most integral part of 
your mixed-signal testing solution. 

Download the demo from our web site at 
http://www.hp.coml.mfolmixsig1 

Faxbac1c 1-800-800-5281, Document 10105 

There is a better way. 

For More Information Write In No. 671 
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New Product Ideas 
New Product Ideas are just a 
few of the many innovations 
described in this issue of NASA 
Tech Briefs and having 
promising commercial 
applications. Each is discussed 
further on the referenced page 

in the appropriate 
section in this issue. If you 
are interested in developing a 
product from these or other 
NASA innovations, you can 
receive further technical 
information by requesting 

the TSP referenced at the 
end of the full-length article 
or by writing the Commercial 
Technology Office of the 
sponsoring NASA center 
(see page 14). 

Two-Way, Noncoherent 
Precise Doppler 
Measurement System 

erate all transmitter and receiver fre
quencies. The result is that complex
ity, input power. size, and cost are 
reduced. 

Self-Calibrating Signal
Conditioning Amplifier 

An analog signal-conditioning amplifier 
for use with a transducer repeatedly cali
brates itself using stable, accurate inter
nal voltages. The accuracy is maintained 
during warmup, variations in temperature 
and humidity, and aging of components. 
(See page 48.) 

This Doppler transceiver needs only 
one fixed-frequency oscillator to gen- (See page 46.) 

• Solid Aluminum Front Panel 

• EIA-310 19" Rack Mountable 

OmniViewTh
' & ECr" 

• Compact Ultra-Thin Packaging 

• Flexible All-Metal OEM Mounting 

• Adjustable Screen Position & Inputs 

• Custom Configurations Available 

18 For More Information Write In No. 435 

Measuring Photoinduced 
Surface Acoustic Waves 
byAFM 

A photo-surface-acoustic-wave/atom
ic-force microscopy is an experimental 
technique that may prove useful in 
obtaining high-resolution data on spatial 
variations in the chemical compositions 
of surface layers on solid objects. This 
technique could provide analytical chem
istry data at high spatial resolution. 
(See page 52.) 

Variable-Compliance Wrist 
for Robotic Manipulator 

This robot wrist can be rigid or compli
ant within a limited range of motion. The 
manipulator can thus be adapted to a 
variety of tasks; for example, insertion of 
an object into a cavity with a preCise fit. 
(See page 65.) 

Portable Drilling Apparatus 
for Subsurface Sampling 

This apparatus can acquire samples of 
subsurface material at depths of as 
much as 1 m. The apparatus could likely 
be designed for remote-controlled sam
pling of snow, ice, sand, soil, and soft 
rock in hazardous or otherwise inacces
sible locations. 
(See page 66.) 

Growing Three-Dimensional 
Corneal Tissue in a Bioreactor 

This method can be used to prepare 
corneal tissues either from in vitro cul
tures of a patient's own cells or from a 
well-defined culture from a human donor. 
The method could overcome the short
age of donated corneal tissue. 
(See page 74.) 
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Until you real ize we're refer
ring to the 0.5-micron incre
mental motion of our new TS 
Series translation stages. 

The TS Series gives you 
exceptional bi-directional 
repeatability, velocity, and 
accuracy. So it's the perfect 
choice for a whole stack 
of precision test, assembly, 
and research applications. 

And since the TS Series 
rounds out our precision 

motion product line, now 
you can look to Newport 
for stages with incremental 
motions from 0.025 to 100 
microns. Which means you're 
assured the precise combi
nation of price-performance 
your application needs. 

Now it's up to you to see if 
the TS Series fills a hole 
in your application. Just 
request our new catalog at 
1-800-222-6440. 

Or visit our website 
www.newport .com 

For details on the complete 
line 01 Newport precIsIon 
motion systems and products. 
reques our new 1997 Motion 
Control cala log today. 

USA: 8O().222-6440, 714-863·3144, Belg,um, 01&-402927. Canada, 905-567-0390. France, 1-60916868. Gennany, 06IS1·362I-O. 
It.lv, 02·924-5518. Nelhetlands, 03(H;S92111. S",l2efland, 01·741).2283. TaIwan R.O.C.· 886-2·506·2366. UK, 01635-S21757. 

For More Information Write In No. 656 
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doing it for 4,000 years. 
The transfonnation of sugars into alcohol by micro

scopic organisms has been known for a very long time. 
But only since the advent of genetic engineering is it 

feasible to think about harnessing the sophistication of 
biological ystems to create molecules that are difficult to 
synthesize by tractitional chemical methods. 

For example, the polymer polytrimethylene terephtha
late (3GI) has enhanced properties as compared to 
tractitional polyester (2GI). Yet commercialization has 
been slow to come because of the high cost of making 
trimethylene glycol (30), one of 3Gf's monomers. 

Working the bugs in 
The secret to producing 30 can be found in 
the cellular machinery of certain unrelated 
microorganisms. Some naturally occurring 
yeasts convert sugar to glycerol, while a few bacteria 
can change glycerol to 30. The rub is that no single natural 
organism has been able to do both. 

Through recombinant DNA technology, an alliance of scien
tists from DuPont and Oenencor International has created a 
ingle microorganism with all of the enzymes required to turn 

sugar into 30. This breakthrough is opening the door to low
co t, environmentally sound, large-scale production of 30. 
The eventual cost of 30 by this process is expected to 
approach that of ethylene glycol (20). 

is no Longer 
necessary A polymer for your thoughts 
° slart lVilh The 3Gf polymer produced using our biosynthesized 
a barrel oJ monomer has properties that exceed those of nonnal poly
LIO produce ester. It is resilient and can be molded or extruded into fibers. 
chemicals. The fibers are heal- ettable and can be stretched at least 15 
, be percent and recover without permanent "creep." They are ,om, ers, 
rice-iMm 
'JOlaloes

nakegreal 
"eed SIOC/cr. 

stable to moisture and resistant to most 
common food stains. yet can be readily 

dyed using the arne colors as conven
tional polyester. We foresee applica

on in markets such as apparel, 
home furnishings upholstery 

fa@c and carpet for 
I utomobile inte

rims. Even 30 
{/ h numerous 

ap lications. 

By combining it with various organic acids, polyols can 
be made as precursors to polyurethane elastomers and 
synthetic leathers. 

A break for the environment 
The 30 fermentation process requires no heavy metals, 
petroleum or toxic chemicals. In fact, the primary material 
comes from agriculture-glucose from cornstarch. Rather 
than releasing caJbon ctioxide to the atmosphere, the process 
actually captures it because com absorb CO2 as it grows. AU 
liquid effiuent is easily and harmlessly biodegradable. What's 
more, 3Gf can readily undergo methanolysis, a process that 
reduces polyester to their original monomers. Post-con
sumer polyesters can thus be repolymerized and recycled 
indefinitely. 

Can you playa role? 
Throughout DuPont's history, many of our biggest contnbu
tions have come to market through collaboration with other 
companies. Development of 3Gf could involve partnering 
with companie active in tractitional polymer processing, 
separations technologies recombinant D A techniques. 
com wet-milling and fermentation. If you possess these 
skills, or have ideas for end-use applications we'd like to hear 
from you. Fax us on company letterhead with an indication of 
your interests to: DuBonl Depl NT. 302-695-7615. Please 
limit your corre pondence to nonproprietary, public-domain 
information only. 

<[[J PUN}? 

ComJonahle, 
easy-care 

apparel l7U.l.Y 
soon be 

modewi!1! 
Jibersspun 

from 
chemicals 
thaI have 

been 
fermented 

from sugar. 

Better things for better living 

For More Information Write In No. 592 



ccomplished 

I n the mid-1950s, when Clark E. Beck, 
PE, of Wright-Patterson Air Force Base 

discovered and pioneered the develop
ment of radiant barrier technology for 
NASA and the space program, he could
n't have envisioned the variety of applica
tions for which the insulation material 
would someday be used. But today, 
thanks to Preston E. Smith and his com
pany, Tech 2000 of Roswell, GA, radiant 
barrier technology has been spun-off into 
products as diverse as energy-saving 
home insulation, candy wrappings, 
footwear inserts, and protective clothing. 

The radiation barrier has been in use 
by NASA since the Gemini and Apollo 
missions. The insulation was the prime 
element of the environmental control 
system that allowed Apollo 
astronauts to work inside the 
Command Module in shirt
sleeves, rather than in bulky 
space suits. The material main
tained constant , comfortable 
temperatures inside the space
craft, while temperatures out
side fluctuated from -273°C to 
+238°C. Made of aluminized 
polymer film, the material pro
vided a reflective surface that 
kept more than 95 percent of 
the radiated energy from reach
ing the interior of the space
craft. 

In addition, the radiant barrier 
was used to reduce the required 
thickness of the astronauts' 
space suits. Says Smith, "If it 
hadn't been for this technology, 
the U.S. space suit would have 
been seven feet thick." Since the 
Gemini and Apollo missions, the 
radiant barrier has been used on 
virtually all spacecraft, including 
unmanned missions where instru
ments require thermal protection. 
It is used in the current fleet of 
space shuttles to protect the on
board computers. 

slightly more than 17 pounds per thou
sand square feet, the material reflects 97 
percent of the heat that strikes it. 

All objects radiate heat - from wood to 
glass, and even ice. Energy Q works by 
reflecting 95 percent of radiant energy, 
which is the flow of invisible infrared rays 
from an object's surface. When installed 
in an attic, for example, it helps keep a 
building warmer in the winter and cooler 
in the summer, and is more environmen
tally friendly than traditional insulation 
such as fiberglass. 

In new construction, the radiant barrier 
is placed between the wall studs and the 
exterior facing prior to the addition of alu
minum, vinyl, or wood siding. In new roof 
installation, it is placed between the roof 

supports and the roof sheathing. When 
remodeling, the radiant barrier is placed 
on top of insulation blankets on the attic 
floor to reflect energy. In California, new 
homeowners using Energy Q insulation in 
their attics are given energy credits. 

Terrestrial Uses for 
Space Technology 

Inside a structure, the material can be 
used to wrap hot water pipes or tanks; 
insulate and provide a vapor barrier for 
steam baths or saunas; insulate steam 
pipes, refrigerant lines, heating, ventilat
ing, or air conditioning ducts; line refrig
erated holds on fishing vessels or in 
food-transport trailers; and insulate boats 
and aircraft. 

On farms, the material protects 
livestock in stalls and stables, 
and insulates poultry and rabbit 
facilities. It also may have appli
cation as liners beneath the 
pavement on bridges in areas 
where cold weather causes 
them to freeze over, and beneath 
golf courses and parks to wrap 
sprinkler pipes. 

Energy Q was used to cover a 
commercial gas-fired boiler room 
in a school, reducing the room 
temperature by 15°. As a result, 
the room above the boiler room 
was able to be used as a class
room . The material also in
creased the performance of a 
shrink-wrap oven used to shrink 
plastic protective coverings over 
auto seats before shipping. The 
barrier successfully reflected the 
energy inward. Smith estimates 
that in these applications, the 
suppliers realized a payback of 
30 days of energy savings. 

The material, called Energy Q , 

is made of 99 percent pure alu
minum with a fire-resistant 
polypropylene insert. Small holes 
allow moisture to escape, while 
keeping longer heat waves from 
getting through. Weighing only 

Radiant barrier insulation was used to wrap the Hubble 
Space Telescope, protecting it from extreme temperatures. 
Heat was reflected away from the telescope, while the heat 
from the instruments inside was maintained to provide 
them with a suitable working environment. 

Tech 2000 has found uses for 
Energy Q as insulation in auto
mobiles and trucks to protect 
passengers from engine, solar, 
and exhaust heat. NASCAR driv
ers use it to help protect them 
from the extremely high temper
atures encountered in the vehi
cles' cockpits. (See Mission 
Accomplished, NASA Tech 
Briefs , August 1996, page 20.) 

(continued on page 24) 
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Built to match the speed of the 
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~~~ .~~ 
S ccomplisbed (continued) 

The potential applications of this mate
rial are just beginning to be realized. 
Clothing can be made with the material 
as an insulator; fire fighters' protective 
suits incorporate Energy Q, as do subze
ro liners for sleeping bags and emer
gency care thermal blankets. In the food 
transportation and storage field, Energy 
Q is used in refrigerated vans, railroad 
cars, picnic coolers, and pizza delivery 
bags. Seafood companies are using it to 
insulate bags and to line bulk containers. 

Smith's company in
cludes seven new prod
uct divisions and is 
exploring joint ventures 
worldwide to manufac
ture its products. Said 
Smith, "For years peo
ple laughed at me. They 
called me the tin man. 
But you tell me where 
there's not hot or cold, 
and I'll tell you where it 
won't work." 

For more information 
on Energy Q products, 
contact Tech 2000 at 

In recognition of the commercial value 
of the Tech 2000-patented radiant barri
er material, Smith was inducted last year 
into the U.S. Space Foundation 's Space 
Technology Hall of Fame in Colorado 
Springs, CO. The Energy Q products 
also are featured as part of a 32-city tour 
conducted by NASA that began last 
summer and runs through this year. 

770 Old Roswell Place, The EZ Steamer restaurant and food service steam oven 
Ste. J200, Roswell, GA incorporates Energy Q insulation in the cooking compart-
30076; Tel: 770-642- ment, maximizing heating efficiency. 
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Here's a full-featured test and mea

surement package that will surprise 
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D Aerospike Controller Test System 
This is a relatively inexpensive electronic system for testing hardware on a research aircraft. 

Oryden Flight Research Center, Edwards, California 

The Aerospike Controller Test 
System is a versatile, modular 
digital/analog electronic system that 
has been designed for use in testing 
aircraft hardware and software for the 
Linear Aerospike SR-71 Experiment 
(LASRE) and that is also adaptable to 
other aircraft-testing projects . The 
LASRE demonstrates the Linear 
Aerospike rocket engine, which is a 
candidate for use in future reusable 
launch aerospace vehicles: For this 
purpose, a 10-percent-scale, half-span 
model of a reusable launch vehicle con
taining a working scale model of the 
Linear Aerospike engine is mounted on 
a modified NASA SR-71A Blackbird air
plane (see Figure 1). 

The system includes an inexpensive 
multiprocessor, UNIX-based computer 
workstation that runs various simula
tion mathematical models, controls 
input and output (I/O), and controls a 
monitor that displays a simulated cock
pit control panel. The system also pro
vides power, protection, and signal 
conditioning for all connections to air
craft hardware. 

The primary aircraft component 
under test is the LASRE controller - a 
device that controls the flow of fuel and 
coolant to the experimental Linear 
Aerospike engine. The LASRE con
troller requires a combination of analog 
and discrete signals, a stream of digital 
signals in RS-422 standard format, and 
a stream of pulse-code-modulated 
(PCM) signals to operate. 

The system (see Figure 2) includes 
an I/O subsystem housed in a Versa
Module Eurocard (VME) chassis. The 
I/O subsystem contains off-the-shelf 
circuit cards that function as digital-to
analog converters (DACs), receive 
input discrete signals, and transmit 

Figure 1. This Artist's Rendering (courtesy of Lockheed) shows an SR-71A airplane with a 
half-span, tenth-scale working model of the Linear Aerospike engine mounted at the tail. 

output discrete signals. The signals 
handled by these circuit cards are sim
ulated versions of the signals produced 
by experiment sensors, experiment 
valves, motor clutches, and cockpit 
controls. A serial data stream in RS-
422 format is also used to communi
cate with the aircraft hardware. An RS-
232-to-RS-422 converter is used to 
convert the RS-232 stream coming 
from the VME chassis. 

The DACs are used to simulate the 
experiment sensor pressure and tem
perature signals. These signals are 
inputs to the PCM subsystem to com
municate sensor information to the 
LASRE controller. The simulation sys
tem decommutates the PCM stream to 
obtain data on the health and status of 
the LASRE controller. 

The simulation system is designed to 
be modular to provide for rapid recon
figuration. This feature makes it possi
ble to replace software models with real 
aircraft components. This capability 
was demonstrated when there arose a 
need to include an Allied Signal con
troller in the simulation system. 

The cockpit displays and controls are 
presented to a technician or operator 
on the monitor, which is housed in an 
equipment rack. The UNIX workstation 
that serves as the system simulation 
computer can be used as a dedicated 
platform to develop various software 
scripts for test procedures. The scripts 
make it possible to automate testing. 

The use of a desktop computer 
workstation and off-the-shelf interface 
cards makes it possible for this system 

tr----, Shared Memory ,...-__________ ----, 

~ Interface 

UIrJ · 

Aerospike System 
Simulation Workstation 

I/O Subsystem 

t39 Discrete 
Signals 

LASRE Controller 

RS-232·to·RS-422 Converter 

RS-422 
Stream 

Allied Signal Controller 
------------;.------+------------~--~--+------------

Aircraft Hardware Serial 
Stream 

Aircraft Hardware Aircraft Hardware 

Figure 2. The Aerospike Controller Test System is a "hardware-in-the-Ioop· system that makes the testing, validation and verification of mod
ifications, and improvements to the aircraft hardware simpler and less expensive than they were in previous aircraft projects. With its reduced 
cost, this system offers an opportunity for utilization of advanced testing techniques in future projects that are constrained by low budgets. 
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to be contained entirely within one 6-ft 
(1.8-m}-tall equipment rack. This com
pactness affords portability, making it 
possible to use the system at the 
research airplane as well as in a labora-

tory environment. Previously, a system 
of this type would have included a 
separate simulation computer, an 
interface/signal-conditioning equipment 
rack, and an aircraft hardware rack. 

This work was done by Gary V. 
Kellogg and Ken A. Norlin of Dryden 
Flight Research Center. No further 
documentation is available. 
ORC-96-S4 

, Measuring Depths in ICs Using a-Particle-Induced Upsets 
Upsettable test SRAMs are incorporated into ICs to measure a-particle penetration. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A method of determining the thick
nesses of metal and other overlayers 
on integrated circuits (ICs) has been 
derived from recent developments in 
the use of static random-access 
memory (SRAM) ICs as ionizing-radia
tion sensors. Heretofore, such thick
nesses have been measured, various
ly, by cross-sectioning (which is time
consuming) or ellipsometry (which 
requires specimen areas larger than 
typical integrated-circuit features). 
The present method takes less time 
than sectioning does, and can be 

used on specimen areas smaller than 
those required for ellipsometry. 

As a prerequisite to use of this 
method, a SRAM that is upsettable 
(susceptible to ionizing-radiation
induced changes in its binary logic 
states) must be incorporated to an IC 
as an integral part during design and 
fabrication. A SRAM of the type used 
in this method is composed of tradi
tional six-transistor, two-inverter cells, 
with a total memory capacity of 4KB. 
The figure presents schematic cross 
sections of the two inverters. 

In preparation for a test according to 
this method, zeros are written into all 
the cells of the SRAM, then the SRAM 
is biased (as explained below) to obtain 
the specified degree of susceptibility to 
upset. During the test, the IC is 
exposed to a beam of energetic a par
tic�es. As they pass through the IC, 
energetic a particles create hole/elec
tron pairs. If enough hole/electron 
charge is deposited in the layer labeled 
"collection layer" in the lower inverter in 
the figure, the memory cell becomes 
upset. At the end of the test, the SRAM 
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cells in which upsets have occurred are 
counted to obtain statistical measures of 
radiation doses. Inasmuch as the radia-

tion doses depend partly on absorption 
of radiation in (and thus thicknesses of) 
overlying layers, the measurement data 

can be inverted to estimate the thick
nesses, provided that calibration data 
have been acquired for SRAMS of the 
same design with known overlying mate
rials of known thicknesses. 

a-Particle Track 

In using a SRAM as a radiation sen
sor, one exploits a metastable state that 
lies between two stable states of a flip
flop circuit, these stable states corre
sponding to binary logic states. The 
upset behavior of the cell can be char
acterized partly by an offset voltage 
connected to the upper inverter in the 
figure. The susceptibility of the cell to 
upset can be adjusted by biasing the 
upper inverter relative to the metastable 
state; when the bias places the state of 
the cell close to the metastable state, 
an a or other ionizing particle that cre
ates a small amount of charge in the 
collection zone can upset the cell . 

This work was done by Martin G. 
Dp = p-Drain 
Dn = n-Drain 
Mp = p-FET 

Mn = n-FET Buehler, George A. Soli, and Melvin Reier 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, 
write in 66 on the TSP Request Card. 
NPO-19611 

FET = Field-Effect Transistor 

A Memory Cell Can Be Upset when an energetic a. particle excites sufficient numbers of 
electrons and holes in the collection zone under the drain marked "Dn2." 

a. Device Deembedding From Waveguide Simulator Test 
Scattering parameters of a device in a planar array are determined by 
measurement and computation. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A method that combines measure
ments in a novel microwave testing 
apparatus and computational simula
tions has been devised for determining 
the microwave-scattering parameters 
of a single electronic device. The 
device may also be applied to a sub
assembly of devices in a quasi-optical 
periodic planar array of such devices. 
An array of the type in question would 
typically be a grid amplifier (also denot
ed an amplifying grid array), in which 
the unit cells of the periodic array 
would contain amplifiers, antennas, 
and other circuit elements. 

In general, the determination of elec
trical characteristics of a device under 
test, as though these characteristics 
could be measured in situ with non per
turbing probes, is called "deem bed
ding.· The present method of deem
bedding is made possible by (1) recent 
advances in techniques for numerical 
simulation, including contributions to a 
generalized scattering-matrix technique 
that make it possible to mathematically 
separate the scattering matrix of a 
device under test (DUD from the scat
tering matrix of a test article that con-
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A Single Device Is Tested in a waveguide simulator to determine the microwave scattering 
parameters of the device. 
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tains the OUT; and (2) the insight that 
generalized scattering matrices like 
those applied to periodic planar arrays 
could also be adapted to waveguides. 

The experimental part of the present 
method involves measurements of scat
tering characteristics in an apparatus, 
called a "waveguide simulator," that 
includes a square-cross-section wave
guide with orthomode junctions at its 
ends. The OUT is not mounted in the 
array in which it would ordinarily oper
ate and is not connected to a 
microstrip, slot, or coplanar transmis
sion line, but to the radiating dipole ele
ments to which it would be connected 
in the array. For a one-port measure-

ment, the OUT is mounted at the center 
of a small dipole patch antenna on a 
dielectric board at the midplane of the 
waveguide (see figure). By suitable 
mathematical modeling, the scattering 
characteristics measured with a single 
OUT in this apparatus can be related to 
those of an infinite periodic planar array 
of identical devices. 

The scattering matrices of the ortho
mode junctions are determined experi
mentally. A numerical simulation is per
formed to obtain the scattering matrix of 
the unit cell of the periodic planar array 
defined by the dielectric board, includ
ing the port where the OUT is placed. 
Then the scattering parameters of the 

OUT can be determined from the scat
tering parameters measured at the 
external ports of the orthomode junc
tions. Although a one-port device is 
shown, the method has also been used 
to find the scattering parameters of two
port devices. For example, the scatter
ing parameters of a differential pair high
electron-mobility transistor (HEMl) were 
measured. Such a differential pair is 
commonly used in grid amplifiers. 

This work was done by Larry W Epp of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information. 
write in 63 on the TSP Request Card. 
NPO-19554 

~ Cryogenic System for Testing Microwave Electronic Devices 
Tests can be performed at temperatures down to 37 K. 
Lewis Research Center, Cleveland, Ohio 

The figure shows a system of labora
tory eqUipment, called the "CryoProbe 
Station," for automated testing of tran
sistors, integrated circuits, and other 
devices that are designed to operate at 
microwave frequencies and at low tem
peratures. The system includes a cryo
genic probe fixture, which provides 
nearly direct electrical connections 
between each device under test and 
external test equipment. eliminating the 
need for wire bonds or special test fix
tures that could interfere with measure
ments. The cryogenic probe fixture 
includes a stage of 1 by 2 in. (2.54 by 
5.08 cm), which is large enough to 
simultaneously hold both calibration 
samples and circuits to be tested. 

The cryogenic probe fixture is located 
in a vacuum chamber. Commercial 

OVERALL SYSTEM 

microwave probes with flexible tips are 
used to make contact with devices on 
the stage. The probes are mechanically 
connected, via couplings sealed by metal 
bellows, to manipulator mechanisms out
side the vacuum system; these mecha
nisms are capable of positioning the 
probes with a resolution of 0.1 mil 
(0.0025 mm) anywhere over the stage. 
The vacuum chamber is equipped with 
windows, and a zoom stereoscopic 
microscope is provided for viewing the 
devices and probes through the windows 
to guide positioning of the probe tips. 

The stage is made of a block of cop
per and is mounted on a cooling head. 
Both the stage and the cooling head are 
equipped with silicon temperature sen
sors. In operation, the chamber is evac
uated, then liquid nitrogen or liquid heli-

um is introduced into the cooling head. 
The minimum temperature achievable 
with liquid nitrogen or helium is 80 or 37 
K, respectively. By use of a small heater 
and an external temperature-control cir
cuit connected to the temperature sen
sors, the temperature of the stage can 
be stabilized to within 0.2 K of a set 
value slightly above the minimum 
achievable temperature. 

The external test equipment operat
ed in conjunction with this system 
could be, for example, an automatic 
network analyzer or a noise-figure 
meter. The system with an automatic 
network analyzer has been used to 
measure the S-parameters (transmis
sion and reflection coefficients indexed 
to input and output ports) of high-elec
tron-mobility transistors (HEMTs) and of 

CHAMBER 

The CryoProbe Station is a laboratory system that provides low temperature and electrical connections for testing microwave electronic devices. 

NASA Tech Briefs, February 1997 www.nasatech.com 33 



circuits containing field-effect transistors 
and transmission lines, at frequencies 
from 0.045 to 26.5 GHz. The system 
with a noise-figure meter has been used 
to measure the frequency dependence 
of noise in HEMTs at a temperature of 
77 K as well as at room temperature. 

This work was done by Susan 
Reinecke, Samuel A. A/terovitz, Ben T. 
Ebihara, and Robert R. Romanofsky of 
Lewis Research Center and Paul G. 
Young of the University of Toledo. For fur
ther information, write in 30 on the TSP 
Request Card. 

Inquiries conceming rights for the com
mercial use of this invention should be 
addressed to NASA Lewis Research 
Center; Commercial Technology Office, 
Attn: Tech Brief Patent Status, Mail Stop 
7-3, 21000 Brookpark Rd., Cleveland, 
OH 44135. Refer to LEW-16312. 

® Laboratory Portable Infrared Reflectometer 
The size of the surface to be characterized is not limited. 
Marshall Space Flight Center, Alabama 

The figure illustrates the laboratory 
portable infrared reflectometer (LPIR) for 
measuring the directional-hemispherical 
infrared reflectance and thermal radiative 
properties of large and small surfaces. 
The LPIR is based on a combination of 
(1) the same basic measurement princi
ple as that of older laboratory instru
ments that contain 27t steradian. reflec
tors and are used to measure total hemi
spherical reflectances and (2) the optical 
properties of the Coblentz sphere, which 
has long been used in measuring total 
integrated scatter. 

Conventional instruments cannot be 
used to characterize a large surface 
unless small specimens are cut from the 
surface or witness samples are pre
pared. This is because the optical 
design of the instrument demands a 
specimen that fits within a small area. 
The most important advantage of the 
Coblentz sphere is that the specimen is 
placed slightly outside of the instrument, 
so that there is not any limit on the size 
of the surface that can be surveyed; the 
specimen can be a small area on a large 
surface, the instrument can be brought 
to the surface, and there is no need to 
cut small specimens from the surface. 

The inner surface of the dome of the 
LPIR is a spherical concave imaging 
reflector. Unlike a traditional Coblentz 
sphere, this reflector is not used to col
lect light scattered from the specimen; 
instead, its imaging function is to evenly 
focus infrared light from a source (or an 
apparent source) onto the specimen 
from all angles. For this purpose, it is 
necessary to place the specimen and 
the source (or apparent source) at con
jugate foci of the reflector. In general, 
conjugate foci of a concave spherical 
reflector are located equal distances in 
opposite directions slightly off the center 
of the sphere. In the case of the LPIR, 
the foci are chosen so that the source 
(or apparent source) of light is located at 
one focus slightly to the right of center 
and slightly above the rim of the reflector 
dome; the other focus, where the spec
imen must be placed, is slightly left of 
center and slightly below the rim. 

In the version of the LPIR shown in the 
left part of the figure, a beam of infrared 
light is generated outside the reflector 
dome and aimed into the dome through 
a small opening onto a small fourth
order-aspherical diverging reflector 
located at one of the foci. Thus, the 

/ 
,~/ / 

+ -Apparent Source: 
Aspherical 

Diversing Reflector 
Center of 

apparent source of light is approximate
ly a point source located at the focus 
inside the small diverging reflector. This 
diverger is designed to work in conjunc
tion with the sphere so that the sample 
is evenly illuminated from all angles with
in 27t steradian. In the version of the 
LPIR shown in the right part of the figure, 
the source of infrared radiation is a tung
sten/halogen lamp with a hemispherical 
quartz envelope that is painted with a 
high-temperature ceramic gray-body 
coating. Note that this allows a full 27t 
steradian to be collected as compared 
to a much smaller angle (0.17t steradian) 
in the other setup. 

The light from the source or apparent 
source illuminates the reflector uniformly, 
and the reflected light illuminates the 
specimen . Through a small opening 
near the top of the reflector dome, a 
photodetector alternately measures light 
reflected from the specimen and light 
emitted by the source (or apparent 
source). The photodetector and its 
optics are carefully sized such that the 
projected measurement area at the sur
face of the sphere is the same for both 
measurements. The total hemispherical 
reflectance, p of the specimen is then 

I 
/ 

tl/ / 
- Hemispherical 

Infrared Source 

Cantero! 
Coblentz Sphere 

VERSION 1: SOURCE LOCATED OUTSIDE 
Coblentz Sphere 

VERSION 2: SOURCE LOCATED INSIDE 

The Laboratory Portable Infrared Reflectometer, the Coblentz sphere allows large and small samples to be measured. 

34 www.nasatech.com NASA Tech Briefs, February 1997 



given p = ISPEC,Me!(/SOURC£PREflECToo), 
where ISPECIMEN and ISQIJCE denote the 
photodetector readings during the spec
imen and source measurements, respec
tively, and /JRER.EcTOR denotes the known 
reflectance of the imaging reflector. 

This work was done by Donald R. 
Wilkes, John S. Harchanko, and Edgar R. 
Miller of AZ Technology, Inc., for 
Marshall Space Flight Center. For fur
ther information, write in 28 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Marshall Space Right Center; (205) 544-
0021. Refer to MFS-26326. 

~ Technique for Measuring Microwave Surface Conductivities 
An automatic network analyzer is used in conjunction with a resonant cavity. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

An improved technique for measuring 
the surface electrical conductivities of 
materials at microwave frequencies is 
derived from an older technique that 
involves measurement of the magnitude 
of the transmission-coefficient scattering 
parameter (S21) at and near the frequen
cy, fr, of the TEall resonant mode of a 
round cyfindrical microwave cavity. The 
need for this technique arises in connec
tion with analyzing the dissipative losses 
of microwave waveguide and antenna 
components made of various materials. 
Because surface conductivities at 
microwave frequencies differ from those 
at dc and can be affected by surface fin
ishes and surface chemical treatments, 
it is necessary to measure the surface 
conductivities in the frequency ranges of 
the intended applications. 

In the improved technique as in the 
older technique, one of the two end sur
faces of the cavity is covered with a 
plate specimen of the material of interest 
(see Figure 1). Then IS21 1 is measured as 
a function of frequency. From the mea
surement data, one determines the fre
quency of minimum insertion loss (max
imum IS21 1) and the frequencies at which 
IS211 is 3 dB below the maXimum. 
Nominally, the frequency of maximum 
IS2,1 is fro From these frequencies, one 
determines the resonance quality factor 
(Q) of the cavity. 

The Q increases with the sharpness of 
the resonance peak; that is, it increases 
with the ratio between f. and the differ
ence between the 3-dB frequencies. Q 
is related in a known way to the surface 
conductivity of the specimen, and the 
surface conductivity of the specimen 
can thus be determined from the effect 
of the specimen on Q . 

In the older technique, the measure
ments of IS211 vs. frequency were per
formed manually. Because of frequency 
drift and jitter, the frequencies of the 3-
dB points could not be measured to a 
resolution finer than 1 kHz. In the 
improved technique, the 3-db points are 
measured to a resolution of 0.1 kHz due 
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Figure 1. The Specimen Is Placed over the open end of the cavity, and the measurements 
and calculations described in the text are performed. The cavity is nominally resonant at 
8.420 GHz. 

to rapid measurements and averaging 
performed through the use of an auto
matic network analyzer under computer 
control; as a result, the Q is measured 
more accurately. On command, the 
apparatus finds the frequency of maxi
mum IS2,I and the 3-dB frequencies and 
generates a video display and/or a print-
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out of a plot of IS2,1 vs. frequency (see 
Figure 2) . 

This work was done by Tom Y. Otoshi 
and Manuel M. Franco of Ca/tech for 
NASA's Jet Propulsion Laboratory. 
For further information, write in 4 on the 
TSP Request Card. 
NPO-19752 

8.4218831 GHz 
-24.654 dB 

8.4211 8.42165 

Frequency. GHz 

8.4222 

Figure 2. This Plot Was Obtained From Measurements taken with a copper specimen cov
ering the opening in the cavity. 
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I -$ Test & Measurement 

Spatial Positioning Systems, 
Reston, VA, has introduced the 
Odyssey position measure
ment system, which incorpo
rates the Odyssey 3D coordinate 
measurement instrument with 
envirorunental sensors for envi
ronmental engineering surveys 
and robot vehicle tracking with
in hazardous areas. It can be 
integrated with many commer
cial instruments. 

The handheld measurement 
wand can guide the user to points where instrument sensor readings must 
be taken. Once at the point, the user activates the data collector to capture 
the output from the instrument. The system automatically tags the sensor 
output with the 3D coordinate of the sensor's position. The system uses sta
tionary laser transmitters and mobile optical receivers to instantly measure 
and record the data. Captured data can be displayed using a 3D CAD 
model or graphically using computer software. 

For More Infonnation Write In No. 735 

The Model HDllO digital multi
meter from Wavetek, San Diego, 
CA, is drop-proof and water/ 
splash-proof, allowing operation 
outdoors in any environment. 
The unit features lS00-hour bat
tery life, a measuring range of 
lS00 VDC 1000 VAC and AC/DC 
current to lOA. It measures resis
tance to 20 M!l and has 6 kV 
transient overload protection. 

The over-sized display has 0.8" 
characters, allOwing users to read 
results at a glance. The handheld 
unit features diode and continuity 
testing, and 0.1 % accuracy. It is 
priced at $219.9S. 

For More Information Write In No. 737 

Hardy Instruments, San Diego, CA, 
offers the HI 570 1 VT vibration 
transmitter, a two-wire, loop-pow
ered transmitter for measuring 
vibration on machinery such as 
pumps, fans , blowers, motors, and 
mixers. It provides two types of sig
nals: one for the process engineer 
and one for the vibration analyst. 

The transmitter attaches directly 
to a bearing housing or other mea
surement point on a machine. It 
converts the vibration signal from 4 
to 20 rnA proponional to velocity, 
allowing the process engineer to 
trend the vibration using a pro
grammable logic controller or dis
tributed control system. 

For More Information Write In No. 739 

Sierra Instruments, 
Monterey, CA, has 
introduced the Mass
Trak now controller, 
which measures and 
controls gas mass flow 
rates. An integrated 
proponional control 
valve provides one
step control of critical 
gas flows. The con
troller can be used as a 
replacement for volu

metric flow measurement devices that are sensitive to changes in operating 
temperature and pressure. 

The unit's on-board display and set point control eliminate the need for 
separate power supply and readout electronics. It is available for flow rates 
up to SO standard liters per minute and features a large-diameter straight 
sensor tube to prevent clogging and contamination. Control accuracy is 
±l.S% of full scale. 

For More Information Write In No. 736 

MTS Systems Corp., Eden Prairie, MN, 
has announced the TestStar" Ils digital 
servohydraulic test control system for 
general materials and component test
ing applications in the microelectronics, 
materials, biomechanics, aerospace, 
automotive, and laboratory areas. The 
control system covers a range of testing 
requirements, from monotonic testing 
such as tensile and flex, to complex 
tests such as fatigue, fracture mechan
ics, and service history simulation. 

The system incorporates a single
channel, single-station controller and a 

personal computer with Basic TestWare~ , an application that enables users 
to configure and run simple tests. Optional MultiPurpose TestWare soft
ware is available for creating and running a variety of test programs. The 
system software runs on Windows NT, providing compatibility with com
mon software for data display, analYSiS, and management. 

For More Infonnation Write In No. 738 

The 740 Series document
ing process calibrator from 
Fluke Corp., Everett, WA, is 
available with six new pres
sure modules: the -700PA3, 
-700PA4, -700PA5 , and 
-700PA6 perform absolute 
pressure measurements to 
100 psi; and the -700PV3 
and -700PV4, which pro
vide vacuum measurements 

to IS psi. Reading rate for the six modules is 2 per second. 
The modules are fully interchangeable and feature internal temperature 

compensation for full accuracy from O°C to SO°C. Pressure ranges to 
10,000 psi are available. The modules are din-, dust-, and moisture-resis
tant and come with a metric adapter. Fittings are made of 316 stainless steel 
or Hastelloy C276 and have internal mechanical supports. Pressure read
ings can be displayed in ten different units, including psi, mmHg, or kPa. 
The modules are priced at $995 each. 

For More Infonnation Write In No. 740 
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New release! 

AT LA B®5 
The Language of 

Technical COInputing 

New features include: 
• Data structures and types, including multidimensional arrays 

and user-definable objects 

• Programming environment with visual debugging, interactive 
performance optimization, and online references 

• Interactive graphical interface (GUI) layout and development 

• Fast, accurate advanced visualization and 3-D modeling 

• Visual interfaces for Signal Proce sing and Control ystem 
Toolboxes and a new release of SIMULINK· 

Available Now! 
Call 508-647-7000 

To find out more about MATlAB 5, SIMUUNK 2, and new Toolbox updates, 
call and request kit KP167, your free copy of MATlAB 5 News & Notes. 

hHp:/ /www.mathworks.com 

New editor/debugger simplifies 
MATUB code development 
for analysis. algorithm design. 
and system proto typing. 

MATLAB lets you model 
complex data graphically. 
Here, lighting effects highlight 
topography data. Source: NOAA. 

YIutb, tnt. • 24 Mne Park Way, MAOI760 · 111: (508)647·7000 · lax: (501)647·7101 • HnGi InfoCmathworts.com . hnyJfnw.llllrthwofts.cGm 
The Ma"WorI, .. ~ n, AuItnII:. 61·2-9922~11 • BeneIux:. 3H)182·53-1644·BId: + 55-11-816-3144' Czech FIepI.DIic: + 42-2.Q1.#.174· FtInce: • 01-33-41-1W·14· GennanylAustrIo:. 49-241-470750 

!nell: + 91-80-5-549338'1IrIII: + 972-3-561-5151 • 1liiy: +3l-11·2~ · JapIn: + 81-3-597&-5410 ' Kotee: + 82-2-556-1257 ' New ZeoIond:. 64-7-839-9102 ' PuIond:. <18-12·17·33-48 ' ScandInrtIo: • UI5-30-22 
~. 65-842-4222 ' South AII1cI:. 27·11-400-2695 ' SpoIrVPcrtugoI: + 34-(9j3-0415-49-04 • Swltzer1and:. 41·31-882-W18 · TIIwan:. 886-2-501-8787 ' Unfted KIngdom: + 44-1~23-200 

C 1997 The -. Inc. AI Rlghts _ MATlAB. SIMUUNK. and 0Che< products are regiStered ~ and tradom811<s 01 The MathWorks. Inc. 

For More Information Write In No. 520 



I -$ Test & Measurement 

The Model 262 portable 
renectometer from Dyn
Optics, Laguna Hills, CA, 
incorporates fiber optics 
in a probe that is touched 
to the surface to be mea
su red. The reflectance is 
then displayed on the dig
ital meter. The instrument 
is calibrated by inserting 
the probe into the calibra
tion port and adjustmg 
the calibration poten
tiometer so that the digital 
meter indicates 100%. 

The instrument mea
sures the reflectance of the 
surface touched by the 

probe and can be used on flat or curved surfaces. 

For More Information Write In No. 745 

resolution to 1 part in SOO,OOO. 

The Super Count
N 

electronic 
counting scale from Setra 
Systems, Boxborough, MA, 
comes with a built-in memo
ry capable of storing up to 
2S6 part numbers, their 
associated average piece 
weight, and the tare weight 
of the containers. The scale 
employs a patented variable 
capacitance technology to 
provide an internal counting 

The scale can distinguish incremental weights as small as 0.0002 percent 
of capacity. It is available in seven weighing capacities from 2.2 to 110 lbs. 
and features a multi-function keyboard that allows users to enter up to 12 
fields of data , including part number, lot number, time and date, tare 
weight, and APW for record-keeping. Other features include selectable 
accuracy from 9S to 99.99%, overload protection, optional 30-hour bat
tery, and supervisory controls. 

For More Information Write In No. 743 

accommodate most corrosive fluids. 

Cole-Parmer Instrument, 
Vernon Hills, IL, offers an 
electron ic n owmeter/ 
accumulator, which fea
tures integral display 
with accumulation. A 
rotating turbine detector 
generates an electronic 
signal, which is trans
formed into a six-digit 
readout. The meters are 
available with four differ
ent housing materials to 

The meters have an average battery life of 2000 hours and are replace
able. Optional equipment includes nozzles, hose assemblies, and calibra
tion contamers. 

For More Information Write In No. 741 

Barnant, Barrington, IL, 
has introduced the I-Safe 
thermocouple thermome
ters for most portable tem
perature measurement and 
monitoring applications. 
The units feature UL and 
cUL Intrinsically Safe rat
ings' and are CE-certified 
for electromagnetic com

patibility. Five instruments are available: three standard models, in Type J, 
K, or T veTSlons; the Dual InputJ-T-E-K, a dual-input, multi-function meter 
\vith two-point calibration; and the DuaLogR*, a dual-input temperature 
logger with infrared data transmission output capable of logging up to 
1,000 readings in real time. 

All models include a calibration lock-in feature to prevent tampering. The 
units feature impact-resistant ABS/polycarbonate cases with built-in stands 
and sealed silicone rubber keypads. They are IP-S4 rated for splash and 
dust resistance. 

For More Information Write In No. 742 

Dwyer Instruments, Love Controls Div. , 
Michigan City, IN , has introduced the 
Series IR infrared thermometer for mea
suring the temperature of hard-to-reach, 
hazardous, or moving materials. The non
contact unit can be used for troubleshoot
ing' preventative maintenance, quality con
trol, or early detection of heat problems in 
machinery and equipment. It is trigger
operated and features a distance-to-target 
size ratio of 8: 1. 

Three models are available with accura
cy of ±2 % of reading and repeatability of 
±l % of reading. The standard Model IR 
100 measures temperatures from -20 to 
400°C and features display hold. 

Emissivity is fLXed at 0.9S to measure concrete, asphalt, rubber, and oxi
dized materials. Models IR2lO and IR211 measure temperatures from -20 
to SOO°C and feature adjustable emissivity. All models are battery-operated, 
measure S.3" x 1.0" x 7.7" , and weigh 9.S ounces. 

For More Information Write In No. 744 

Tegam, Geneva, OH, has 
introduced the SGSOSO 2.S 
Ghz leveled sine wave gen
erator for automated scope 
calibration applications in 
the TMSOOO format. It is 
compatible with most lab 
and calibration software, 
including Met/Cal, Sure Cal, 
and LabVlEW 

Users may upgrade exist-
ing TMSOOO scope calibra

tors by plugging in the SGSOSO unit, which is compatible with existing 
TMSOOO mam&ames and plug-ins. Existing automated scope calibration 
capability can be increased with leveled sine wave generation to 2.5 GHz. 

For More Information Write In No. 746 
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World's 1st large-scale 3D digitizer! 

Odyssey's laser technology deliv
ers easy, accurate, and instant 
measurement of 3D coordinates. 
Unlike other measurement instru
ments, Odyssey is like having your 
own large-scale 3D digitizer! Use 
Odyssey both indoors or out in a 
wide variety of settings and envi
ronmental conditions. 

Odyssey saves time. 
Using Odyssey's portable 
receivers, there is no limit to the 
number of points you can mea
sure. Measurement tasks that 
used to take hours now take 
only minutes. Simply touch the 
point to measure its position. 

Right the first tJme. 
o matter how complex the job. 

Odyssey makes measurements as 
accurate as they are effortless. 
Take advantage of millimeter-level 

Call today for more 
Information: 
(800) 340-6388. 

accuracy and real-time 3D coordi-@ Spatial 
nates at the point being mea- . Positioning 
sured. With Odyssey you can / Systems 
do it right the first time. inc. 

Spatial PosltlOillng Systems Inc . . 12007 Sunrise VaJley DrIve · Sulle 200 · Res ton, Irglnla 20191-3406 

Tel:(703) 648-9400 Fax: (703) 648-9422 

For More Information Write In No. 695 



Electronic Components 
and Circuits 

Circuit Imitates Electrical Behavior of a Solar Array 
Electrical characteristics are simulated with high fidelity. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

An analog circuit imitates the dynam
ic electrical behavior of a solar photo
voltaic array with high fidelity over a 
wide range of insolation levels. The cir
cuit can serve as a simulated solar array 
for testing equipment that is designed 
to be connected to a solar array when 
the array is not available or cannot be 
exercised over the full range of required 
test conditions. 

The top part of Figure 1 shows a sim
ple equivalent-circuit model of a solar 
photovoltaic array. While a circuit like this 
model can be readily constructed, it is 
difficult to find a diode that both (1) 
matches the low impedance of a string 
of series-connected solar photovoltaic 
cells and (2) supports the higher volt
ages and currents of a full array. The 
design of the present circuit does not 
utilize such a power diode to obtain the 
desired electrical characteristics. In
stead, the reverse body drain diode of 
an n-channel enhancement field-effect 
transistor (FET) is used to generate a 
small control signal, which is fed to a 
power stage that can be driven in a 
manner consistent with the power out- · 
put of a full solar photovoltaic array. 

The bottom part of Figure 1 is a block 
diagram of the present circuit. The diode 
current stage includes two IRF150 
HEXFETs. The source and gate of each 
transistor are shorted together and the 
transistors are connected in series 
(drain of one transistor connected to the 
source and gate of the other). The body 
diodes are thus also connected in series. 

When there is no load on the circuit, 
a fixed fraction of the short-circuit solar
array current 'sc is forced through the 
diode current stage to forward-bias the 
diodes. This current, 'diode, is the maxi
mum current that flows through the for
ward-biased diodes. The resulting volt
age, V ref, developed across the body 
diodes is then used as a reference for 
the power stage. The power stage is a 
series pass regulator. The feedback 
signal, VII>, is adjusted, as needed, to 
make the no-load (open-circuit) output 
voltage of this circuit equal the open
circuit voltage, Voe' of the solar array to 
be simulated. 

40 

When a load is present and when the 
load current ('load) changes, the diode
current controller effects a proportional 
change in 'diode' The resulting change in 

voltage across the diodes results in a 
change in Vref , causing the output volt
age Vioad to change. The overall effect of 
the analog feedback control loops in this 

Series Resistor 

Isc Shunt Resistor 

EQUIVALENT-CIRCUIT MODEL OF A SOLAR PHOTOVOLTAIC ARRAY 

Diode Current 
Stage 

PRESENT CIRCUIT 

Vioad 

I 
I 
I 
I 
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I 
I 

-- " 
VII> 

Load 

Figure 1. The Present Circuit electrically imitates a solar photovoltaic array better than does 
a simple equivalent-circuit model that contains a power diode. Only two input control signals 
are needed; one to set the VQC, the other to set the Is<; of the array. 

-- Predicted Performance of Solar Array 
- - - Performance as Simulated by the Present Circuit 
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Figure 2. Current-vs.-Voltage Curves of the present circuit were found to resemble closely 
the predicted corresponding curves of an array of 13 strings, each containing 18 GaAs/Ge 
solar cells. Each pair of the 5 pairs of curves represents the performance of the array at one 
of 5 levels of reduced insolation. 
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To anyone who is choosing between designing 
in 2D or 3D, we offer the following advice. 

Don't. 

Introducing Autodesk Mechanical Desktop.N 
Uniting 2D and 3D. 

Feature-based, parametric 
solid modeling 

You model with familiar features 

like copped holes and chamfers. 

Mix surfaces and solids to bUIld 

complex shapes. 

Comprehensive assembly 
modeling 

Assemblies are associaClve. Make 

a change and see rhe entlfe 

design update 

[

2D design and drafting 

DWG (ormat ensures compaubility 

Wlrh your exlsung dalO. vendors 

• 0J1d diems. 

[

Associative drafting 

AutomafJcally generate decolled 

dImvIngs. Full /JI-<ilrectional assooatMrt 

updates models and drawings. 

With new Autodesk Mechanical Desktop you 

and your design team can end the debate 

because everything about it has been 

deSigned around your needs. For projects 

that require 2D drafting, you can be sure 

dle capabilities are there. After aU, Mechanical 

Desktop is built on AutoCAD software. 

the unsurpassed 2D drafting standard. For 

projects that require 3D or a mixture of 

2D and 3D, you'll find enhanced feature

based solid modeling to speed design and 

make change effortless. And users totaUy new 

to 3D will eaSily get up to speed because 

of their familiarity with AutoCAD. So what 

you'll have is one tool for a variety of pro

jects from straightforward components to 

complex assemblies. A tool that's versatile 

enough to enable you to work in 2D, 3D or 

a combination. You'll also have a network 

of training and support centers worldwide. 

And yes, it's affordable. Sound too good to 

be true? Call us on it. 

With Mechanical Desktop as a foundation, you can take your projects from 

deSign [0 manufacture Thanks [0 the MechaOical ApplICations Initiative 

(MAl). you can choose (rom the best·of·class deSign through manufacturing 

applica[Jons and know tho! they'll be fully mregrated. MWuned by NC Mocrcproducn. 

.. CALL 1- 00-964-&132 AND ASK FOR DEMOPAK S605. 

~Autodesk. 
For the hIIIJle or I~ Be'oAft'SI ,follodesk ~~"'Iemt unlfor- or- AUlodt-Jr; TNinlng Ceulcr. ad) 1...f.stXl-964~ Outside till" U.S and c.n.Ia. w us..d: 1..-415-5Cr.-6142 01996 Autodt:sk. 
Inc. Aut~k. U.e Autodetk ~ .. J\d A.oloCAD .re ~n.-t.Ilnadtom.t.rlc:i and .o\ul~ \1ecftanical Desktop h ;l trademark of AUfodesk. Inc. In lbt> u.s. and otMor countnp!L 



circuit is to create an output electrical 
characteristic that closely resembles the 
current -vs. -voltage output characteristic 
of a GaAs solar array (see Rgure 2). 

Only two input control signals are 
needed to operate this circuit; these 
are analog signals that represent Voc 
and Isc. These signals can be set manu
ally or generated under computer con-

tro!. Once the analog Voc and Isc levels 
are set, the analog feedback control 
loops in the circuit govern both the 
steady-state and transient responses. 
The transient response of this circuit is 
quite fast; in the original application, it 
responded to a half-ampere step load 
change in a time of < 1 00 ~s. The circuit 
can be readily adapted to simulation of 

different solar arrays by scaling the 
power stage and power-supply func
tional blocks. 

This work was done by James 
Gittens of Caltech for NASA's Jet 
Propulsion Laboratory. For further 
information, write in 3 on the TSP 
Request Card. NPO-19749 

Mode-Converting Antenna Feed Horn for 
XIXIKa-Band Operation 
Dual-depth-stepped grooves of varying dimensions provide frequency-selective 
mode conversion. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A feed horn for a beam waveguide 
antenna is designed to provide fre
quency-selective mode conversion for 
circularly polarized signals at differ
ent frequencies propagating simul
taneously in opposite directions. More 
specifically, the feed horn is designed 
to (1) convert transmitted X-band sig
nals (at frequencies from 7.145 to 
7.235 GHz) from the TE" to the HE" 
mode, (2) convert received X-band sig-

Cryogenic Package 

nals (8.4 to 8.5 GHz) from the HE" to 
the TE" mode, and (3) pass received 
Ka-band signals unchanged in the HE" 
mode. The feed horn is also designed 
to accommodate (1) a cryogenic pack
age for low-noise X- and Ka-band re
ceivers and (2) transmitted power up to 
20 kW. 

The feed horn has a corrugated, 
common-aperture configuration, with 
the input/output ports for two X sub-

~------------------------l 

X-Band I 
: Transmitter-----L 
I X-Band Port I ~ 
I X-Band Receiver I 
I Chokes~ ! 
I ,......... 
I Ka-Band Chokes-!---. 

I / I 

bands and the Ka-band at different 
locations within the common aperture. 
The Ka-band receiving port is at the 
throat (narrow) end of the horn; from 
this end, the horn tapers out to a cor
rugated straight section that acts as a 
cutoff waveguide to prevent the X
band transmitted Signal from propa
gating to the receivers. The X-band re
ceived signal is extracted from within 
this straight section. 

\ TEll Mode I 
I 
I "--- X-Band Transmitted Signals ~ } All Three in 
I TE Mod ~ ______ ~ _________ K~a~-B~a~nd~Re~c~ei~ve~d~S~ig~n~al~s~1 ____________ 7_.1_45 __ tO_7_.2_35_ G_ H_z _________ HE" Mode 

" e • 31.8 to 32.3 GHz I From Here 

/ 
_==---.,.,:-:--------+------------'X;.:..-.::;Ba=n~d-:-R~ec.:;,;e~iv~e::,d ,;:;Si:;z;gn:,:;;a::::ls:....-_____ Outward 

8.4 to 8.5 GHz 

Ka-Band 
Receiver 

Port 

Cutoff Waveguide 
for Transmission 

Mode- Converter 
Section 

The Mode-Converting Feed Horn features dual-depth-stepped grooves in a novel design in which the widths of the steps taper along the 
conical flare. 
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The X-band receiver port comprises a 
total of four subparts in two pairs. The 
subparts within each pair are located 
diametrically opposite each other, and 
the two pairs are separated circumfer
entially by an angle of 90°. The place
ment of the subparts in each pair at dia
metrically opposite points cancels out 
the higher-order modes generated at 
the junction. The 90° angular interval 
between the pairs of subparts is neces
sary for circular polarization. Each X
band receiving subpart includes a 
matching iris to reduce the return loss, 
plus a K.,-band choke ring to prevent 
leakage of the K.,-band signal into the X
band receiver. 

Proceeding toward the wider end, the 
horn tapers in a curved, gradual transi
tion from the straight section out to a 
conical flare of 14° half angle. The X
band transmitter port, located in the 
transition region, comprises four sub
ports similar to those of the X-band 
receiver port. In addition to a matching 
iris and a K.,-band choke ring, each X
band transmitting subpart also in
cludes two X-band receiving chokes. 

The corrugations in the waveguide 
and transition sections described thus 
far are relatively shallow. They support 
the HEll mode in the K.,-band and exert 
very little effect on the X-band transmit
ted and received signals. Deeper corru
gations in the conical flare are designed 
to effect the desired conversion be
tween the TE" and HE" modes in the 
X-band without introduCing mismatch 
and without disturbing the HE" mode 
in the K.,-band. These corrugations are 
dual-depth-stepped grooves. 

The general concept of stepped 
grooves is not new, but the particular 
stepped-groove design and its applica
tion to frequency-selective mode con
version is novel. Heretofore, periodic 
stepped grooves with constant dimen
sions have been used to support the 
HEll mode in multiple frequency bands. 
In the present design, the dimensions 
are not constant: As one proceeds out
ward along the conical flare, the deeper 
step in each succeeding groove is 
slightly wider and the shallower step 
slightly narrower than in the preceding 
groove (toward the wide end, the shal
lower step disappears). This progres
sion of step widths provides the re
quired matched transition and frequen
cy-selective mode conversion for the 
three frequency bands. 

This work was done by Philip Stanton 
and Jacqueline Chen of Caltech for 
NASA's Jet Propulsion Laboratory. 
For further information, write in 70 on 
the TSP Request Card. NPO-19907 
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SL-GMS 
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Create brilliant intetjaces 
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in your application 

Builds, runs, and manages animated 
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othing approaches the unprecedented 
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AntennalWaveguide Assembly 
With Separable Sections 
Passively transformable microwave assembly performs 
task of waveguide and three antennas. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

The figure illustrates a circular
cross-section of a three-section mi
crowave antenna/waveguide assem
bly that allows for seamless, opera
tional transitions through three configu
ration changes of the Mars Pathfinder 
Spacecraft/Lander: 
1. During cruise to Mars, the first section 

functions as a medium-gain horn, 
while the lower two sections act as 
circular waveguide. 

2. Just prior to entry into the Martian 
atmosphere, the spacecraft cruise 
stage is ejected along with section 
one of the microwave assembly. The 
second section, located on the top of 
the spacecraft backshell, then func
tions as a choked waveguide horn. 

3. During descent onto Mars, the lander 
portion drops out of the spacecraft 
shell, separating sections two and 
three of the microwave assembly. The 
remaining section three is then trans
formed from circular waveguide to a 
choked horn antenna and serves as 
the lander low-gain aerial. 
The junctions between the three 

waveguide/antenna sections are spe
cially designed, self-aligning, slip-fit cir
cular interfaces. They make use of ball
and-socket-style mating surfaces, which 
ensure tight lateral alignment neces
sary for acceptable radio-frequency 
performance and ease of separation, 
while allowing limited free rotary motion 
between sections. 

This design makes use of a single, 
passively-transformable microwave as
sembly to perform the task of electro
magnetic conduit and three antennas. 
This simpler, low-cost method replaces 
an earlier baseline that made use of 

three separate antennas, two switches, 
coaxial cables, and cable cutters. 

This work was done by Kevin Burke, 
Joseph Vacchione, and Hugh Smith of 
Ca/tech for NASA's Jet Propulsion 
Laboratory. For further information, 
write in 27 on the TSP Request Card. 
NPO-20004 

First Section: 
Medium-Gain 

Antenna 

Second Section: 
Waveguide or 

Low-Gain Antenna 

Third Section: [ 
Waveguide or 

Low-Gain Antenna 

This Passive Microwave Assembly is 
transformed from cruise-stage medium
gain antenna (section one, with section 
two and three functioning as waveguide) , 
to back-shell low-gain antenna (section 
one ejected, section two and three func
tioning as antenna and waveguide, respec
tively), then to lander low-gain antenna 
(section two ejected with section three 
functioning as antenna). 

Extensible Circular Waveguide 
Length can be changed without appreciable loss 
in radio-frequency performance. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

In the antenna/waveguide assembly 
described in the preceding article, the 
third section is an extensible waveguide 
of circular cross section. This waveguide 

www.nasatech.com 

is required to function during several 
mission phases in which the space
craft is experiencing significant dy
namic displacements; it is designed to 
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be capable of varying in length by as 
much as ± 112 in. (± 1.3 cm) without sig
nificant loss of radio-frequency perfor
mance and without loss of mechanical 
contact with mating waveguide sec
tions at both of its ends. 

The extensible waveguide (see figure) 
includes two telescoping thin-walled 
aluminum tubes plus a spring and 
flanges for axial preloading. One tube, 
denoted the "base section," has inner 
and outer diameters of 1.020 and 
1.065 in . (25.91 and 27.05 mm), 
respectively. The other tube, denoted 
the "sprung section," has inner and 

Outer Tube 
(Sprung Section) 

InnerTube--
(Base Section) 

The Telescoping Inner and Outer Tubes 
are spring-loaded toward extension to 
maintain contact with other waveguide 
sections (not shown) that mate with the 
ends. 

outer diameters of 1.070 and 1.130 in. 
(27.18 and 28.70 mm), respectively 
along the lower part of its length, where 
it mates the with base section. Thus, 
the sprung section slides over the base 
section with a radial clearance of 
0.0025 in. (0.064 mm). 

The nominal lengthwise overlap be
tween the tubes is about 6 in. (15 cm), 
and the overall length of the extensible 
waveguide is about 14 in. (36 cm). The 
mating surfaces in the overlap region 
are hard-anodized and impregnated 
with polytetrafluoroethylene for lubrica
tion and to prevent contamination by 
wear particles; care was taken to restrict 
this surface treatment to the overlap 
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region because hard-anodized aluminum 
performs poorly as a radio-frequency
conduit material. 

The design of the extensible wave
guide calls for the electromagnetic 
waves in question to propagate past 
the small inner diametral steps in the 
two tubes from 1.020 in. (25.91 mm) to 
1.070 in. (27.05 mm), then back to 
1.020 in. (25.91 mm). The transition to 
the final diameter is accomplished by 
incorporating, into the upper end of the 
sprung section, a 3-in . (7 .62-cm)-long 
linear taper from an inner diameter of 

1.070 in. (27 .18 mm) to a final inner 
diameter of 1.020 in. (25.91 mm). In 
radio-frequency performance, overall 
changes in transmission-line mis
matches associated with changes of 
length and stepped diameters were 
found to be tolerably small. 

This work was done by Kevin Burke, 
Joseph Vacchione, and Tom Otoshi of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information, 
write in 9 on the TSP Request Card. 
NPO-19993 
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tion. With the most 
portable and versatile 
system available 
anywhere. 
The WR9000 is 
available for 4, 8 or 
16 channels. Multi
input amplifiers 
measure voltage, J/KfT 
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• Electronic Systems 

Two-Way, Noncoherent Precise Doppler 
Measurement System 
Complexity, mass, input power, size, and cost of a spacecraft radio system could be reduced. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed transceiver-based system 
for measuring Doppler shifts between a 
nominally stationary site and a moving 
object would be incoherent in the sense 
that signals returned by the transmitter 
from the moving objects would not be 
phase-locked to the uplink signal. The 
system was conceived for use in Earth
station and spacecraft communications 
systems for spacecraft navigation, and 
deep-space radio-science experiments, 
but the basic principle of the system is 
equally applicable to terrestrial Doppler 
measurements. Heretofore, radio sys
tems in spacecraft have used coherent 
transponders for precise two-way 
Doppler measurement and have been 
coherent in that they have provided 
phase-locking of transmitted signals to 
the received signals. The main advan
tage of the proposed system is that the 
elimination of the requirement for coher
ence would make it possible to design a 
transceiver with reduced (relative to a 
coherent transponder) complexity, 
mass, input power, size, and cost. 

The two-way noncoherent precise 
Doppler transceiver needs only one 
fixed-frequency oscillator to generate all 
transmitter and receiver frequencies. 
The need for controllable variable fre
quency oscillators and fixed frequency 
oscillators, and the switching systems 
used to select the appropriate oscillator, 
as used in the current coherent 
transponders, is eliminated. The use of 
one fixed frequency oscillator reduces 
the self-lock danger found in coherent 

transponder designs, thereby reducing 
the extensive analysis and isolation 
techniques currently needed to avoid 
the self-lock problems. The noncoherent 
transceiver approach shifts the com
plexity from the moving object to the 
nominally stationary site for measure
ment of precise two-way Doppler. A pre
cise uplink signal is still required, and the 
downlink receiver must measure two 
signal frequencies instead of one. 

The Doppler measurement is per
formed at the nominally stationary site 
(Earth station), and the transceiver is 
located in the nominally moving object (a 
spacecraft). The stationary site transmits 
an uplink signal at a carrier frequency fl' 
At the moving object, the transceiver 
receives the uplink at a frequency Of1, 

where 0 is the Doppler ratio. If for exam
ple, the moving object were traveling 
directly away from the stationary object at 
speed v, then the Doppler ratio is given by 

0= [(c - v)/(c + V)]ll2 (1) 

In the transceiver, a fixed-frequency 
reference oscillator runs freely at a fre
quency fo. The output of this oscillator is 
fed to a multiplier to generate a downlink 
carrier signal at a frequency Mfo, where 
M is a frequency-multiplication ratio. The 
received uplink signal at .frequency Of1 is 
mixed with the downlink carrier signal to 
produce a signal at a first intermediate 
frequency Of1 - Mfo. The signal at the 
first intermediate frequency is mixed with 
a multiple of the reference oscillator sig-

nal, Nfo, to produce a signal at a second 
intermediate frequency given by 

f2 = Of1 - (M + Nifo (2) 

The signal at the second intermediate 
frequency is used to modulate the 
downlink signal. 

Because of the Doppler shift, the 
downlink carrier signal received at the 
stationary site has a frequency fr = OMfo, 
and the modulation sidebands are shift
ed from the carrier frequency by an 
amount 

fs = Of2 = O[Ofl - (M + Nifol (3) 

Substituting fo = f,lOM into the equa
tion for fs and rearranging terms, one 
obtains 

o = {[fs + (1 + N/Mlfrllfll 112 (4) 

Thus, the Doppler ratio can be com
puted from the frequencies fs, fr, and fl' 
all of which can be measured at the sta
tionary site. The radial component of the 
velocity of the moving object can be 
derived from this Doppler ratio, using 
Equation (1). 

This work was done by Robert C. 
Clauss, Martin I. Herman, James S. 
Border, Mark S. Ryne, Oimitrios Antsos, 
Leroy Tanida, and Daniel L. Rascoe of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information 
write in 54 on the TSP Request Card. 
NPO-19922 

Automated Apparatus Measures Radio Traffic 
John F. Kennedy Space Center, Florida 

An automated electronic apparatus 
measures radio traffic generated in 68 fre
quency channels by more than 2,000 
mobile radio sets and associated radio 
subsystems at Kennedy Space Center. 
The data obtained by use of this system 
are to be used to design a new, spec-

46 

trum-efficient, optimally sized radio-com
munication system. The apparatus in
cludes two discone omnidirectional 
antennas at different locations, each 
antenna connected to its own receiver, 
which is capable of stepping through as 
many as 100 channels per second. 

www.nasatech.com 

Under control by a computer, each 
receiver scans all 68 channels during 
each second, generating a digital indica
tion of the strength of the signal received 
in each channel. For each channel, the 
computer selects the stronger of the two 
signals, and if that signal is at least 10 dB 
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above the noise floor; then the signal is 
regarded as a "good" signal and is count
ed toward the traffic statistics. The data 
thus collected during each day are 
processed to generate tables that show 
the traffic On units of call-seconds}, for 
each hour of the day. The data from the 
busiest hour of each day are then ana-

Iyzed statistically by use of the Ertang B 
equation (a derivative of the Poisson 
equation for traffic engineering) to deter
mine the number of radio frequencies 
needed for a trunking system to support 
the traffic. 

This work was done by Richard B. Birr 
and David R. Wedekind of I-NET for 

Kennedy Space Center. For further 
information, write in 100 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Kennedy Space Center; (407) 867-2544. 
Refer to KSC-11854. 

Self-Calibrating Signal-Conditioning Amplifier 
Calibration is performed alternately on two signal-conditioning paths. 
John F. Kennedy Space Center, Florida 

An analog signal-conditioning amplifier 
for use with a transducer repeatedly cal
ibrates itself using stable and accurate 
internal voltages. The purpose of the 
self-calibration scheme is to maintain 
accuracy of 15 bits (1 part in 32,768) of 
the analog and digital outputs of the 
amplifier and of the excitation voltage. 
The accuracy is maintained during the 
initial warmup, variations in temperature 
and humidity, and aging of components 
during normal operation. 

The amplifier can be described more 
accurately as a system that comprises a 
pair of programmable-gain amplifiers, 
two multiplexers, an analog-to-digital 
converter, a digital signal processor, and 
two digital-to-analog converters config
ured to provide two nominally equivalent 
signal-conditioning paths (see figure). 
Various parts of the circuity in the two 
paths are made to alternate between 
calibration and normal signal-condition
ing functions, and the frequency of alter
nation can be chosen conveniently low 
to allow adequate time for decay of all 
transient electrical responses to the cali
bration signals. 

One important advantage of this 
scheme is that the frequency response of 
the amplifiers need not impose a limita
tion on the accuracy of calibration. 
Conversely, it is not necessary to make 
an engineering compromise between (1) 
a low-frequency-response amplifier On 
which transients would not decay fast 
enough to allow accurate calibration with 
a high-frequency calibration waveform) 
and (2) a high-frequency-response ampli
fier (in which transients would settle 
rapidly enough but the noise level would 
be greater and could be great enough to 
degrade the accuracy of calibration). 

The calibration signal in use at any 
given time can be one of the following: 
(1) a nonzero reference voltage for cali
brating the input gain of the amplifier, (2) 
a zero reference voltage (ground refer
ence) for removing any dc offsets, (3) an 
output reference voltage obtained from 
the output stage and used to calibrate 
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the gain of the output stage, (4) an out
put zero reference obtained from the out
put stage and used to remove any volt
age offset at the output stage, (5) a pos
itive excitation voltage used to monitor 
the positive voltage applied to the trans
ducer, (6) a negative excitation voltage 
used to monitor the negative voltage 
applied to the transducer. The use of a 
dual signaVcalibration path allows for the 
accurate calibration of the amplifier while 
using a limited signal bandwidth. 

The system operates as follows: The 
output from the transducer is connected 
to one of the input paths (called the "data 
path"), while the other path (called the 
"calibration path") is set to calibration 
mode. The circuits in the calibration path 
are sequentially excited with the various 
calibration voltages, allowing enough 
time for the response of the amplifier to 

Input Signals_ 
Excitation _ 

Output Calibration Multiplexer 
Reference Voltage 
Ground Reference 

Input Signals _ 
Excitation 

Output Calibration Multiplexer 
Reference Voltage 
Ground Reference 

Excitation Voltage 

while, the transducer-output data are 
processed according to the normal sig
nal-conditioning scheme in the data path. 

Typically, the time needed to calibrate 
one path is less than one second. Once 
the circuits in the calibration path are fully 
calibrated, there is a transition to an 
interchange of the roles of the two paths: 
At first. both paths are configured as 
data paths. Then after waiting a short 
time for decay of transients, the former 
data path is configured as the calibration 
path. The process is then repeated so 
the calibration factors of both channels 
are repeatedly updated. 

To maintain electrical isolation between 
the output and input stages, the output 
Signal is transferred to the input calibra
tion path by means of a capacitor that is 
switched in and out of the circuit. By 
using solid-state relays for this switching, 

Programmable
Gain Amplifiers 

Digital-to-Analog 
Converter 

Digital-to-Analog 
Converter 

Digital Signal 
Processor 

(DSP) 

Two Programmable-Gain Amplif iers lie on two signal-conditioning paths, on which opera
tion alternates between two modes; while one amplifier performs its normal signal-condition
ing functions, the other one is calibrated. 

settle to within 1 part in 65,536 of its final 
voltage. The digital signal processor sam
ples data from each path separately. The 
digital signal processor uses the informa
tion obtained from the calibration path to 
calibrate the circuitry in that path; mean-

www.nasatech.com 

an isolation greater than 10 GQ at a 
potential of 2.5 kV can be obtained. The 
digital signal processor controls the solid
state relays to ensure that they are never 
turned on at the same time. 

This work was done by Pedro J. 

NASA Tech Briefs, February 1997 



21s1 C nlUrJ 

When you need 
customized imagers 
and camera systems 
call SARNOFF. 
We can address 

your complex packaging, image pro' 
cessing, cooling, and image quality 
needs. Sarnoff systems have been 
developed and implemented for the 
following applications: 

• Medical 
• FLIR Pods 
• Surveillance 
• Vision Systems 
• Missile Seeker Heads 
• Industrial Analysis 

For more information contact: 

Business Development • David Sarnoff Re earch Center 
CN5300 . Princeton, N] 08543-5300 
Tel: (609) 734-2553 . Fax: (609) 734-2443 
Internet: www.sarnoff.com 

For More Information Write In No. 510 



• PCI Bus Master 
• S-Video, NTSC, PAL, CCIR, & 

RS-HO Input Capabilities 

• 3 Video Inputs 
• :t 2 Nanosecond Pixel Jitter 
• live SNGA Display with Overlays 

• low Price/Simple Installation 

• 8 Strobe/Trigger Signals 

• EXtensive Image Processing 
& Analysis Software Available 

Can with your 
application questions 

847-486-1818 
http://WWw.epixinc.com/epix 

EPIX. Incorporated 
381 Lexington Drive 
Buffalo 'Grove. IL 60089 USA 
Tel - 847 465 1818 
FalC- 847 4651919 
epix@epixinc.com 
http://www.epixinc.com.jepix 

©1997 EPIX, Inc. 

Por More Infonnlltlon Wrtte In No. 415 

Medelius, Carl G. Hallberg, and Howard 
James Simpson of I-NET, Inc., for 
Kennedy Space Center. For further 
information, write in 99 on the TSP 
Request Card. 

This invention is owned by NASA, and 

a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to the 
Patent Counsel, Kennedy Space Center; 
(407) 867-2544. Refer to KSC-11750. 

Training a Digital Neural Network 
A modified back-propagation algorithm is used. 
Lyndon B. Johnson Space Center, Houston, Texas 

A method of training a digital neural 
network is based partly on the back
propagation method, which, heretofore, 
has been applicable to analog but not to 
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TYPICAL NEURAL NETWORK 

y 

-t-"'---x 

manipulator tip as input commands and 
responds by generating manipulator
joint-angle commands (8" 8.!) to place 
the tip at the desired (X, y) . 

Outputf(x) 

INPUTS AND OUTPUT OF 
A TYPICAL NEURON 

computer With~ 
Neural-Network 

Simulation 

. --D H\ 

I Tip-Position + Command (x, y) 

Joint-Angle Command (8" 8v 

4 Digital Neural 
Network 

USE OF DIGITAL NEURAL NETWORK IN A CONTROL SYSTEM 

Rgure 1. The Neural Network Js Trained to perform the transformation from (X, y) to (8" ~. 
Training involves a modified version of the back-propagation method. 

digital neural networks. Figure 1 illus
trates schematically a typical neural net
work and a typical use, in which the net
work is part of a feedback control sys
tem for a two-degree-of-freedom robot
ic manipulator. In this application, the 
neural network accepts the desired 
Cartesian coordinates (X, y) of the 

www.nasatech.com 

For this purpose, the neural network 
must be capable of operating in two 
modes: the performance mode 
described above, and the training mode, 
in which the neural network learns the 
transformation from (X, y) to (8" 8.!). 
Training involves (a) the presentation, to 
the neural network, of a set of examples 
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of many different inpuVoutput pairs that 
span the range of ~, y) and correspond
ing exact (0" ~ values and (b) the 
adjustment of the synaptic-connection 
weights in the network until the output 
errors - the differences between the 
actual (81 , ~ outputs and the exact (81 • 

~ values for the given inputs - become 
acceptably small. 

In the conventional back-propagation 
method, the errors are propagated back 
through the network from the output layer 
of neurons toward the input layer, and the 
weights are adjusted to minimize the 
errors. This process is repeated until 
some global measure of the errors 
becomes acceptably small. Typically, 
back-propagation learning is implement
ed by computer simulation. 

The activation function of each neuron 
is a continuous, differentiable sigmoid 
function, which is typically of the form 

f(x)=_1_ 
1+e-x 

where ((x) is the output of the neuron and 
x is the weighted sum of inputs to the 
neuron. For the jth neuron in a given layer, 
the weighted sum of inputs is given by 

x = IWji X; 

where Wp is the synaptic-interconnection 
weight between this neuron and the ith 
neuron of the preceding layer and Xr is 
the output of that neuron. (If the jth neu
ron is in the input layer, then x equals 
simply the jth input, xl' The conventional 
back-propagation method works as long 
as ((x) is as described above; it does not 
work when ((xl is a unit step function, as 
it is in a digital neural network. Accord
ingly, in the present method, the step 
function is initially approximated by a sig
moid function to enable back-propaga
tion training. 

In the present method, one begins 
with a computer simulation of an analog 
version of the neural network with a tun
able activation function 

1(x) _ 1 
1+e-ax 

where a is a positive value. Initially, a is 
set at 1 and the simulated neural network 
is trained by conventional back propaga
tion. Next a is increased to make the sig
moid approximate a step function more 
closely (see figure 2). The back-propaga
tion learning rate is adjusted accordingly, 
and the network is subjected to a further 
sequence of back-propagation iterations. 
This process is repeated until the output 
of every neuron in the hidden layer(s) is 
an acceptably close approximation of a 
binary output in that it lies either between 
o and e or between 1 - e and 1, where e 
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is a smaller number (typically, e = 0.01). 
Once the desired close apprOximation 
has been achieved, the connection 
weights are converted to integers and 
downloaded into the digital neural net
work. This completes training, and the 
digital neural network can then execute 
the digital approximation of the input/out
put transformation in the performance 
mode. 
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This work was done by Steven E. 

Rgure 2. The Tunable Actuation Function 
approaches a step function as a increases. 
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Physical Sciences 

Measuring Photoinduced Surface Acoustic Waves by AFM 
This technique could provide analytical-chemistry data at high spatial resolution. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Photo-surface-acoustic-wave/atom
ic-force microscopy (PSAW/AFM) is an 
experimental technique that may prove 
useful in obtaining high-resolution 
data on spatial variations in the chem
ical compositions of surface layers on 
solid objects . As its name suggests, 
PSAW/AFM involves the use of an 
atomic-force mjcroscope (AFM) to 
measure surface acoustic waves in
duced by incident light. The light can 
be monochromatic, quasi-monochro
matic, or broadband and must be 
modulated at a suitable frequency. 
One measures the oscillations in the 
response of the AFM at that frequency 
as a function of AFM scan position . 

The wavelength of the incident light 
can be varied and the response mea
sured as a function of wavelength as 
well as of scan position to obtain both 
spectrally and spatially resolved infor
mation about the surface; that is, spec
tral information indicative of the local 
surface chemical composition. Alter
natively, the response could be mea
sured at a single wavelength; for ex
ample, an infrared wavelength at 
which light is strongly absorbed by a 
chemical species of interest. In either 
case, the AFM can be regarded as a 
detector in a spectrophotometer. The 
AFM acts as a local detector that 
measures the photothermal displace
ment at the surface. In principle, sur
face acoustic waves measurable by an 
AFM could also be generated by an 
incident modulated beam of electrons 
or ions, and spectroscopy performed 
by taking measurements at various 
particle kinetic energies. 

The specimen surface can be illumi
nated in any of several ways. In exper
iments that were undertaken to prove 
the PSAW/AFM concept, infrared 
beams (wavelengths of 1.9 to 20 ~m) 
were aimed at polymeric specimens at 
glancing angles to prevent shadowing 
by the AFM tips and to strike the spec
imen surfaces under the AFM tips. In a 
more nearly optimum configuration, the 
AFM tip is made of a transparent mate
rial (e.g., silicon for infrared spec
troscopy) and acts as an optical wave-

52 

guide that concentrates the illumina
tion onto a very small spot on the 
specimen surface (see figure). Another 
option is to use a sample holder as an 
optical waveguide. 

In another variation of the basic 
PSAW/AFM concept, the AFM tip can 
be used to remove surface material 
from the specimen, and photoinduced 

Modulated 
Beam of light 

acoustic deflections are measured with 
the illumination aimed at the tip after 
the tip has been disengaged from the 
specimen. 

This work was done by Mark S. 
Anderson of Caltech for NASA's Jet 
Propulsion Laboratory. For further 
information, write in 7 on the TSP 
Request Card. NPO-19498 

AFM Cantilever 

I 

ILLUMINATION USING AFM TIP AS A WAVEGUIDE 

AFM Cantilever 

Specimen 

__ ----"~_./'-----=-..... Specimen Holder and 
r / Waveguide 

ILLUMINATION USING SPECIMEN HOLDER AS A WAVEGUIDE 

The Specimen Surface Can Be Illuminated via any of a variety of focusing and/or coupling 
optics. The use of the AFM tip as a waveguide is particularly advantageous because it con
centrates the light onto a very small spot at the location of interest under the tip. 
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High-Tc-Superconductor Bolometer 
With High Detectivity 
The superconductive film is deposited on a 
thin sapphire substrate. 
Goddard Space Flight Center, Greenbelt, Maryland 

An improved transition-edge bolo
meter based on a superconductor with 
a high superconducting-transition 
temperature (high Te) has been found 
to exhibit a detectivity of 6 x 109 
cm·Hz112/ W at a frequency of about 4 
Hz. As of the date of reporting , this 
was the highest detectivity observed 
in any high-Tc bolometer or, for that 
matter, of any thermal detector with 
cooling to a temperature no lower than 
that of liquid nitrogen. 

Detectivity (usually abbreviated "0*") 
is a figure of merit that summarizes the 
performance of a detector with respect 
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Figure 1. This Resistance-vs.-Temper
ature Curve shows the transition to and 
from superconductivity of the film of 
YBa2Cu30 7_x in the bolometer. For maxi
mum 0., the equilibrium temperature is 
set in the range of 90 to 91 K, where the 
curve is steepest. 

to signal-to-noise ratio and frequency 
response. Detectivity is the reciprocal 
of an area-normalized noise equivalent 
power (NEP), which is a measure of the 
limit, imposed by noise, on the lowest 
detectable signal level. 

In a transition-edge bolometer, the 
sensing element is a film of supercon
ductive material mounted on a thin 
substrate maintained at an equil ib
rium temperature at or near Te -
preferably at a temperature in the 
range within which the rate of change 
of the electrical resistance (R) of the 
film with temperature (1) is greatest. 
In the case of the YBa2Cu30 7-X high-Tc 
superconductive film used in the pre
sent bolometer, this range was found 
to be 90 to 91 K (see Figure 1). The 
temperature is easily maintained at 
an equilibrium value in this range be
cause it is above the boiling tempera
ture (77 K) of liquid nitrogen at normal 
atmospheric pressure. 

Using the four-wire-probe tech
nique, a low bias current is applied to 
the film while the voltage drop caused 
by the current is measured to deter
mine R. The bias current must be high 
enough to provide a voltage reading 
adequate for determining R as a 
function of T, but not so high that the 
heating caused by the current causes 
thermal runaway. When incoming 
thermal radiation (the radiation to be 
measured) strikes the substrate , it 
heats the substrate and film, causing 
T to rise above the equilibrium value 

Bolometer: YBa2Cu307_x Rim on Sapphire Substrate 

Aluminum Ring 

t t t t t 
T 

Thermal (Infrared) Radiation 

Figure 2. The Bolometer Is Suspended within the cooled vessel, near the window, by low
thermal-conductivity fibers. 
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and thus giving rise to a change in R. 
The change in R is thus a measure of 
the incident thermal radiation. 

The bolometer is suspended in an 
evacuated vessel cooled to the equilib
rium temperature near Te. Thermal radi
ation is admitted through a window. 
Several design features help to maxi
mize the 0' of this bolometer: To mini
mize the excess noise in the supercon
ductive film, the film is deposited on a 
low-thermal-mass substrate; specifi-

cally, a substrate of sapphire (which 
has a low specific heat) only 25 IJm 
thick. To maximize the absorption of 
thermal radiation, a layer of carbon 
black is deposited on the radiation
absorbing surface, which is the surface 
of the substrate opposite that of the 
superconductive film. To minimize ther
mal-conduction loss of signal, the sub
strate is suspended in the vessel by 
use of low-thermal-conduction aromat
ic polyamid fibers (see Figure 2). 

Some proposed modifications in geo
metry are expected to lead to improved 
performance via fourfold reductions in 
heat capacity and thermal coupling. 
The 0- of a bolometer with these modifi
cations would be about twice the O' of 
the present bolometer. 

This work was done by John C. 
Brasunas and Brook Lakew of Goddard 
Space Flight Center. For further infor
mation, write in 15 on the TSP Request 
Card. GSC-13667 

Dual-Element Tunneling Accelerometer With Dual Feedback 
A low-frequency feedback loop keeps a proof mass at or near a nominal control position. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Figure 1 illustrates a dual-element, 
cantilever-spring-and-mass, quantum
mechanical-tunneling transducer de
signed to sense accelerations along one 
axis at frequencies from 5 Hz to 1 kHz. 
The larger of the two cantilever elements 

holds a proof mass, and the frequency 
of resonant vibration of this cantilever is 
less than 100Hz; the smaller cantilever 
element has a resonance frequency 
somewhat above 2 kHz. Accelerations 
in the frequency range of interest cause 

Proof-Mass- Tunneling Contacts Cantilever-Deflection 
Electrodes Deflection Electrodes 

Figure 1. In this Dual-Element Tunneling Accelerometer, the smaller cantilever is elec
trostatically deflected to make it follow the motion of the proof mass on the larger can
tilever. The larger cantilever is electrostatically deflected to make slow adjustments in its 
quiescent operating point. 

Tunneling Conlact Tunneling Contact 
on Cantilever on Proof Mass 

+15V I 

lMn 
Signal Out 180mV 
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22MO 

the proof mass and its cantilever sup
port to vibrate about a nominal quies
cent point or control position. By use of 
the dual feedback circuit described 
below, the tip of the smaller cantilever is 
made to follow the movements of the 
proof mass, and the desired measure
ment of acceleration is extracted from 
the feedback signal used to control the 
smaller cantilever. 

Uke other quantum-mechanical-tun
neling transducers, this one operates 
according to a feedback control scheme 
in which a fixed bias voltage is applied 
across a small gap (about 1 0 A wide) 
between two tunneling contacts. In this 
case, one of these contacts is on the 
proof mass, while the other is on the 
smaller cantilever. The bias voltage gives 
rise to a quantum-mechanical-tunneling 
current of electrons between the elec-

To Deflection Electrode 
on Small Cantilever 

2OOkO 2OOkO 

2kO 
20010 400 V ~ 

30mV 
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To Prool-Mass 
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Figure 2. This Dual Feedback Circuit generates the deflection and readout voltages for the accelerometer illustrated in Figure 1. 

NASA Tech Briefs, February 1997 WV'IW.nasatech.com 55 



56 

Weather Proof, Ruggedized 
Portable Industrial pes 

IN Ute Industrial Notebook 
• 1 FuHengthjHeight AT Expansion Slot, 2 Type II 

(or 1 Type III) PCMClA Slots 
• Intel Pentium" Processor/120 MHz, 

Up to 64MB DRAM 
• Dual BuilNn Power Supplies, 

AC (4().440Hz) and DC (18-36V) 
• Meets Mi~Spe< 
IP Lite Industrial Portable 
• 5 AT /PCI Slots, 3 Full, 2 HaHength 
• Intel Pentium .. Processor/133MHz, 

Up to 128MB DRAM 

Both Portables Feature: 
• Full Magnesium Die{ost Casing 
• Shock/Vibrotion and EMIjEMC Protection 
• 10.4' TFT VGA or 12.1' XVGA (1024 x 768) 

Color Displays 
• 3 Year Warronty, CE Approval 

Call 1-800-KONTRON 
800-566-8766 • 714·851-1872 
http://www.kontron.com 

KONTRON ELEKTRONIK 

KClNT11ClN ELEKTRClNIK IS AN ISO 900 1 CERTifiED COMPANY 

For More Infonnation Write In No. 408 

The New RIFOCS 672R Discontinuity Test Module is the industry's first off-the-shelf 
solution for FOTP-32 compliance testing of optical interconnects and other components for 
use in harsh environments or other critical data transmission applications. 

• Military, Aerospace, and Shipboard Systems • Weapons Systems 
• Commercial OC-192+ Systems • Dense WDM Systems 

• Design Verification for Dynamic Environments Vibration-Shock-Temperature 
Also call for more information on our complete line of Handheld, Benchtop and Modular 
Fiber Optic Test Instrument solutions. 11« I RIFOCS Corporation Fiber Optic Components & Instruments 

833 Flynn Road 
Camarillo, California 93012 
805/389-9800 FAX 805/389-9808 

SEE US IN DALLAS AT OFC '97, 

For More Infonnation Write In No. 409 

trodes, and the magnitude of this current 
depends on the size of the gap. The 
deflection of the smaller cantilever is con
trolled by applying a voltage to a pair of 
electrostatic deflection electrodes; this 
voltage is adjusted according to the 
feedback control scheme to maintain a 
constant tunneling current and thus a 
constant gap, thereby causing the small
er cantilever to follow the proof mass. 

Figure 2 illustrates the dual feedback 
control circuit, which includes two feed
back control loops; one that covers all 
frequencies from zero up through the 
measurement frequency range of inter
est, and one for lower frequencies only. In 
the all-frequency loop, an error amplifier 
compares the tunneling current with a 
reference value that corresponds to the 
prescribed constant gap width. The out
put of the error amplifier is added to an 
offset voltage to obtain the deflection 
voltage described above; this voltage is 
applied to the deflection electrodes for 
the smaller cantilever. The error ampli
fier provides the feedback loop with high 
gain for control of the small cantilever, 
which maintains the tunneling current 
at or near the desired value. The time
varying component of the output of the 
error amplifier in the frequency range 
of interest can be used as the readout 
signal because it is proportional to the 
time-varying displacement and accelera
tion that one seeks to measure. 

Another pair of electrostatic deflection 
electrodes is used to adjust the quies
cent point of the larger cantilever and 
proof mass. The deflection voltage ap
plied to these electrodes is generated 
similarly to the other deflection voltage, 
except that the output of the error 
amplifier is processed through a low
pass filter with a time constant of 1 s. 
The net effects of this amplification and 
low-pass filtering are twofold: One ef
fect is a null effect; to provide a feed
back loop with low gain at frequencies 
above 5 Hz (so as not to interfere with 
measurements at those frequencies); the 
other effect is to provide a feedback loop 
with high gain at frequencies less than 
about 1 Hz. This loop maintains the qui
escent pOint at or near the preset opti
mum or otherwise desired quiescent 
point, counteracting such slowly varying 
effects as drifts in mechanical character
istics of the cantilevers or changes in 
deflection caused by changes in orienta
tion in the gravitational field . 

This work was done by Thomas W 
Kenny, Howard K. Rockstad, Joseph K. 
Reynolds, and William J. Kaiser of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information, 
write in 98 on the TSP Request Card. 
NPO-19259 
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Materials 

Probabilistic Analysis of Composite-Material Structures 
Uncertainties at the constituent, ply, laminate, and whole-structure levels are taken into account. 

Lewis Research Center, Cleveland, Ohio 

A probabilistic method for analysis of 
structures made of laminated composite 
(matrix/fiber) materials has evolved dur
ing recent years. This method provides 
for computation of the mechanical prop
erties of structures at levels from micro
scopic to macroscopic and for predict
ing fatigue lives under various hygrother
momechanical loading conditions. The 
method is implemented in the Integrated 
Probabilistic Assessment of Composite 
Structures (IPACS) computer code, 
which performs complete probabilistic 
analyses of composite-material struc
tures, taking account of uncertainties in 
sizes and shapes, boundary conditions, 
properties of materials, laminate layups, 
and loads. 

The properties of composite materials 
depend on a number of primitive vari
ables; these include properties of the fiber 
and matrix materials at the constituent 

level, plus such fabrication variables as 
the fiber volume ratio, the void volume 
ratio, the ply orientation, and the ply thick
ness at the ply level. Because these prim
itive variables are statistical in nature, the 
mechanical properties of a typical com
posite-material item cannot be reliably 
quantified deterministically; this gives rise 
to the need for a probabilistic approach. 

The basic probabilistic approach 
embodied in the present method begins 
with the identification of uncertain vari
ables at every structural level such as at 
the constituent, ply, or laminate level. The 
uncertain variables are then filtered 
through an analyzer, which combines 
composite mechanics, structural me
chanics, and probability theory. The out
put of the analyzer is the desired set of 
structural responses and/or properties; 
for example, displacement, stress, strain, 
buckling load, natural frequency of vi bra-

Component 

tion, and/or fatigue life. 
The probabilistic calculation of such 

responses and properties can be per
formed by the Monte Carlo simulation 
method, but this method tends to be too 
computationally expensive in composite
material applications. To save computa
tion time, the present method, as imple
mented in IPACS, integrates composite 
mechanics, finite-element computational 
methods, and fast-probability-integration 
algorithms. Fast probability integration 
(FPI) is an approximate technique for the 
probabilistic analysis of the performance 
of a structure. The major advantage of 
FPI is its computational speed, which 
exceeds that of the Monte Carlo method 
by a factor of the order of 1 0 or even 
more. Thus constituted, IPACS provides 
efficient and affordable means for the 
probabilistic assessment of composite 
structures (see figure) with inherent 
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Probabilistic Assessment of a Composite-Material Structure involves taking account of statistical variations in properties of constituent 
materials, variations in dimensions and orientations, and variations in loads and environmental conditions. 
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uncertainties and operating in uncertain 
environments. 

IPACS integrates several NASA com
puter programs developed in recent 
years, including COBSTRAN, PICAN, and 
NESSUS. COBSTRAN (Composite Blade 
Structural Analyzer) is a dedicated finite
element-model generator for use in ana
lyzing composite-material structures. 
PICAN (Probabilistic Integrated Compos
ite Analyzer) enables the computation of 
the perturbed and probabilistic compos
ite-material properties at the ply and the 
laminate levels. NESSUS (Numerical 
Evaluation of Stochastic Structures Under 
Stress) determines the perturbed and 
probabilistic structural responses at glob
al, laminate, and ply levels. PICAN and 
NESSUS share the FPI (Fast Probability 
Integrator) software module for application 
of FPI algorithms to obtain cumulative dis
tribution functions of the properties of 
materials and the responses of structures. 

In I PACS , the uncertain primitive vari
ables at constituent and ply levels are 
selectively perturbed several times in 
order to create a data base for the deter
mination of the relationship between the 
desired structural response (or the 
desired material property) and the primi
tive variables. For every given perturbed 
primitive variable, micromechanics is 
applied to determine the corresponding 

Mlcrocal™ 

perturbed mechanical properties at the 
ply and laminate levels. Laminate theory 
is then used to determine the perturbed 
resultant relationships among forces, 
strains, moments, and curvatures. With 
these relationships at the laminate level, a 
finite-element perturbation analysis is per
formed to determine the perturbed struc
tural responses that correspond to the 
selectively perturbed primitive variables. 
This process is repeated until enough 
data are generated and the proper rela
tionships among structural responses 
and primitive variables can be determined 
through a numerical procedure. 

With the foregoing relationships plus 
the probabilistic distributions of the primi
tive variables in hand, FPI is applied. For 
every discrete response value, a corre
sponding cumulative probability can be 
computed quickly by FPI. This process is 
repeated until the cumulative distribution 
function (COF) can be appropriately rep
resented. The probabilistic material prop
erties at ply and laminate levels are also 
computed in the same way as for the 
structural responses. The output informa
tion from FPI for a given structural 
response includes its discrete COF val
ues, the coefficients for a special type of 
probability distribution function, and the 
factors of sensitivity of the response of 
the structure to the primitive variables. 

In using IPACS to determine the fatigue 
life of a structure, one first identifies the 
most critical areas of the components of 
the structure on the basis of finite-element 
analysis. The force and the moment resul
tants at the critical sections are saved for 
the computation of the fatigue life by use 
of a durability-analysis module in PICAN. 
The cyclic life is determined on the basis 
of the first-ply-failure criterion. According 
to this criterion, the number of cycles of 
any given set of loading combinations that 
give rise to failure in one of the plies at the 
critical section is assumed to give a con
servative estimate of the cycle life of a 
laminate. (The laminate, by virtue of the 
remaining intact plies, may be able to sur
vive additional cycles of load.) 

This work was done by Pappu L. N. 
Murthy and Christos C. Chamis of Lewis 
Research Center, Michael C. Shiao of 
Sverdrup Technology, Inc., and Leslie D. 
G. Uaw of Ford Motor Corp. For further 
information, write in 44 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to NASA Lewis Research 
Center; Commerical Technology Office, 
Attn: Tech Brief Patent Status, Mail Stop 
7-3, 21000 Brookpark Rd., Cleveland, 
OH 44135. Refer to LEW-16092. 

Microcal Software, Inc. 
One Roundhouse Plaza 
Northampton, MA 01060 USA 

tel: +1-413-586-2013· fax: +1-413-585-0126 
email: info@microcal.com 
WWW: http://www.microcal.com 

Origin is a trademark of Microcal. All other brand and names are trademarks of their respective owners. 
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Computer Programs 

COSMIC: Transferring NASA Software 
COSMIC. NASA'S Computer Software Management and Information Center. distnbutes software 

developed With NASA funding to Industry. other government agencies and academia. 
COSMIC's inventory IS updated regularly; new programs are reported in Tech Briefs. For additional 

information on any of the programs descnbed here. send in the Information Request Form or contact 
COSMIC directly. 

If you don't find a program in this issue that meets your needs. visit the COSMIC Wor1d Wide Web 
pages to browse the catalog for programs in your area of interest. The COSMIC Software catalog is 
available in print and free of charge on diskette. on-line. by E-mail. or FTP. 

COSMIC IS part of NASA's Technology Transfer Network. 

{8 Physical Sciences 

Program Computes 
Radiative Transfers of 
Heat 

The Thermal Radiation Analyzer 
System (TRASYS) is a computer pro
gram that provides a generalized capa
bility for solving the radiation-related 
aspects of thermal-analysis problems. 
TRASYS computes the total thermal
radiation environment for a spacecraft in 
orbit. It calculates data on radiative inter
changes of heat among nodes of the 
spacecraft as well as data on rates of 
incidence and absorption of heat from 
environmental radiant sources. TRASYS 
provides data of both types in a format 
directly usable by such thermal-analyzer 
programs as SINDNFLUINT (available 
from COSMIC, program number MSC-
21528). 

One primary feature of TRASYS is 
that it enables users to write their own 
driver programs to organize and direct 
preprocessor and processor library rou
tines in solving specific thermal-radia
tion problems. A preprocessor routine 
first reads and converts the user's geo
metric input data into the form used by 
the processor library routines. Then a 
preprocessor routine accepts the user's 
driving logic, written in the TRASYS
modified FORTRAN language. In many 
cases, the user has a choice of routines 
to solve given problems. Users can also 
provide their own routines where desir
able. In particular, the user can write 
output routines to provide for an inter
face between TRASYS and any ther
mal-analyzer program that is based on 
an analogy to a network of resistors and 
capacitors. 

Input to TRASYS consists of options 
and edit data, model data, and logic-

62 

flow and operations data. Options and 
edit data provide for basic program 
control and capability for editing by the 
user. The model data describe the prob
lem in terms of geometric and other 
properties. This information includes 
data on surface geometry, documenta
tion, nodes, block coordinate systems, 
form factors, and fluxes. Logic-flow and 
operations data convey the user's driver 
logic, including the sequence of sub
routine calls and the subroutine li
brary. Output from TRASYS consists of 
the internode-radiation data and the 
incident -and-absorbed-heat -rate data 
mentioned above. The flexible structure 
of TRASYS allows considerable freedom 
in the definition and choice of method of 
solution of a thermal-radiation problem. 
The flexibility has also made it possible 
for TRASYS to retain the same basic 
input structure as the authors update 
other parts of the software to keep up 
with changing requirements. 

The following are among the impor
tant features of TRASYS: 
• Capability for solving problems with 

sizes up to 4,000 nodes (3,200 in the 
VAXNMS version, which is one of 
three versions, as described below) 
with shadowing by intervening opaque 
or semitransparent surfaces; 

• Choice of diffuse, specular, or diffuse/ 
specular radiant-interchange solutions; 

• A restart capability that minimizes 
recomputation; 

• Macroinstructions that automatically 
provide the executive logic for generat
ing orbits, which logic optimizes the 
use of previously completed computa
tions; 

• A time-variable-geometry software 
package that provides automatic 
pointing of the various parts of an artic
ulated spacecraft and an automatic 
look-back feature that eliminates 
redundant form-factor calculations; 

• Capability to specify names of sub
models to identify sets of surfaces or 
components as an entity; and 

www.nasatech.com 
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• Subroutines to perform functions that 
save and recall the internodal and/or 
space form factors in subsequent 
steps for nodes with fixed geometry 
during a variable-geometry run. 
There are three machine versions of 

TRASYS v27: a DEC V/V. version, a 
Cray UNICOS version, and an 
HP9000-series 700/800 version. All 
three versions require the installation of 
the NASA Device Independent 
Graphics Library, v5.7 (NASADIG 5.7), 
which is available from COSMIC bun
dled with TRASYS. NASADIG 5.7 is a 
plotting-software package that pro
vides a pictorial representation of input 
geometry, orbital and orientational 
parameters, and heating-rate output as 
a function of time. NASADIG 5.7 sup
ports Tektronix terminals. Please note 
that TRASYS v27 is not compatible 
with NASADIG 6.0. 

The CRAY version of TRASYS v27 is 
written in FORTRAN 77 for batch or 
interactive execution and has been 
implemented on CRAY X-MP- and 
CRAY Y-MP-series computers running 
UNICOS. The standard medium for 
distribution of the CRAY version with
out NASADIG 5.7 (MSC-21959) is a 
1,600-bit/in. (630-bit/cm), 9-track 
magnetic tape in UNIX tar format. The 
standard medium for distribution of the 
CRAY version with NASADIG 5.7 
(COS-10040) is a set of two 6,250-
bit/in. (2,461-bitlcm), 9-track magnetic 
tapes in UNIX tar format. Alternate dis
tribution media and formats are avail
able upon request. 

The DEC V/V. version of TRASYS v27 
is written in FORTRAN 77 for batch exe
cution (only the plotting driver program 
is interactive) and has been implement
ed on a DEC V/V. 8650 computer under 
VMS. Since the source codes for MSC-
21030 and COS-10026 are in VAXNMS 
text library files and DEC Command 
Language files, COSMIC will provide the 
following versions of the program in the 
noted formats only: The DEC V/V. ver-
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Satellite Tool Kit: 
Answering The Most Demanding Analysis Questions 

Satellite Tool Kit (STK}", provides the answers space 
industry professionals need. Functional on both Unix 
and Windows· platforms STK provides the most 
comprehensive analytical and graphic power available 
to engineers, systems operators, analysts and project 
managers. Critical questions are answered immediately. 
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complex realtime or analysis tasks! 
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sion of TRASYS without NASADIG 5.7 
(MSC-21030) is available on a 1,600-
biVin. (630-bitlcm), 9-track magnetic 
tape in VfV< BACKUP format (standard 
distribution medium) or in VfV< BACKUP 
format on a TK50 tape cartridge; the 
DEC VfV< version of TRASYS with 
NASADIG 5.7 (COS-10026) is available 
in VfV< BACKUP format on a set of three 
6,250-bitlin. (2,461-bitlcm), 9-track 
magnetic tapes (standard distribution 
medium) or a set of three TK50 tape car
tridges in VfV< BACKUP format. 

The HP9OO0 version of TRASYS is 
written in FORTRAN 77 for implementa
tion on HP9000 series 700/800 comput
ers running HP-UX v8.07 or higher. The 
standard medium for distribution of 
either the HP9000 version without 
NASADIG 5.7 (MSC-22379) or the 
HP9000 version with NASADIG 5.7 
(COS-10053) is a 4-mm OAT cartridge in 
UNIX tar format. Alternate distribution 
media and formats are available upon 
request. Although the modifications nec
essary to port TRASYS v27 to HP-UX 
should make this machine version of 
TRASYS v27 the easiest version to port 
to other UNIX-type computers, one 
would still have to make a number of 
nontrivial modifications to do so. Those 
interested in porting TRASYS v27 to 
other UNIX-type computers should keep 
in mind that, unfortunately, neither the 
author of the program nor COSMIC will 
be able to provide support or assistance 
for porting efforts. TRASYS was last 
updated in 1993. 

This program was written by Gordon 
E. Anderson of Lockheed Engineering & 
Sciences Co. for Johnson Space Cen
ter. For further information, write in 89 
on the TSP Request Card. 
MSC-22379 

-0 Machinery/Automation 

PCPANEUPNLGRF: 
Software for Computing 
Turbomachinery Flows 

The PCPANEL program uses an inte
gral-equation solution (panel) method to 
solve two-dimensional fluid flow prob
lems on a personal computer. The solu
tion method solves approximate govern
ing equations of motions for blade-to
blade, steady-state flow problems in tur
bomachinery and has been used for sev
eral years in the design of turbomachin
ery blades. PNLGRF is an interactive 
graphical-interface program written 

www.nasatech.com 

specifically to enable visual analysis of 
the flow solutions generated by PCPAN
EL. It gives engineers a very rapid means 
of assessing the aerodynamic potential 
of a design. The combination of PCPAN
EL and PNLGRF provides designers with 
a powerful, yet cost-effective software 
tool. The run time for the flow solver is 
measured in minutes on personal com
puters of modest power. As a result, the 
amount of person-hours needed to 
design and analyze aerodynamic shapes 
is minimized. 

The working fluid is assumed to be 
inviscid, irrotational, and a perfect gas . 
The integral equation solution used by 
PCPANEL calculates the flow around sin
gle or multi-element blade shapes that lie 
on a surface of revolution. It also can 
calculate flows through planar cascades 
and around isolated airfoils. PCPANEL 
has been demonstrated to yield good 
results for subsonic flows of mach num
bers :50.5 around isolated airfoils . 
Solutions for transonic turbomachinery 
blade-to-blade flows can be obtained, 
but accuracy decreases with increasing 
mach number. Turbomachinery solutions 
are the most accurate for flows with 
mach numbers < 0.9. 

The output of PCPANEL includes the 
effects of compressibility, radius change, 
blade-row rotation, and variable stream 
sheet thickness. The compressible-flow 
output is the most useful to the user. The 
output includes a summary of the solu
tion, the integrated force coefficients, and 
details of the flow on the body surface. 

PCPANEL is written in Microsoft 
FORTRAN 5.0, and PNLGRF is written in 
a combination of 95 percent Microsoft 
QuickC and 5 percent MS FORTRAN 5.0. 
PCPANEL and PNLGRF were developed 
for an IBM PC-compatible 80386 or high
er computer running MS-DOS 3.3 or high
er with at least 512KB of conventional 
memory and, for the graphics code, at 
least a CGA graphics card with resolution 
of 640 x 200 pixels. PCPANEUPNLGRF 
has been successfully implemented on a 
DECpc 486DXl33 computer running MS
DOS 5.0 and an IBM PC 486DXl33 com
puter running Windows 95. Sample exe
cutable codes are provided. The standard 
distribution medium for PCPANELlPNL
GRF is one 3.5-in. (8. 89-cm), 1.44MB, 
MS-DOS-format diskette. The contents of 
the diskette have been compressed by 
use of the PKWARE archiving software 
tools. The utility software to unarchive the 
files, PKUNZIPEXE v2.04g, is included. 
PCPANELlPNLGRF was released in 1996. 

This program was written by Eric R. 
McFarland of Lewis Research Center. 
For further information, write in 77 on 
the TSP Request Card. 
LEW-16325 
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I ndustry Focus: 
Mechanical Tech Briefs 

~ Analyzing Vibrations To Detect Damage on Gear Teeth 
A statistical parameter gives early indication of gear tooth damage. 
Lewis Research Center, Cleveland, Ohio 

"NA4" represents a statistical parame
ter that is computed from measurements 
of vibrations in gear trains to detect dam
aged gear teeth. NA4 provides an indica
tion that is sensitive to the major types of 
gear-damage modes, which include 
gear-tooth fatigue cracks, surface pitting, 
and heavy wear and scoring. NA4 and 
other techniques are being developed to 
provide timely warnings of the need for 
maintenance, or for quick action to pre
vent further damage. NA4 was primarily 
intended to enhance current vibration
monitoring systems in helicopters, where 
about 32 percent of serious rotorcraft 
accidents were found to be attributed to 
defects in the engines and transmissions. 
NA4 can be applied to other geared sys
tems where advance warning of gear 
damage would prove to be beneficial. 

Vibrations in a gear train are measured 
using an accelerometer mounted on the 
gear-train housing. It Is also necessary to 
obtain a synchronizing pulse to correlate 
the vibration with the rotation of the gear 
being monitored. The analog vibration 
data is converted to digital form and time 
averaged using the synchronizing pulse 
in order to eliminate noise and vibration 

Incoherent with the period of revolution of 
the gear being analyzed. This digitized, 
time-averaged Signal is used as the input 
for the NA4 method. 

Constructing a residual signal from the 
digitized, time-averaged vibration signal 
is the first step in the NA4 method. The 
residual signal is obtained by removing 
the regular meshing components (shaft 
frequency and harmoniCS, along with the 
primary meshing frequency and harmon
Ics of the gear) from the digitized, time
averaged signal. This eliminates the nor
mal vibration pattern of the gear which 
dominates the gear vibration signal. 

NA4 then uses a number of statistical 
techniques to detect the various gear 
damage modes. NA4 is calculated by 
taking the kurtosis (fourth statistical 
moment) of the residual signal and divid
ing this by the square of the current run
time averaged variance of the residual 
signal. The kurtosis is used to amplify any 
impulsive elements in the residual signal 
resulting from a fatigue crack or heavy 
pitting on one or two teeth. Dividing the 
kurtosis by the time-averaged variance of 
the residual signal normalizes the NA4 
parameter. This operation also helps NA4 

to react to those damage modes which 
increase the overall signal level, such as 
heavy wear and scoring, or distributed 
pitting damage. The way this works is the 
changes in the residual signal are con
stantly being compared to a weighted 
baseline for the gear in "good" condition. 
An overall increase in the residual signal 
results in an increase in NA4. This allows 
NA4 to grow with the severity of the fault 
until the average of the variance itself 
changes. Because it is normalized, NA4 
is dimensionless, with a value of 3, under 
nominl conditions. 

NA4 was applied to a variety of gear 
fatigue runs where the damage ranged 
from minor surface pitting over a number 
of teeth to gear tooth fatigue cracks 
which resulted in complete tooth frac
ture. NA4 was able to indicate the onset 
of damage, and, in most cases, continue 
to indicate damage as the damage 
spread and increased in severity. An 
example test is shown in the figure. Spur 
gears with 28 teeth each and a pitch 
diameter of 88.9 mm were loaded to a 
torque of 74.6 N·m and rotated at a 
speed of 10,000 r/min on a gear fatigue 
test machine. At approximately 94 hours 
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NA4 Indicates the Onset of Pitting as its value increases from the nominal value of 3 to a value of 9.6 at approximately 96 hours into the test. 
NA4 continues to increase as the pitting damage progresses. 
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into the test, NA4 jumped from its nomi
nal value to a value of 9.6, indicating the 
start of tooth surface pitting. NA4 contin
ued to increase as the pitting damage 
increased and spread to more teeth. NA4 
has also been successfully tested on spi
ral bevel gears and face gears. 

This work was done by James J . 
Zakrajsek and Dennis P. Townsend of 
Lewis Research Center and Harry J . 
Decker, Robert F. Handschuh, and David 
G. Lewicki of the U.S. Army Research 
Laboratory. For further information, write 
in 62 on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to NASA Lewis Research 
Center, Commercial Technology Office, 
Attn: Tech Brief Patent Status, Mail Stop 
7-3, 21000 Brookpark Road, Cleveland, 
Ohio 44135. Refer to LEW-159 74. 

o Three-Dimensional Roller Locking Sprags 
Advantages include increased locking effectiveness and decreased contact stresses. 
Goddard Space Flight Center, Greenbelt, Maryland 

Improved roller locking sprags that 
feature contact surfaces with three
dimensional (convex and/or concave 
toroidal) shapes have been invented for 
use in roller brake and clutch mecha
nisms. Older sprags designed for the 
same purposes have two-dimensional 
(cylindrical) shapes. As described 
below, the three-dimensional locking 
sprags offer several advantages over 
the two-dimensional sprags. [Three
dimensional roller locking sprags with 
more complex designs, plus mecha
nisms that contain them, were 
described in two prior NASA Tech Briefs 
articles, though not in explicit compari
son with two-dimensional roller locking 
sprags. Those articles were "Clutch 
Combined With Screw-Released Roller 
Brake" (GSC-13674), Vol. 20, No. 12 
(December 1996), page 94; and "Roller 
Unlocking Sprags" (GSC-13692), Vol. 
20, No. 12 (December 1996), page 96.) 

Within the basic two- and three
dimensional schemes, the sprags and 
mating parts can be designed in a large 
variety of sizes and shapes. To illustrate 
the basic principles and the differences 
between the two schemes, the figure 
shows part of a one-way roller clutch or 
brake mechanism with a relatively sim
ple two-dimensional roller locking sprag, 
plus the corresponding part of a similar 
mechanism with a three-dimensional 
roller locking sprag. In the two-dimen
sional version, the sprag is gently 
spring-loaded into contact with the 
cylindrical rotary driving member and 
the cam surface on the rotary driven 
member. The driving and driven mem
bers are coaxial. Any attempt to turn the 
driving member clockwise causes the 
sprag to become jammed between the 
driving member and the cam surface. 
The frictional force associated with this 
jamming transmits clockwise torque 
from the driving to the driven member. 
Any attempt to turn the driving member 
counterclockwise causes the sprag to 
become unjammed, so that the driving 

2b 

member slips freely past the sprag and 
little counterclockwise torque (other 
than that associated with the slippage) 

y 
Driven Member I 

Sprag 

A 

is transmitted from the driving to the dri
ven member. 

The design choice of the cam angle 

y , 

VIEW A-A 

PREVIOUS (TWO-DIMENSIONAL) DESIGN 

Driven Member Groove 

B VIEW B-B 

PRESENT (THREE-DIMENSIONAL) DESIGN 

The Two- and Three-Dimensional Designs are similar in their basic principles of operation. 
However, the angle f and the radius of curvature R2 in the three-dimensional design are addi
tional degrees of design freedom that can be exploited to enhance performance. 
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(~ is a compromise between two con
siderations: 
1 . For a given value of the coefficient of 

friction, the jamming forces and fric
tional forces available for transmission 
of torque increase with decreasing e. 
Thus, by making q smaller in a given 
design, one can increase the maximum 
locking torque. Mernatively, one can 
decrease e to obtain the same locking 
torque at a lower coefficient of friction; 
this is desirable if the sprags are to be 
lubricated (as they usually are). 

2.The increase in jamming forces with 
decreasing e is accompanied by 
increased contact forces, stresses, 
and deformations. The contact stress
es and deformations can become 
excessive. It can become necessary to 
design the driven member to be radial
ly thicker and/or axially longer to with
stand the stresses and reduce the 
deformations. 
The compromise value for e in a typi

cal design is about 6°. 

In the three-dimensional version, the 
contact surfaces on the sprag are con
vex chamfers, while the mating contact 
surfaces on the driving and driven mem
bers are the sides of grooves that have 
truncated-V-shaped cross sections. The 
sides of the grooves lie at angle ¢ with 
respect to vertical. The radius of curva
ture (RiJ of the convex chamfered sur
faces of the sprag at the point of contact 
can be chosen independently of the roll 
radius (Rl)' 

One can exploit ¢ and R2 in various 
combinations to obtain improvements in 
one or more of the following ways: 
1.0ne can choose R2 » Rl to minimize 

contact stresses. 
2.Uke a decrease in e, a decrease in ¢ 

causes an increase in frictional forces 
available for transmission of torque 
and in the associated contact forces 
and deformations. One can exploit this 
effect to increase the maximum lock
ing torque, to achieve the same maxi
mum locking torque while using a 

more slippery lubricant, or to achieve 
the same maximum locking torque 
while increasing e to reduce contact 
stresses. 

3. The driven member in the three-dimen
sional configuration inherently resists 
deformation by contact forces better 
than does the driven member in the 
two-dimensional configuration. Thus, 
less thickening and/or lengthening is 
needed to effect any reinforcement 
that might turn out to be necessary. 
This work was done by John M. 

Vranish of Goddard Space Flight 
Center. For further information, write in 
56 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Goddard Space 
Right Center; (301) 286-7351. Refer to 
GSC-13617. 

o One-Time-Opening Miniature Isolation Valves 
These valves would replace larger, pyrotechnically actuated valves. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Miniature electrically actuated, one
time-opening isolation valves for turning 
on small flows of pressurized gases 
have been proposed to replace larger 
pyrotechnically actuated, one-time
opening isolation valves that weigh at 
least 150 g apiece. The proposed 
valves would not generate large 
pyrotechnic shocks, would weigh only 
a few grams apiece, and would fit on 
chips no larger than 1 cm2

• The valves 
would be made mostly of silicon, by 
use of some of the same techniques 
used to fabricate integrated electronic 
circuits. 

The figure illustrates a typical valve of 
this type. A channel would be etched 
into a silicon chip. A metal or doped sil
icon plug would be placed at one loca
tion along the channel to obstruct flow 
until the desired time of opening. Metal 
electrical leads would connect the plug 
with a valve-opening electrical circuit. 
To open the valve, the circuit would 
supply enough electrical current to melt 
and/or vaporize the plug. 

The pressurized upstream gas 
released by melting and/or vaporization 
of the plug would carry the plug debris 
downstream. The channel downstream 
of the plug would have to be configured 
so that these debris could condense 

4b 

harmlessly on valve surfaces, without 
forming a new plug that would block 
the flow, and without contaminating the 
gas leaving the valve. For example, the 
channel could be made in a zigzag pat
tern as shown in the figure, so that the 
plug material would tend to condense 

Low-Thermal-Expansion 
Glass 

Silicon Wafer 

at the corners where the channel 
changes direction. Other channel con
figurations will be explored. The down
stream portion of the channel should be 
widened to prevent clogging by con
densed plug debris. Comb filters 
should be placed downstream of the 

The Plug Would Block the Channel until melted by electrical current supplied via the metal 
leads. 
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condensation region to catch free parti
cles of condensed plug material. 
Optionally, one could include several 
parallel channels downstream of the 
plug to decrease resistance to flow. 

The valve could be made as a dis-

crete device or integrated with other 
flow components on the silicon chip. 
The chip could be encapsulated in a 
metal case fitted with tube connectors. 

This work was done by Juergen 
Mueller, Ulac Muller, and Thomas George 

of Ca/tech for NASA's Jet Propulsion 
Laboratory. For further information, 
write in 17 on the TSP Request Card. 
NPO-79927 

o Stepped Brush Seals Would Balance Axial Thrust 
Marshall Space Flight Center, Alabama 

Brush seals between the rotor and 
stator in a gas turbine would be 
designed to balance axial thrust, 
according to a proposal. In typical appli
cation, the outer diameter of the rotor 
would be stepped at upstream and 
downstream sealing locations to engage 
brush seals. The sealing brushes would 
be mounted in the stator and would be 
similarly stepped on their inner diame
ters. The steps on the rotor and on the 
brushes would be dimensioned and 

positioned so that more brushes would 
be engaged and/or the brushes already 
engaged would be bent more with 
increasing axial displacement of the 
rotor from a nominal central axial posi
tion. Thus, the brush/rotor engagement 
would resist increasing axial displace
ment with increasing force. The edges 
of the steps on the rotor would be 
chamfered to facilitate engagement and 
prevent excessive bending upon 
engagement or reengagement. If neces-

sary, stiffeners could be installed 
between brushes; these stiffeners would 
be, essentially, springy washers with 
inner diameters somewhat larger than 
those of the brushes. 

This work was done by Mark S. 
Schroder of United Technologies Pratt & 
Whitney for Marshall Space Flight 
Center. For further information, write 
in 23 on the TSP Request Card. 
MFS-28944 

o Device Alleviates Bending and Torsion Loads 
Sliding friction dissipates excess energy and spring tension provides automatic reset. 
Lyndon B. Johnson Space Center, Houston, Texas 

A device limits the bending and tor
sion loads that can be transmitted 
between two structural components. It 
also dissipates the excess kinetic and 

potential energy introduced by over
loads and then resets itself. 

The device (see figure) includes a cen
ter body attached to one structural 

Center Absorber 

CUTAWAY VIEW SHOWING PARTS 
ALIGNED (NO OVERLOAD) 

TILTING TO REUEVE BENDING OVERLOAD 

component and a crown attached to the 
other structural component. The center 
body and crown are joined along their 
common axis of symmetry by a shock 

00 

RIDING UP CAlI SURFACES TO 
REUEVE TORSION OVERLOAD 

A Spring in the Shock Absorber yields, allowing the center body to (1) tilt on the crown to relieve a bending overload or (2) ride up (and, if 
necessary, slip over the tops of) the cam surfaces on the crown to relieve a torsion overload. 
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absorber. An axial-preload spring 
removes any backlash and acts to main
tain alignment by pulling the center body 
and crown together. In the absence of 
an overload, the center body and crown 
remain aligned, with rollers on the outer 
circumference of the center body resting 
at the bottoms of V-shaped cam sur
faces in the crown. 

When a bending load greater than a 
preset limit is applied between the two 
structural components, the center body 
tilts on the crown and the shock 
absorber becomes stretched, relieving 
the load. When the applied bending load 
returns to a value below the preset limit, 

the spring on the shock absorber pulls 
the center body and crown back into 
alignment, and friction in the shock 
absorber dissipates the excess energy. 

When a torsion load greater than a 
preset limit is applied between the two 
structural components, the rollers on 
the center body ride up the cam sur
faces on the crown and the shock 
absorber becomes stretched, relieving 
the load. When the applied torsion load 
returns to a value below the preset limit, 
the spring on the shock absorber pulls 
the center body back down, so that the 
rollers become reseated at the bottoms 
of the cam surfaces. As in the case of 

o Micromachined Cryogenic Capacitive 
Pressure Transducers 

bending, friction in the shock absorber 
dissipates the excess energy. 

This work was done by Horacia M. de 
la Fuente, Michael C. Eubanks, and 
Tony X. Dao of Johnson Space 
Center. For further information, write 
in 58 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Johnson Space 
Center .. (713) 483-4871. Refer to MSC-
22515. 

Capacitor dimensions can be selected to tailor resolutions and dynamic ranges. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Miniature capacitive pressure trans
ducers are undergoing development for 
use at temperatures as low as a few 
Kelvins. These transducers are made 
from single-crystal silicon wafers by 
micromachining techniques like those 

used to fabricate integrated circuits. 
The measurement principle involves 

the use of two slightly separated dia
phragms with electrodes on their sur
faces (see Figure 1). Changes in pres
sure cause changes in the deflections of 
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the diaphragms and, consequently, 
changes in capacitance between the 
electrodes. The capacitances in trans
ducers of this type ordinarily range from 
a few to a few tens of picofarads; such 
capacitance values are readily measur
able. 

In the original application that prompt
ed the development of these transduc
ers, there was a need for performance 
superior to that of the best low-temper
ature pressure transducers then com
mercially available. Whereas the state
of-the art resolution of capacitive pres
sure transducers was 1 part in 108

, the 
required resolution was 1 part in 109 in 
pressure at a temperature of 4.2 K, with 
a pressure range of 10 bar (1 MPa). 
Requirements like these can be satisfied 
by using micromachining techniques to 
set capaCitor gaps, diaphragm thick
nesses, and other dimensions and 
thereby tailor dynamic ranges and 
shorting pressures (the shorting pres
sure of a transducer is the pressure that 
is sufficient to push the electrodes 
together and thereby short-circuit the 
capacitor). For maximum resolution, the 
shorting pressure should be close to the 
anticipated value of the pressure to be 
measured (see Figure 2). 

Each diaphragm for a transducer of 
this type is fabricated from a thin silicon 
membrane. A shallow well is etched on 
one side of each diaphragm. By a 
micromachining process that includes 
photolithography and evaporative depo
sition of metal, a metal circular electrode 
is formed in the middle of each well, 
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Wires 10 
External Circurtry 

t:::;~s~;;z:::~ Capadlor Gap 24 J1m at Zero 
-- Applied Pressure 

I· Electrode Diameter 

·1 3mm 

Note: Not to scale. 

Figure 1. The Deflection of the Diaphragms under applied pressure 
changes the capacitance between the electrodes. Optionally, to pro
vide a reference capacitance, an identical pair of diaphragms with 
electrodes (omitted from this view for the sake of clarity) can be 
placed under the diaphragms shown here. 

Figure 2. This Calibration Curve of a prototype micromachined 
capacitive pressure transducer was obtained from measurements 
on helium vapor in equilibrium with helium liquid at known temper
ature. Note that the rate of change of capacitance with pressure, 
and thus the resolution of the transducer, is maximum near the 
shorting pressure. 

along with a radial metal conductor that leads to the external 
capacitance-measuring circuitry. In assembling the transducer, 
the diaphragms are stacked together with their wells facing 
each other, so that the sum of depths of the wells closely 
approximates the capaCitor gap in the absence of pressure on 
the diaphragms. Applied pressure deflects the diaphragms 
toward each other. decreasing the capacitor gap and thus 
increasing the capacitance. Typically. a well is about 12 j.Jm 
deep. so that a zero-pressure gap between electrodes is 
about 24 j.Jm. 

Typical diameters of the electrodes and diaphragms are 3 
and 25 mm, respectively. With these diameters, the electrodes 
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in a transducer remain nearly flat when the diaphragms 
deflect. Consequently, the approximate parallel-plate formula 
for the capacitance as a function of the gap thickness remains 
valid when pressure is applied. 

This work was done by Pierre M. Echtemach and Ulf E. 
Israe/sson of Caltech for NASA's Jet Propulsion Laboratory. 
For further information, write in 68 on the TSP Request Card. 
NPO-19703 

0 Resilient, Flexible 
Rope Seals for 
High-Temperature Service 
Sheathed coil springs and fiber core 
suppress leakage of hot gases. 
Lewis Research Center, Cleveland, Ohio 

Braided rope seals of a proposed type are designed to 
exhibit new levels of resilience and flexibility, with minimal per
manent set and minimal hysteresis. These rope seals main
tain sealing action in the presence of (1) irregularity of the sur
faces to be sealed and (2) thermal and mechanical variations 
of the gaps between the surfaces. These seals are similar to 
the ones described in "High-Temperature, Flexible, Fiber
Preform Seals" (LEW-15085), NASA Tech Briefs, Vol. 17, No. 
2 (February, 1993), page 75. They are intended especially for 
use in high-temperature service in aircraft and ground-based 
turbine engines and in gaps between sliding aerodynamic 
control surfaces. They may be used to accommodate and 
seal relative thermal growths between hot turbine vanes and 
shroud support structures. They might also be used to seal 
doors for passenger access, cargo, and landing gear on 
supersonic and hypersonic aircraft. Other commercial appli
cations may include industrial-tube seals, furnace-door seals, 
heat exchangers, glass-processing and continuous-casting 
equipment, and high-temperature molds, amongst others. 

A rope seal of this type (see figure) is constructed of a cen
tral core and a resilient spring member overbraided with at 
least one sheath layer. The canted coil spring is made of a 
high-temperature, creep-resistant alloy. The braided sheath 
layers are made of wires or ribbons of a high-temperature, 

A Rope Seal for High-Temperature Service is built around a cant
ed coil spring. The core reduces leakage and resists crushing. The 
sheath reduces leakage and contributes to resilience and flexibility. 
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oxidation-resistant superalloy. If the seal 
were expected to be exposed to limited 
scrubbing, then the sheath could alter
nately be braided of ceramic fibers. The 
spring provides stiffness and load-carry
ing capacity. It accommodates the large 
deflections that occur in many sealing 
applications. Braided, tightly packed 
sheath elements suppress both the flow 
of gas through the rope seal and leak
age past the contacts between the rope 
seal and adjacent surfaces. To resist 
leakage further, the space between 
adjacent coils can be filled by windings 

of ceramic/metal fibers or with other 
packing material. 

To enable the rope seal to resist large 
crushing loads, a core comprised of 
axial filaments or a braided structure is 
inserted in the coil spring. These fila
ments are made of any material capable 
of withstanding the anticipated combi
nation of crushing loads, high tempera
tures, and oxidizing atmospheres. 

The resilience and flexibility of the 
rope seal permit the seal to accommo
date tight bends without lifting away or 
kinking. 

This work was done by Bruce M. 
Steinetz of Lewis Research Center and 
Lawrence A. Kren of Modem 
Technologies Corp. For further informa
tion, write in 11 on the TSP Request 
Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to NASA Lewis Research 
Center, Commercial Technology Office, 
Attn: Tech Brief Patent Status, Mail Stop 
7-3, 21000 Brookpark Road, Cleveland, 
Ohio 44135. Refer to LEW-16231. 

~ Twist Planet Gear Drive 
Features include antibacklash action and high torque multiplication. 
Goddard Space Flight Center, Greenbelt, Maryland 

The twist planet gear drive has been 
invented to combine the best perfor
mance characteristics, while eliminating 
the disadvantages, of both harmonic 
and conventional planetary gear drives. 
"Twist" refers to the manner in which 
forces act on the planet gears during 
operation, as explained below. The twist 
planet gear drive is related to the 
anti backlash , high-torque-multiplication 
mechanism described in "Carrierless 
Antibacklash Planetary Gear Assembly" 
(GSC-13608), NASA Tech Briefs, Vol. 
20, No. 7 (July, 1996), page 28. The 
twist planet gear drive is also an 
anti backlash , high-torque-multiplica
tion, carrierless planetary gear drive, 
and it functions similarly in several 
respects. However, the planet gears in 
the twist planet gear drive are made in 
one piece, whereas those in the other 
drive are made in two pieces. As a 
result, the twist planet gears can be 
made smaller and stiffer, leading to 
improved torque-transmission and anti
backlash performance. 

A 

+ 

Inner Ring Gear A--, 

Planet Gear 

TOP VIEW WITH HOUSING REMOVED 

7 
Ball Bearing Inner Ring Gear 

(Grounded) 
Input Shaft 

, 
SECTION A-A 

SIDE VIEW OF PLANET GEAR 

Clockwise Preload 

III 
Counterclockwise Preload 

,. 
PRELOAD SPRINGS AND BALLS IN 
TWO CLASSES OF PLANET GEARS 

The figure illustrates one of several 
versions of the twist planet gear drive. 
The drive includes an inner ring gear 
that is grounded; that is, fastened to an 
external structure to hold it stationary. 
An input shaft turns a sun gear, rotating 
in ball bearings in the inner ring-gear 
structure. There are four planet gears 
spaced apart at equal angles. Each 
planet gear has two sets of teeth; a 
lower set of straight teeth and an upper 
set of helical teeth with a somewhat 
greater pitch radius. The straight teeth 
engage both the sun gear and the inner 
ring gear. Thus, the sun gear drives the 
planet gears, causing them to rotate 
and to travel around the inner ring gear. 

The Twist Planet Gear Drive has an anti backlash feature and combines the advantages of 
harmonic and conventional planetary gear drives. 
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The helical teeth on the planet gears 
engage both a speeder gear collinear 
with the sun gear and an outer ring gear, 
which is mounted in a housing connect
ed to the output shaft collinear with the 
input shaft and sun gear. The speeder 
gear serves to react forces in such a way 
as to prevent the planet gears from 
being pushed inward or tilted when a 
load is applied. 

When the sun gear turns clockwise, 
for example, the planet gears rotate 
counterclockwise while orbiting clock
wise around the common inpuVoutput 
shaft axis. The counterclockwise rotation 

of the planet gears is transmitted to the 
outer ring gear and thus to the output 
shaft. However, the counterclockwise 
motion of the upper annular gear is 
reduced by the clockwise orbiting 
motion of the planet gears, so that the 
net rotation of the output shaft is much 
slower than the rotation of the input 
shaft , and the output torque is multiplied 
accordingly. The entire drive train is very 
efficient, involving essentially rolling fric
tion. The speed-division factor, which 
equals the torque-multiplication factor in 
the case of zero friction , is given by 
speed in/speed out = 2Rpl(Rs + Rpi + 

RUSSIA'S SECRET TECHNOLOGIES 
REVEALED ___ _ 

With rhe Cold War over and Iron Cumin "lifted,' Russia is 
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Our guarantee: !fyou art! not satisfied with Russian Tech Briefs. you may eanul at any time arul 
rtcfive an immediatt refund on the unused portion of your subscription. 
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R~/[Rs(Rpl - R~]. where Rs denotes the 
pitch radius of the sun gear and Rpl, and 
RPJ denote the pitch radii of the lower 
and upper sets of teeth, respectively, on 
the planet gears. 

Although the output shaft turns oppo
Sitely to the input shaft in this version, it 
can be made to turn in the same direction 
in a different version. As indicated in the 
equation above, the sign of the speed
reduction and torque-multiplication factor 
(and thus the direction of output rotation) 
can be changed by making the pitch 
radius of the upper teeth on the planet 
gears smaller instead of larger than that of 
the lower teeth. Of course, this would also 
necessitate accommodating changes in 
the sizes of the other gears. 

Each planet gear is axially preloaded 
against the inner flange surface of either 
the stationary structure that supports the 
inner ring gear or else the outer housing 
connected to the output shaft. The axial 
preload is supplied by a compression 
spring and a plastic ball located in an 
axial bore. The reaction of the preload 
via the helical gear teeth causes the 
planet gears to twist slightly to the limit 
of the slack between the planet gears 
and the gears with which they are 
engaged; this action eliminates back
lash. The helical teeth are pitched at an 
angle of about 60 from the axis. This 
small helix angle is a locking angle in the 
following sense: When the output shaft 
encounters opposing torque, frictional 
forces between mating teeth build up 
faster than do forces that tend to coun
terrotate the planet gears. As a result, 
the mating helical gear teeth remain 
locked together in the relative position of 
initial contact. 

To compensate for backlash in both 
clockwise and counterclockwise rota
tion, it is necessary to provide planet 
gears with opposed preloads; that is, 
with each planet gear biased axially in 
the direction opposite that of its nearest 
neighbors. It is also necessary to use an 
even number of planet gears, the mini
mum being four as shown in the figure, 
because only half the planet gears are 
transmitting torque at any given time. 

This work was done by John M. 
Vranish of Goddard Space Flight 
Center and Steve Gorevan of Honeybee 
Robotics, Inc. For further information, 
write in 49 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to the 
Patent Counsel, Goddard Space Flight 
Center; (301) 286-7351. Refer to GSC-
13621. 
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o Magnetostrictive Valve for Use at 
Low Temperature 

GHT Features include remote controllability and little heat leakage. 
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NASA's Jet Propulsion Laboratory, Pasadena, California 
The figure illustrates a valve 

designed for use in a cryogenic appa
ratus. The valve provides remote con
trol of the flow of liquid helium or other 
fluid and contributes minimally to the 
undesired leakage of heat into the 
apparatus. The valve is built in two 
modules: a valve module and an actu
ator module. 

The main body of the valve module is 
a stainless-steel housing. The poppet 
in this valve is a stainless-steel ball 
contained in a passage between an 
inlet and an outlet in this housing. This 
passage is sealed between two stain
less-steel diaphragms that are elec
tron-beam-welded to the valve hous
ing. The valve is held normally closed 

Actuator 
Module 

Positioner 

component is made of an alloy of the 
rare-earth metals terbium and dyspro
sium in the composition Tbo.74 DYo.26. 
This alloy was chosen because it 
exhibits a large magnetostrictive effect 
in the intended operating-temperature 
range near 4 K. To provide additional 
flexibility for adjustment of the actua
tion force, a threaded force adjuster 
with a second set of Belleville springs is 
incorporated into the actuator module. 

The magnetic field needed to pro
duce the magnetostrictive effect is pro
vided by an electromagnet in which the 
coil of wire is made of NbTi. The cur
rent needed to generate a magnetic 
field strong enough to open the valve is 
about 2.3 A. Because the NbTi wire is 

Thermal Post 

/ 

TbO.74DyO.26 

Superconducting 
Solenoid (NbTi Wire) 

Electron-Beam
Welded Joints 

__ Stainless-Steel 

~~~j;l~~b~icl---: Valve Housing 

Valve 
Module 

Stainless-Steel 
Ball 

Belleville Springs Push the Ball Upward into the valve seat, closing the valve. When the 
magnetostrictive rod is energized . it pushes the ball downward. unseating the ball and thus 
opening the valve. 

by Belleville preloading springs that 
push the ball upward against the valve 
seat in the housing with a force of 
about 150 Ib (about 670 N). 

The valve is opened by use of a 
magnetostrictive actuator that, when 
actuated, pushes downward on the 
ball with a force sufficient to overcome 
the compressive preload and unseat 
the ball. The magnetostrictive actuator 

www.nasatech.com 

superconductive at the low operating 
temperature, there is no electrical heat
ing in the coil to contribute to leakage 
of heat into the cryogenic apparatus. 

This work was done by Inseob Hahn, 
John Gatewood. and Martin Barmatz 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information. 
write in 84 on the TSP Request Card. 
NPO-19480 
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SPECIAL ADVERT1SING SUPPLEMENT TO NASA TECH BRIEFS 

Industry Leaders 
METAL POWDER INDUSTRIES FEDERATION 
Serving the Dynamic Powder Metallurgy and Particulate Materials Industries 

The Metal Powder Industries 
Federation (MPIF) is the trade 
association for the intemational 
powder metallurgy (P/M) and 
advanced particulate materials 
industries. Founded in 1944, 
MPIF is comprised of the follow
ing associations covering different 
sectors of the growing P/M field: 
Metal Powder Producers Associ
ation, Powder Metallurgy Parts 
Association, Powder Metallurgy 
Equipment Association, Advanced 
Particulate Materials Association, 
Metal Injection Molding Associ
ation, and Refractory Metals Asso
ciation. 

As the "voice" of the intema
tional P/M and advanced particu
late materials industries, MPIF 
serves to promote and support 
these industries through its many 
activities. MPIF is recognized as 
one of the most effective trade 
associations in the metalworking 
industry and has been an innova
tor in standards development, 

VAT, INC. 
Worldwide Leadership 

February 1997 

industry development 
and promotion, and 
technology transfer in 
the form of confer
ences, seminars, and 
publications. 

Powder metallurgy 
and particulate mate
rials are vital to the 
success of products 
such as passenger 
cars and light trucks, 
jet turbine engines, 
cutting tools, home 
appliances, computer peripherals, 
and medical equipment. The P/M 
industry has grown dramatically 
within the last decade and like 
MPIF, has enjoyed a synergistic 
relationship among metal powder, 
equipment, and P/M parts and 
specialty products suppliers. 

No longer considered a substi
tute or second-class process, pow
der metallurgy is the first and 
sometimes the only choice to 
form precision, high-performance 

products operating 
in demanding appli
cations. The typical 
U.S.-produced fami
ly vehicle contains 
almost 30 pounds of 
P/M parts, a figure 
that will grow to 
more than 40 
pounds by 2000. 
Through the end of 
1996, more than 
75 million powder
forged (P/F) connect

ing rods have been produced and 
used in GM, Ford, and Chrysler 
auto engines. This single applica
tion has proved P/M's long-term 
reliability more than any other 
product. 

The metal injection molding 
(MIM) sector of the P/M industry is 
expanding with major markets in 
medical, firearm, and business 
machine applications. 

The growth of advanced partic
ulate materials will continue well 

VAT® 

VAT offers by far the 
largest choice of vacu
um valves worldwide -
a variety of more than 
1000 standard valves 
can be ordered from 
our catalog. 

There are standard compo
nents in production equipment as 
well as R&D facilities worldwide. 

Applications include: 
• semiconductor manufacturing 
• thin film technology 

into the 21 st century. These prod
uc~ include composite~, inler
metallics, metal fibers, high-speed 
steels, coated binder powders, 
submicron powders and process
es such as hot isostatic pressing, 
spray forming, plasma spraying, 
and mechanical alloying. New 
applications for these materials 
and processes include automo
biles, aircraft engines, electronic 
packaging, sporting goods, com
puter peripheral equipment, and 
medical markets. 

Prospects for P/M's future look 
very promising as design engineers 
select powder metallurgy as a way 
of producing innovative products 
more efficiently than with other 
metal forming processes. 

For more information, contact: 
Metal Powder Industries Feder
ation, 105 College Road East, 
Princeton, NJ 08540-6692; Tel: 
609-452-7700; Fax: 609-987-
8523; http;l/www.mpif.orglmpif. 
For More Information Write In No. 834 

• metallurgy 
• surface analysis 
• tube manufacturing 
• space simulation 
• synchrotrons 
• high-energy physics 
• nuclear fusion 

research 
• laser technology 

Visit our website at 
http://www.vatvalve. 
com. 

For more information, 
contact VAT, Inc. USA, 500 West 
Cummings Park, Woburn, MA 
01801; Tel: 617-935-1446 or 
800-935-1446; Fax: 617-935-
3940. 
For More Infonnation Write In o. 835 
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PENN ENGINEERING & MANUFACTURING CORP. 
Manufacturer of Self-Clinching Fasteners 

PEM" fasteners provide strong, 
quality threads in metal and PC 
boards too thin to be tapped. PEM 
fasteners are installed easily by 
inserting them into punched or 
drilled holes and applying parallel 
squeezing forces. In ductile materi
als, as the installation force is 
applied, part of the sheet cold flows 
into an undercut beneath the head, 
thereby making the fastener an 
integral part of the sheet. A serrated 
clinching ring prevents the fastener 
from rotating once installed. 

PEM brand broaching fasteners 
for printed circuit boards and non
ductile materials are pressed into 
drilled mounting holes and held 
permanently in place by an inter
ference fit. Both self-clinching and 
broaching designs withstand sub
stantial pushout and torque-out 
forces. 

PEM brand fasteners are avail
able in many variations. Selec
tions of threaded fasteners include 
free-running, self-locking, floating, 

and blind hole types meeting 
Unified, ISO, and MIL standards. 
They are available in carbon steel, 
stainless steel, and aluminum. 

Penn Engineering & Manufac
turing Corp. has been manufactur
ing these qual ity fasteners for more 
than 50 years. Today, PEM self
clinching fasteners are used 
throughout the world by manufac
turers of electronic, communica
tions, aerospace, and automotive 
equipment. They are also used in 
an ever-increasing number of 
applications in appliances, farm 
machinery, and tools. To help you 
identify genuine PEM brand fasten
ers, most are marked by one of our 
registered trademarks: "PEM" or 
"one and two groove" trademark 
on internally threaded fasteners 
and a "recessed dimple" on the 
ends of studs. 

For more information, call 800-
237-4736 or visit us on the Web at: 
http/ /www.pemnet.com. 
For More Infonnation Write In No. 836 
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April 2-4, 1997 i:;:( Orlando Hyatt i:;:( Kissimmee, Florida 
For registration info, complete the form below, call (360) 683-5742, 

or visit the SBIR Home Page: www.zyn.com/sbir/ 

Don't miss the next round of solicitations . . . 
plan now to attend this important, information-packed meeting. 

Sponsored by the National Science Foundation, the Department of Defense, 
& the Small Business Administration, in cooperation with all SBIR federal agencies and departments 
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Machineryl Automation 

Variable-Compliance Wrist for Robotic Manipulator 
Springs and cables give compliance, while nesting cones limit the range of compliant motion. 
Goddard Space Flight Center, Greenbelt, Maryland 

A robot wrist (see figure) provides a 
variable-compliance joint between the 
robot arm and its end effector. The man
ipulator can thus be adapted to a variety 
of tasks; for example, insertion of an 
object into a cavity with a precise fit. 

Upon activation by the user, the wrist 
can be made rigid in a precisely chosen 
orientation, or can be made compliant 
within precisely chosen boundaries. 
Hard constraints limit the range of com
pliant motion. If power is lost, the wrist 
reverts to a passive mode of constrained 
compliance or precisely rigid orientation 
or retains its current mode (rigid or com
pliant), at the user's option. 

Older designs of active and passive 
mechanical wrists do not provide both 
compliance and rigid, precise orienta
tion of the end effector. Older strategies 
for active control do not provide a 
choice of rigid orientation or compliance 
on loss of power; moreover, they require 
extensive computational hardware and 
software, which add to the complexity 
and cost of the manipulator and reduce 
its reliability. 

The wrist includes a linear actuator (a 
piston or a lead screw driven by an elec
tric motor), and three parallel connected 
machined plates: a tool plate, a docking 
plate, and an anchor plate. Three short 
axial cables of the same length connect 
the tool plate and the anchor plate so 
that, when they are fully extended, the 
cables make the two plates parallel 
when their longitudinal axes (which are 
perpendicular to the planes of the plates) 
coincide laterally (with respect to dis
placement in the plane of either plate). 
The cable connection points on the tool 
and docking plates are spaced 1200 

apart in a triangular pattern centered on 
the longitudinal axis of each plate. 

The radial distance of the anchor-plate 
cable-connection points from the longi
tudinal axis of the anchor plate differs 
from the radial distance of tool-plate 
cable connection points from the longitu
dinal axis of that plate. This difference in 
radius causes the tool plate to appear to 
rotate about a remote center located on 
the longitudinal axis of the anchor plate 
whenever the tool plate is displaced per-
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pendicularly to the longitudinal axis of 
the anchor plate. The wrist thus exhibits 
a remote center compliance. 

Between the anchor plate and the tool 
plate is the docking plate, which is coax
ial with and parallel to the anchor plate. 
The three cables pass freely through 
holes in the docking plate. The linear 
actuator connects the docking plate to 
the anchor plate. 

When the tool plate and the anchor 
plate are forced together axially by the 
linear actuator, three cones on the dock
ing plate fit snugly into three mating holes 
in the tool plate. The wrist is then rigid. 

When the linear actuator separates 
the tool and docking plates by a dis
tance less than the height of the cones, 
the joint becomes compliant, but its lat
eral and rotational motion is limited 
because the tips of the cones still extend 
into the mating holes in the tool plate, 
thus providing hard stops. The limits on 
the motion are determined by the extent 
of penetration of the cones into the 

, 
, . 

holes. When the tool and anchor plates 
are separated axially by more than the 
height of the cones, short cylindrical tips 
on the cones stili extend through the 
mating holes to provide hard stops. 

Three springs, coaxial with the three 
cables, keep the docking plate separat
ed from the tool plate unless they are 
compressed by the linear actuator. In so 
doing, the springs also tend to resist lon
gitudinal motion of the tool plate toward 
the anchor plate. In addition, they resist 
lateral motion of the tool plate relative to 
the docking and anchor plates. The 
cables provide further axial and lateral 
restoring forces in bending and buckling. 
The springs and cables thus create 
compliance, while the cones ensure pre
cise limits to the compliant motion. 

This work was done by Mark Jaster of 
Goddard Space Flight Center and 
Kenneth A. Knowles, Jr., of McDonnell 
Douglas Space Systems Co. For further 
information, write in 69 on the TSP 
Request Card. GSC-13507 

Tool 
Plate 

Cable 

Docking 
Plale 

Shaft of 
Lanear 
Actuator 

• _____________ ...L- ____ _ Anchor 
Plate 

~---- -------------------~ 
Lmear·Actualor 
Motor Drive 

Note: For clanty. springs and cable anchors are omrtted. 

This Robot Wrist, shown here in Simplified form, can be made rigid or compliant within a lim
ited range of motion. 

www.nasatech.com 65 



Portable Drilling Apparatus for Subsurface Sampling 
Materials that could be sampled include ice, snow, and sand. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

The figure illustrates a prototype of a 
special-purpose compact, lightweight 
robotic drilling apparatus that would be 
flown to an asteroid or comet and used 
to acquire samples of subsurface 
material at depths of as much as 1 m. 
Terrestrial versions of the apparatus 
could likely be designed for remotely 
controlled sampling of snow, ice, sand, 

soil, and soft rock at the same or 
greater depths in inaccessible loca
tions and in such hazardous locations 
as toxic-waste dumps. The prototype 
is capable of a maximum axial transla
tion speed of 3.5 mm/s at an axial 
thrust of 130 N, and a maximum rota
tional speed of 45 r/min at a torque of 
2.25 N·m. 
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IF YOU mINK YOU CAN'T SEAL IT, 
YOU HA.VEN'T TRIED 

EUMA-SEAl: 
Pneuma· Seal is an inflatable gasket that when pressurized with 
air, fills the gaps between surfaces, even hard· to -seal uneven 
surfaces. And when deflated, Pneuma-Seal quicldy retracts to 
prevent interference when opening and clo ing a door or cover. 
You can use Pneuma-Seal as an effective barrier against 
pressure differentials and to seal out water, dust, gas, chem
icals, noise and other contaminants. 

Pneuma-Seal is particularly suitable for : 
Large enclosures where it is uneconomical to machine the 
entire sealing surface 
Uneven fabrications where traditional compression gaskets 
or latches are ineffective 
Horizontal or vertical sUding doors or covers that would 
tend to drag on and abrade conventional seaJs 
Hinged doors where Bush thresholds are required 

lYPical applications include: 
Processing equipment: chemical, food, textile, pharmaceu
ticals, dryers, ovens and where rapid sealing and unseaJing 
are required 
PoUution control: sound attenuation, hopper seals 
Laboratory facillties: test equipment, clean rooms 
Transportation: military vehicles, aircraft, shipboard, mass 
transit doors and hatches 
Construction: special purpose doors, flood protection 

Pneuma-Seal is available in a wide range of profiles, with 
fabric reinforcing where applicable, and in a variery of rubber 
and silicone compounds to meet harsh environmental conditions. 

Pneuma·Sea1 is furnished complete, ready to install as 
continuous loops, strips, rectangles, or other shapes to your 
pecified dimensional requirements. 

To obtain a complimentary copy of our designer's handbook, engineering 
assistance or to have a Presray representative contact you, please call us at any of 
the foUowing telephone numbers: 

(914) 855 · 1220 Telex: 64{)720 
FAX: (914) 855·1139 West Coast: (714) 751 -2993 

Pres ray Corporation 
159 Charles Colman Boulevard, Pawling, NY 12564 

YO MAY AlSO CONTACf US BY CIRCLING THE 
RESPONSE NUMBER INDICATED BELOW. 

For More Infonnatlon Write In No. 4 10 

Unlike some older mechanisms for 
sampling by drilling, this apparatus 
does not include a large, massive drill 
tower with linear bearing slides for axial 
translation of the drill. Instead, the drill 
is translated axially by use of a relative· 
Iy compact lead-screw mechanism, 
and the lead screw is an integral part of 
the drill stem. The depth of the hole 
that can be drilled is thus limited only 
by the length of the lead screw that can 
stand unsupported. 

The apparatus includes a compact 
thrust-and-rotation mechanism that 
contains two drive motors, by means 
of which the rotation and the axial 
translation of the drill can be controlled 
separately. One motor supplies rotation 
and torque to the drill through a pair of 

Thrust 
Motor 

The Prototype Drill ing Apparatus is rela· 
tively compact and lightweight. It contains 
two drive motors and sensors that, together 
with an external control computer, provide 
control of axial and rotational drill motions 
and loads. 
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OEMs, be confused no more. 

The Setra Mass Monitor- has it all. 

It's mcx::fular, easy to install and 

highly accurate. And unlike most 

load cells, it gives you direct digital 
output - no AID converter 

required. That's because the 

Setra Mass Monitor uses our 

patented variable capacitance 

ceramic sensor technology. 
No wonder Designfax gave 
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Monochromatic 
Illumination 

(Pick a wavelength. Any wavelength.) 

Introducing the SEC MIS 1000 - a 
1000 Watt integrated monochromatic 
illumination system ... with ± 0.2nm 
resolution! 
Cover the spectrum from 180-3000nm 
(and higher) with a Xenon arc source 
(UV-VIS-IR) or Xenon-Mercury source 
(for enhanced UV). 
Enjoy maximum performance from a 
system designed to work as a system: 
with matched optics for uniform out
put, and a unitized baseplate for 
mechanical stability. 
Choose form a broad range of 
accessories such as computer 
compatible motorized scan drives, 
sample chambers, optical feedback 
(for unsurpassed source stability), 
shutters, mirrors, and more . 

• 

No other manufacturer can offer 
the combined depth of experience in 
monochromator and source system 
design the SEC offers. Count on that 
expertise for monochromatic illumina-
tion systems from 150-2500 Watts. 

Call or write today. SEC, 67 Woodland 
Ave., Westwood, .J. 07675 
Phone: 201-664-0876 FAX: (201) 664-1214 
Offices in Waldbronn, W. Germany, 
Bedford, UK and Les Ulis, France. 
Representation worldwide. 

67 Woodland Ave. 
Westwood, NJ 07675 
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keyways cut along the length of the 
lead screw. The other motor rotates a 
lead-screw drive nut to impart axial 
translation and thrust. Because of the 
kinematic coupling between the two 
motor drives via the lead-screw thread, 
the speed of the thrust motor must be 
coordinated with that of the rotational 
motor to achieve the desired translation 
speed. Force and torque sensors, plus 
integral position encoders in the 
motors, provide feedback for use in 
closed-loop control of translation, rota
tion, torque, and/or thrust. 

The apparatus also incorporates a 
percussion drilling mode. The percus
sive motion is generated with the help 
of a saw-tooth cam that is keyed to the 
screw shaft. As the cam is rotated, a 
spring-loaded mass is lifted and 
released against the lead-screw drive 
nut, and the resulting percussive force 
is transmitted through the drive nut and 
lead screw to the drill tip. 

The planned design of the drill bit is 
not shown, but is composed of three 
parts: a twin-fluted section with a 
quick-release end, a drill-bit body, and a 
swiveling bit head. Dri ll ing is performed 
by both carbide cutters and indentors in 
the drill head. The head is able to swiv
el 90° to open two sample chambers in 
the drill body. By rotating the drill in 
reverse, the head swivels open and the 
chambers are filled . The drill rotates for
ward to close the chambers, and the 
drill body, with the sample enclosed, is 
brought to the surface. The bit is placed 
inside the science instrument, allowing 
the drill to pick up another drill body for 
further drilling and sampling. 

Closed-loop control is implemented 
by an external computer. For example, 
in force- or torque-control drilling, the 
outputs of the force or torque sensors 
are fed to the computer, where they are 
processed by automatic-control soft
ware, to control axial translation or rota
tion to maintain a constant axial thrust 
or torque load. The ability to do this is 
particularly important, given the wide
ranging material properties that could 
be encountered. The outputs of the 
force and torque sensors can also be 
used to detect trouble in drilling auto
matically; for example, to indicate that 
excessively hard material has been 
encountered, making it advisable to 
move to a new sampling site. 

This work was done by Donald R. 
Sevilla, Richard V. Welch, and Albert J. 
Delgadillo of Caltech for NASA's Jet 
Propulsion Laboratory. For further 
information, write in 22 on the TSP 
Request Card. NPO-1990B 
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Prices include extras 
buy. money ca n't 

What makes AutoCAD3 LT so attractive isn't just the price, 

it's that it comes with peace of mind built in. Based on the 

industry standard, AutoCAD~ it's the only one of its kind 

that allows you to share files qUickly and accurately with 

nearly 1.8 million AutoCAD and AutoCAD LT users world-

wide. That means you can communicate ideas and iterations 

with just about anyone in the industry, whether they' re 

clients, contractors or partners. You can't buy that kind of 

access, but you can get it free with AutoCAD LT. And when 

you do, you can rest assured you're investing in a product 

line that will grow as your business grows. 0 don't wait. 

The sooner you put AutoCAD LT to work for you, the sooner 

you'll see just how invaluable our extras really are. 

New AutoCAD LT for Windows® 95 

0 •• 1", •• ,.. Provides all the benefits of Windows 95 ..... 
';;i: and Office· 95 compliance, including 
~~;rosoft- Windows NI support. Based on AutoCAD 
~ R 13. Powerful CAD tools such as NURBS 
curves, advanced geometry and complex linetypes. Plus set-up 
wizards, a property painter and real-time pan and zoom make 
it easier than ever to use. 

AutoCAD LT for Windows ® 3. 1 

If you're nor yet ready for the move to Windows 95, you can 
still reap the benefits of AutoCAD LT for Windows 3.1 (formerly 
known as AutoCAD LT Release 2) at a new low price. Based on 
AutoCAD R 11 and R 12. 

r True AutoCAD Compatibility 

AutoCAD' L C.ON""""LI 

Other CAD packages claim to read and write 
DWG, but in reality they can only translate it. 

AutoCAD LT's native .DWG file format means 
that you can share files without worry. No long 
waits as your files load, no ballooning file sizes 
and no translation errors. 

VISIT YOUR LOCAL RETAILER TODAY, OR TO RECEIVE YOUR FREE 
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To UPGRADE CALL 1- 00-435-7771 A D ASK FOR OFFER J2 . ~Autodesk. 

VI.II our web .ite for more information about Autodesk products. httpJlwww.autodesk.com·OutsldetbeU.S.andCall.d •• f ... 206.86O.2196.Pricing in U.S. dollar •• estimated 
street price. Certain restrictions may apply. 0 Autodesk. Ine .. "utodesk. tbe Autodesk logo and AutoC .... D are registered trademark •. and Design Your World i. a trademark of 
Autodesk. Jnc. Window. 95 and Windows 3.1 are regi5tered trademarks and Office Compatible and Windows NT are trademarks of Microsoft Corporation. 



Manufacturing/Fabrication 

Friction-Stir-Welding Tool With Real-Time Adaptive Control 
Actuators and instrumentation overcome some previous limitations of friction stir welding. 
Marshall Space Flight Center, Alabama 

An improved machine tool for fric
tion stir welding (FSW) incorporates 
hydraulic actuators, sensors, and con
trol circuitry that function together to 
overcome some of the previous limita
tions of FSW. In FSW, a pin tool with a 
probe tip is plunged into a butt-joint 
configuration and rotated. The friction of 
the rotating pin heats the workpiece, 
plasticizing a column of metal around 
itself. As the pin-tool moves along the 
weld jOint, it extrudes and forces plasti
cized metal to its rear, while applying a 
large downward forging force. The rear
ward-displaced metal culminates into 
an integrally solid microstructure char
acterized by very, very fine ASTM grain 
size. The FSW process can produce 
strong, crack-free welds in alloys that 
tend to crack when fusion-welded. 
Unlike fusion welding, FSW does not 
generate fumes or radiation. Also in 
comparison with fusion welding, FSW is 
relatively energy efficient. 

The present improved machine tool 
for FSW offers the following advantages 
over FSW machine tools of older design: 
• The same tool can be used to weld 

different workpieces of different thick
nesses, or a single workpiece within 
which the thickness varies along the 
weld line. 

• It terminates the weld joint without 
leaving a crater at the end of the tool 
path. 

• It senses surface irregularities and 
changes in the thickness of the work
piece and adjusts the depth of pene
tration of the probe tip accordingly. 

• It can be used to repair welds, 
whether made by FSW or convention
al fusion welding. 
The improved FSW machine tool (see 

figure) includes an arbor, designed espe
cially for the purpose, that is mounted 
in a hydraulically driven high-speed 
machine-tool spindle. The arbor con
tains a hydraulic cylinder and piston dri
ven via a hydraulic slipring with ports 
through the spindle housing. The piston 
drives the probe axially, thus serving as a 
means to control the depth of penetra
tion of the probe into the workpiece. 
Although the probe is free to move lon-

70 

gitudinally within the pin-tool body under 
the influence of the piston, it is not 
entirely free to rotate; instead, the probe 
is connected to the pin-tool body via a 
constant-torque rotary coupling. 

The spindle housing contains a pres
sure transducer, which monitors the dif
ferential hydraulic pressure across the 
piston. Also contained within the spin
dle housing is a vertical locating trans
ducer (VLT1, which senses contact 
between the pin-tool shoulder and the 
workpiece and monitors the depth of 
penetration of the tool into the work
piece. The pressure and depth readings 
are used as feedback signals in a com
puter-based adaptive real-time control 
scheme for maintaining the tool at the 
required depth of penetration, as ex
plained below. 

Once the VLT senses initial contact 
between the pin-tOOl shoulder and the 
workpiece, the shoulder is positioned at 
a predetermined depth below the sur
face of the workpiece. Thereafter, the 
vertical position of the pin tool is adjust
ed, in response to the VLT reading, to 
keep the shoulder at the prescribed 
depth. At the same time, the differential 
pressure across the piston is measured; 
changes in this pressure can be caused 
by surface irregularities, distortions, or 
deviations in the thickness of the work
piece. Whenever the pressure goes out
side a prescribed range, a hydraulic 
valve is actuated to adjust the probe to 
the appropriate depth. 

The tool implements the following 
sequence of actions to terminate a weld: 
When the pin tool nears the end of the 

Instrumentation 

Spindle Housing 

Piston 

(Sensor and Control 
Circuitry) 

Hydraulic Motor 

Upper Bearing 

Hydraulic Slipring 

Hydraulic-Pressure <zz:z:z::b~~~ 
Port 

'f2;fZ6tti.=::z> Hydraulic-Pressure 
Port 

tr.!0~W;77\-_-Connecting Rod 

~:L~~~77r---Constant-Torque 
Coupling 

lower Bearing 
14'~~HL,4--Adjustable Probe 

Arbor·----.. 

Pin-Tool Body 

The Hydraulically Actuated FSW Tool is mounted in a hydraulically driven machine-tool 
spindle. The probe is moved up and down automatically in response to measurements by 
pressure and displacement sensors. 
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That's right. You can talk to your 
AstroDAQ via modem from your 
office PC while it is hard at work in 
the field or factory acquiring and 
recording data. Check these 
additional important features: 
- Rugged construction for use in 

field, factory or lab 
- Built-in UPS guards against 

lost data 
- Widest range of front end signal 

conditioners with DSP-based filtering 
- Big internal 1 Gigabyte hard drive 
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- Complete, ready to use system 
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weld joint. the probe is gradually with
drawn from the workpiece while the 
shoulder is kept at the required depth. 
Once the probe has been fully withdrawn. 
the pin-tool body is slowly withdrawn. 

This work was done by Jeff Ding 
of Marshall Space Flight Center 
and Peter A. Oelgoetz of Rockwell 
International Corp. For further information, 
write in 60 on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel. 
Marshall Space Right Center; (205) 544-
0026. Refer to MFS-30122. 

Back-Side Inert-Gas Shielding Strips for Keyhole Welding 
Effective shielding can be obtained with modest setup effort. 
Marshall Space Flight Center, Alabama 

Simple. striplike gas-distributing boxes 
have been developed to provide inert-gas 
shielding of the back sides of workpieces 
during welding in the keyhole (full-pene
tration) mode. These shielding strips were 
intended originally for use in variable
polarity plasma arc welding of alu
minumllithium alloys. wherein they create 
even layers of protective inert gases that 
blanket the weld joints along their entire 
lengths. both before the keyholes are 
formed and during welding. The shielding 
strips are also adaptable to gas/metal arc 
welding and gas/tungsten arc welding 
where back-side shielding is needed. 

Unlike some back-side purge boxes 
and chambers that move in syn
chronism with welding torches. these 
shielding strips remain stationary during 

For FREE short·form 
catalog on 23 leading 
products, phone 

1-800-DATA NOW 
(328·2669) 

For application examples 
and product specs, see 
our web site: 

http://www.kscorp.com 

\~~~~~ ~ L1 . ~ ~ ~ 

Ki neticSystems 
Corporation 

The Data Acquisition Experts 
900 N. State Street , 
Lockport. Illinois 60441·2292 
Worldwide Ph: (815) 838-0005 . 
Fax: (815) 838-4424 
E·mail: mkt-info~kscorp .com 

For More Information Write In No. 433 

welding. Consequently. the shielding 
strips do not involve ancillary position
controlling and pOSition-monitoring 
equipment and can be mounted on 
workpieces or welding machines with 
modest setup effort. 

A complete welding setup includes 
two of the shielding strips mounted 
between chill bars. on opposite sides of 
the weld joint. The strips are mounted at 
a standoff distance of about 1/8 in. (3 
mm) from the workpiece to provide 
gaps for the flows of gas (see figure). 
The inert gas (typically. argon. helium. or 
a mixture of the two) flows from a sup
ply tank to inlets on the strips. Inside the 
strips. the gas diffuses through stain-

less-steel Wool. then flows through per
forated sheets that extend along the 
entire length of the strips. The gas flows 
out of the strips through the mounting 
gaps, creating a protective atmosphere 
along the entire length of the weld joint. 

This work was done by Samuel 
Dwight Clark and Clinton A. Craig of 
Marshall Space Flight Center and 
Gerald William Bjorkman. Jr.. of General 
Dynamics. For further information, write 
in 41 on the TSP Request Card. 

Inquiries conceming rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel. 
Marshall Space Flight Center; (205) 544-
0021. Refer to MFS-31006. 

Inlets for 
Inert Gas 

Shielding Strips 

VIEW WITH WELDING FIXTURE AND CHILL BAR OMIITED 

Flow of 
Inert Gas Inlet 

1 1/ Chill Bar 

~~~~~~~I 
WOrkPi4tainless_Steel Wool 0 Welding Front 

and Perforated Sheets Torch 

Mounted in a Welding Fixture. the shielding strips blanket the length of the weld joint in inert 
gas. protecting molten metal on the back side of the weld from contamination. 

www.nasatech.com NASA Tech Briefs. February 1997 





NESLAB recirculating chillers provide 
extreme performance for the most demI_~ 
loser applications. 

Extreme Temperature ConIIoI 
Our chiller designs push the limils Ii 
range and copability- computer inlarludllg, 
remote sensing, rapid cool-downs. Plus 
to the finest degree. 

Extreme Fluid CompatibilHy 
In the post, simply cooling ¥MIl top WIIIII 
good enough. Today's ap~icotions 
sophistication of deionized water and. 
that demand specialized moterioIs of 
for compatibility. 

Extreme Pumping 
Nome your flow and pressure ond we (Oft 

a pump to meet it. We have OYer 50 
pumps and plumbing configurations to 
custom fluid and circulating requirements. 

Extreme Customer Support 
A NESlAB chiller is at home in 011 polls 
world. Whether installed in Asio, Europe 
America, we have a customer servke mID 
respond quickly to technicol queslions and 
equipment servicing. 

We take chilling to the lllra ••• 
If you wont to know more about NESlAB 
simply phone us at BOO/4NESIAJ today. 

, 

NESlAB InstrumenIs, .. 
PO Box 1178 
Portsmouth, NH 03002 H78 
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NEWS 
BRIEFS 
Notes from Industry and 
the Federal Laboratories 

Researchers at the Depamnent of Energy's 
Oak Ridge National Laboratory (ORNL) are 
touting an optical microspectrometer they 
developed as an instrument of innumerable 
potential uses. Possibilities for the device, 
about the size of a computer mouse, range 
from gasoline octane analysis and noninvasive 
blood chemistry analysis to environmental 
monitoring, industrial process control, chem
ical warfare detection, and aircrafr corrosion 
monitoring, according to Slo Rajic, principal 
developer and a member of ORNL's 
Engineering Technology Division. 

The device, which is made from a special 
kind of plastic, has multiple precision surfaces 
that diffract light from a diode laser entering 
through an optical fiber input. Because the 
fiber attaches to the unit by way of a connec
tor, it requires no alignment. Another key ele
ment serting the microspectrometer apart is 
the ultraprecise single-point diamond turning 
fabrication technology developed ar ORNL, 
which produces optics-quality surfaces that 
need little polishing. 

Configured to detect different spectral 

ranges, the device could be used as a laser 
warning receiver, for plasma diagnostics, or 
for wavelength division multiplexing for fiber 
optic telecommunications systems. "Unlike 
some of the minispectrometers in use," Rajic 
says, "this system is not merely a scaled-down 
version of a larger system. It's a completely 
new and revolutionary approach." 

Other researchers who played a part in 
developing the microspeccrometer are Boyd 
Evans, Charles Egert, Joe Cunningham, and 
Troy Marlar. The research was supported by 
DOE's Laboratory Directed Research and 
Development fund. 

In November of last year Schott Glass 
Technologies of Duryea, PA, completed the 
first stage of planned expansion occasioned by 
its involvement with the Department of 
Energy's research into inertial confmement 
fusion. For many years the company has 
designed and manufactured glasses for large 
solid-state high-energy laser systems such as the 
Nova facility at Lawrence Livermore National 
Laborarory (LLNL) in California. DOE scien
tists are now developing the next generation of 
these systems for Livermore's National 
Ignition Facility (NIP), which will be made up 
of 192 separate laser beams brought to a com
mon focus on a fuel pellet at the center of a 
fusion test chamber. NIP's basic design was 
certified in 1994 with the successful operation 
of the Beamlet laser, a full-scale prorotype of a 
s.ingle NIP beamline for which Schott pro-

Affordable Thermal Imaging! 
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Whatever your process or research 
appli cation - metal, glass, semicon
ductor, plastic, etc. - you can fi nd 
an affordable Thermal Imaging 
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duced the laser glass. In December the 
Department of Energy, as expected, officially 
designated LLNL as the NIP site. 

The principal mission of NIP is to insure 
that the nation's nuclear weapons development 
is safe and reliable. The signing of the 
Comprehensive Test Ban Treaty by President 
Clinton last year halted active testing of 
nuclear devices. Operation of NIF will also 
help ro validate inertial confmement fusion as 
an alternative energy source and provide a test
bed for understanding processes at work at the 
center of the Sun and other stars. The 
Commissariat a l'Energie Atomique, the 
French counterpart ro the DOE, is designing a 
similar system called Laser Megajoules (LMJ). 

Schott's new building, an extension of pre
sent facilities by about 14,000 sq. fr., will be 
used first for proof-of-concept production 
and testi ng of laser glass for NIF and LMJ. A 
second-phase building of 23,000 sq. fro is 
planned for construction this year. Pilot pro
duction for NIF is expected to begin in 1998. 

The National Institute of Standards and 
Technology (NIST) and Conductlls of 
Sunnyvale, CA, cooperated in a CRADA to 
produce an extremely sensitive high-tempera
ture superconducting bolometer for infrared 
imaging. The device is based on a novel all
epitaXial micromachining technology that 
combines an yttrium-barium copper-oxide 
thin film on an yttria-stabilized free-standing 
zirconia membrane. The NIST-Conductus 
device attained a sensitivity of 0.6 picowatt per 
root hertz, far better than helium-cooled or 
other superconducting bolometers at long 
infrared wavelengths. The previous record for 
sensitivity was 1.5 picowatts per root hertz. 
The device has caught the eye of both NASA 
and the European Space Agency, who have • 
been seeking a bolometer that is cheaper, easi
er, and faster. 

Resonetics Inc. of Nashua, NH, has 
received a Phase I Small Business Innovation 
Research grant from the Cancer Research 
Center of the National Institutes of Health. 
For a six-month period, the grant supports 
investigating the use of excimer lasers for 
micro machining structured phosphors for 
electronic x-ray imaging. Such phosphors are 
critical to radiographic systems under devel
opment for digital mammography. Resonetics 
will use laser ablation to create a fiber optic 
structure in the phosphor, a controlled 
process that can yield square pillar structures 
smaller than 20 X 20 /lm on such materials as 
glass, ceramics, and plastics. The University of 
Massachusetts Department of Radiology is 
collaborating on the project. 

Resonetics has completed a facility expan
sion and renovation. Ron Schaeffer, Director of 
Corporate Development, says the additional 
space will meet current operating requirements, 
but plans are to expand to off-site facilities, the 
first foreseen in California this year. 
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TOWARD AN ALL~SILICON 
OPTICAL~ELECTRONIC CHIP 

L abs at the University of Rochester 
and the Rochester Institute of 

Technology (RIl) have tumed out a single 
chip that, for the first time, integrates a 
porous silicon light -emitting diode (LED) 
into conventional microelectronic circuit
ry. The team of engineers responsible 
labels it an important stride toward an all
silicon system that can process light as 
well as electricity. 

The key element in the integrated chip 
is a sturdier form of porous silicon that 
can withstand today's fabrication 
processes. Philippe Fauchet. leader of 
the team, professor of electrical engi
neering and optics at the University, and 
a senior scientist at its Laboratory of 
Laser Energetics, points out that in 
today's manufacturing environment, a 
silicon wafer travels four or five miles on 
the factory floor through hundreds of 
steps in a very expensive fabrication line. 
"Because of the enormous investment, 
it's important to adapt any new technol
ogy to the fabrication lines already estab
lished,' he said. 

Conventional semiconductor technol
ogy is largely based on crystalline silicon, 
which is an indirect bandgap material. 
This means that in order to allow a pho
ton to be emitted, the silicon crystal 
would have to vibrate. Among a number 
of attempts to solve the problem, one 
stands out: In 1990 J. L. Canham 
showed that silicon could emit high-effi
ciency, room-temperature visible photo
luminescence when its surface was 
made porous through a simple hydroflu
oric acid etch. But the extreme reactivity 
and fragility of porous silicon render it 
unable to withstand conventional manu
facturing techniques. 

With funding from the U.S. Army and 
the National Science Foundation, the 
Rochester team, the largest in the coun
try working on porous silicon, chemically 
modified the material by partial oxidation, 
greatly enhancing its thermal and chemi
cal stability while retaining its desirable 
light-emitting and charge-transport prop
erties. Engineers removed hydrogen 
atoms from the outer layer of particles 
and replaced them with a double layer of 
silicon oxide to produce what is called 
silicon-rich silicon oxide (SRSO). The 
modified material can endure the tem
peratures of 1000 "C typical of the fabri
cation process, as well as other process
ing steps such as layer deposition and 
photoresist etching. 
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CENTRic EMinER (E), bASE (8), ANd COllECTOR (C) TERMiNAls. ThE RiGhT ~AlI of ThE CROSS SECTiON 
s~ows T~E LED's polysilicoN (poly,Si) lOCAl iNTERCONNECT (U) ANd CAThodE, l~l TRANSiTiON lAYER 
(TL), ANd l~e ACTiVE SRSO lAYER. T~E IErr ~AIf shows THE VERTiCAl (pNp) bipolAR dRiVER TRANSiSTOR 
iNSidE A bulk P'TYPE CRYSTAlliNE siliCON (c~Si) SUbSTRATE COllECTOR . 

Specifications for the SRSO-based 
devices at room temperature are as follows: 
electroluminescence peak from 1.7-2.0 eV; 
detectable light emission at an applied volt
age of -2 V and a current density of -10 
mAlcm·2; maximum light intensity of -1 
mW/cm2

; highest extemal power efficiency 
-0.1 percent; and modulation bandwidth 
significantly exceeding 1 MHz. The team 
says the integrated device's circular design 
is area-efficient and scalable, provides 
effective electrical isolation, and demon
strates a truly integrated structure. Devices 
of various sizes were fabricated, with the 
active area ranging from 0.005 to 2 mm. 

Fauchet's group, which includes Karl 
Hirschman of Rlrs Department of 
Microelectronic Engineering, whose task it 
was to do the actual integration of the 
LED and transistor, as well as research 
associates Leo Tsybeskov and Sid 
Duttagupta, now holds the record for the 
most stable porous silicon LED. They 
powered the device for 11 straight days 
before stopping the experiment. Though 
the LED is also 10,000 times more effi
cient than the first light-emitting porous 
silicon developed in 1990, before the 

WNW.nasatech.com 

P~OTOGRAph of A c~ip UNdER TEST, showi"G "'" 
iNTEGRATEd LED UNdER fORWARd biAS, (MiniNG A 
bRiGhT ORA GE p~OlOllJMi"'ESCE CEo 

material can become really practical, the 
team says, it must boost efficiency ten
fold, to one percent, and increase the 
bandwidth a hundredfold. Yet. as Fauchet 
put it, "This is really the first time that 
porous silicon has lived up to its promise. " 

The development was the subject of a 
research paper in the November 28, 
1996, issue of Nature. 
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Improved Stabilization of Delay in an Optical Fiber 
The same optical setup also enables measurement of the delay. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

An optoelectronic apparatus stabilizes 
the signal-propagation delay in an opti
cal fiber used to distribute a frequen
cy-standard radio signal as amplitude 
modulation on an optical carrier signal. 
The apparatus also serves as a means 
for measuring the delay. These capabil
ities will become increasingly important 
as advanced, highly stable frequency 
standards come into use: This is be
cause fluctuations in signal-propagation 
delays introduce phase and frequency 
fluctuations into the delivered signals, 
and unless the fluctuations can be sup
pressed by apparatuses like the present 
one, it will not be possible to take full 
advantage of the high quality of the fre
quency-standard signals. 

Figure 1 schematically illustrates the 
apparatus in the stabilizer configura
tion. The radio-frequency signal gener
ated by the frequency-standard unit is 
used to amplitude-modulate the output 
of an optically isolated laser diode. The 
laser beam is linearly polarized and is 
transmitted along a short optical fiber to 
a polarizing beam splitter, which is ori
ented, with respect to the polarization of 
the laser beam, so that the beam can 
pass through. 

Next, the transmitted beam travels 
along an electrically controlled variable 
fiber-optic delay line; this is a length 
of optical fiber coated with a material 
that has a high coefficient of thermal 
expansion and is mounted in a con
trolled-temperature chamber. Thus, the 
signal-propagation delay can be ad
justed by adjusting the temperature in 
the chamber. 

The transmitted beam then propa
gates along a relatively long optical fi
ber to its destination, where it encoun
ters a Faraday rotator mirror (a combi
nation of a Faraday rotator and a mir
ror). In this case, the mirror is half reflec
tive to let half of the beam power go 
through to a photodetector, which ex
tracts the delivered radio-frequency sig
nal. On the way to the mirror, the Faraday 
rotator rotates the polarization of the 
beam by 45°. The half of the beam that 
is reflected by the mirror passes through 
the Faraday rotator again, so that its 
polarization is rotated by another 45°. 
Thus, the polarization of the light reflect
ed back along the fiber is orthogonal to 
that of the transmitted beam. 

When the reflected light reaches the 
polarization beam splitter, it does not 
pass through as did the transmitted 
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beam. Instead, because of its orthogo
nal polarization, the reflected light is 
diverted to a right-angle port of the 
polarizing beam splitter, where a pho
todetector extracts the round-trip
delayed radio signal. This signal and a 
replica of the original frequency-stan
dard signal are fed to a phase detector, 
which puts out a voltage proportional to 
the cosine of the phase delay caused by 
propagation along the optical train. This 
voltage is amplified, filtered , and used 
as a feedback control (error) signal to 
adjust the temperature to reduce the 
error. The feedback loop constantly 
strives to drive the phase delay toward 
the zero-cosine, zero-error value of (4n + 
1)7tl2 radians (where n is an integer). 

In comparison with similar stabilizers 
developed previously for the same pur
pose, this one is simpler, yet it performs 
at least as well and in some cases bet
ter. In preliminary tests of this appara
tus, the contribution of the stabilized 
fiber to the instability of the frequency 
of the delivered radio signal during an 
observation period of 104 seconds 
ranged from 6 x 10-15 to as low as 9 x 
10-17

, and is expected to range as low 
as about 10-18 once the design is opti
mized. 

Figure 2 shows the apparatus in the 
delay-measuring configuration, which 
involves the same optical setup but dif
ferent electronic circuitry. In this config
uration, the laser-diode output is mod-

ITI 
Radio-Frequency 

Signal Out 

Figure 1. The Propagation Delay in the Optical Fiber Is Stabilized by a feedback control 
loop that adjusts the variable fiber-optic delay line to maintain a constant phase difference 
at the phase detector. 

I Phm7ector I 
Fixed Radio-
Bias Frequency 

SignalOu1 

Figure 2. The Propagation Delay Is Measured in terms of the variation in phase delay 
with frequency. 
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ulated by a swept-frequency radio sig
nal obtained from the output port of a 
network analyzer, while the round-trip
delayed radio signal is fed to the input 
port of the network analyzer. The net
work analyzer then measures the phase 

delay (lP) as a function of frequency (~, 
then calculates the time delay 

(b) from the equation 8 = drp . The delay 
dw 

can be measured to within about 10 ps 
by this technique. 

This work was done by George F. 
Lutes of Caltech for NASA's Jet 
Propulsion Laboratory. For further 
information, write in 50 on the TSP 
Request Card. NPO-19353 

Alternative for Stabilization of Delay in an Optical Fiber 
Transmitted and return signals are discriminated by wavelength 
instead of polarization. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Source of 
Frequency·Standard 

Signal 
(100 MHz) 

I Phot0j'ector I 
/ Phase Detector 

~------~'r---------~ 

Radio-Frequency 
(l00·MHz) 
Signal Out 

The Propagation Delay in the Optical Fiber Is Stabilized against diurnal fluctuations of ambient temperature by a feedback control loop 
that adjusts the temperature of a part of the optical fiber. 

6a For More Information Write In No. 454 

A prototype optoelectronic appara
tus helps to stabilize the phase and 
frequency of a 100-MHz frequency
standard signal delivered to a user 
station as amplitude modulation of an 
optical carrier signal propagating in an 
optical fiber 4.0 km long. The appara
tus is intended particularly to suppress 
phase and frequency fluctuations 
caused by expansion and contraction 
of the optical fiber in diurnal heating 
and cooling cycles, but can also com
pensate for other fluctuations charac
terized by times down to about 10 s. 

This apparatus is similar to the one 
described in the preceding article, 
"Improved Stabilization of Delay in an 
Optical Fiber" (NPO-19353). In both 
cases, round-trip phase delay in the 
optical fiber is measured and used to 
adjust the temperature of a fiber
optic delay line (part of the optical 
fiber) in the effort to keep the overall 
propagation delay as nearly constant 
as possible. However, the two cases 
differ in several respects - especial
ly in the techniques used to generate 
the return signal and to discriminate 
between the transmitted and return 
signals. 

The present apparatus is illustrat
ed schematically in the figure. The 
frequency signal is used to amplitude-
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modulate the output of an optically 
isolated laser diode that emits at a 
wavelength of Al = 1,300 nm. The 
laser beam is launched into the optical 
fiber via a wavelength-division multi
plexer. The first 200 m of the fiber is 
wrapped into a loop that is mounted 
on the cold plate of a thermoelectric 
cooler; this constitutes the controlled
temperature fiber-optic delay line. 
After passing through the loop, the 
light continues along the remaining 
3.8 km of optical fiber to the user sta
tion, where it passes through another 
wavelength-division multiplexer into 
a photodetoctor. 

This photodetector extracts the 
delivered radio-frequency signal, which 
is distributed locally to equipment 
that requires the precise frequency 
reference. The radio-frequency signal 
is also used to amplitude-modulate 
another laser diode to obtain an optical 
return signal at a wavelength A.:z = 
1,550 nm. The optical return signal is 
launched into the optical fiber via the 
wavelength-division multiplexer. 

When it reaches the wavelength
division multiplexer at the other end, 
the optical return signal is directed to a 
photodetector, which extracts the 
radio-frequency return signal. A phase 
detector measures the difference be
tween the phases of the original fre
quency-standard signal and the return 
Signal: The output of the phase detec
tor is a phase-difference voltage, 
which is processed into a control volt
age to adjust the temperature of the 
fiber-optic delay line to drive the phase 
difference toward zero. 

Of course, to the extent to which the 
phase disturbances at Al differ from 
those at 1...2 because of wavelength 
dispersIon in the optical fiber, the sta
bilization can be degraded. In princi
ple, full stabilization could be recov
ered even in that event, provided that 
(a) the Al phase disturbance in the 
delay line is proportional to the A.:z 
phase disturbance in the delay line, (b) 
the Al phase disturbance in the rest of 
the optical fiber is proportional to the 
A.:z phase disturbance in the rest of the 
optical fiber, and (c) the constant of 
proportionality is the same in both 
cases. In a test, the apparatus was 
found to suppress diurnal-tempera
ture-induced phase fluctuations by a 
factor of 40. 

This work was done by Richard L. 
Sydnor, Dean R. Johnson, Malcolm D. 
Calhoun, and George F. Lutes of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further information, write in 46 on 
the TSP Request Card. NPO-19075 
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Electro-Optic Beam
Steering Device 
A PLZT ceramic-based electro-optic device 
combines a resistive network with evaporated 
electrodes to produce beam steering. 
Rome Laboratory, Photonics Center, 
Griffiss Air Force Base, New York 

Optical beam steering has a wide range of applications in 
optical memory, communications, and free space interconnec
tion. Quadratic lead lanthanum zirconate titanate (PlZ1) is a 
promising material to achieve good beam steering because of 
its physical stability, fast time response, and high optical 
transmission. Rome Laboratory researchers demonstrated a 
PLZT electro-optic beam-steering device that had a 3-mm-X-
3-mm working area and deviated the beam 0.04° with an 
applied voltage of 700 V. A time response of 37 .92 ms was 
measured. Rather than use the transverse electro-optic ef
fect, the team chose the longitudinal electro-optic effect. 
Transparent electrodes and the voltage-distributing resis
tors were fabricated on the top surface of the PLZT. On the 
wafer's bottom surface a semitransparent metal film evap
oration provided ground. The figure shows a cross-sectional 
schematic of the device. 

Indium tin oxide (ITO) was deposited for the electrodes, 
while chromium was used for resistors . The conductive 
metal film on the bottom of the wafer was a combination of 
chromium and aluminum. Some transmittance was lost, 
but the effect sought was not sacrificed. To reduce the elec
trode resistance, thus shortening the RC constant and pro
viding a faster time response, thin aluminum strips were 
evaporated onto the center of the electrodes. The electric 
field in the PLZT wafer varied along the direction perpendicu
lar to the electrodes in a square-root manner. The arrows in 
the figure depict the field distribution, with the stronger fields 
represented by the thicker arrows. 

The use of the longitudinal field el iminated polarization 
dependence. The electric field resulting from the inter-elec
trode voltage difference has little influence on the overall 
distribution in PLZT. This happens when the PLZT thickness 
is comparable to the electrode period. In this case, period was 
100 microns. The electric field in PLZT results from two com
ponents: one is between the electrode and ground, and the 
other is from the voltage between the electrode and its neigh
bor electrodes. The first case remained roughly uniform 
through the PLZT, while the second case existed more near 
the top surface of the wafer. As a result the index and phase 
modulation are the effects produced by the electric field com-

GrouM 1e.rmin.&I ITO lnosp.reat 
ele.CVode-1 
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Schematic of the Electro-Optic Beam-Steering Device. 
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ponent that lies along the light path. 
When the electrode spacing is compa
rably smaller than the thickness of the 
wafer, the transverse field effect will have 
a strong influence and may change the 
properties claimed here. 

With proper choice of material, time 
response, optical transmission and volt-

age requirements can all be improved. 
The steering range achieved by this 
design is relatively small, but it is con
tinuous. Combining this with a blazed 
grating can result in a large steering 
range. 

This work was done by Q. W Song, 
Xu-Ming Wang, Rebecca Bussjager, and 

Joseph Osman for the Rome 
Laboratory, Griffiss Air Force Base, 
New York, under government contract 
F30602-94-C-0260. Inquiries concem
ing commercial use of this technology 
may be addressed to Rome 
LaboratorylXP, Griffiss AFB, Rome NY 
13441. 

Tunable Lasers Pumped by Visible Laser Diodes 
Colquiriite crystals and a novel resonator design combine in a system 
suitable for medical applications. 
Naval Command, Control, and Ocean Surveillance Center, RDT&E Division, 
San Diego, California 

Diode pumping of Nd:YAG and other 
rare-earth-doped lasers has produced 
efficient, compact solid-state lasers. 
However, the fixed frequency output 
of these materials makes them a poor 
choice for applications requiring fre
quency agility. In addition, the narrow 

DYE 
LASER 

REFLECTED 

LASER 
DIODE 

mode matching of both the resonator 
and pump mode, threshold powers 
below 10 mW and slope efficiencies in 
excess of 50% have been obtained. 

The Colquiriite laser crystals are 
among the most efficient Cr-doped 
vibronic lasers known, and can operate 

Configuration of Pump and Resonator Optics for visible laser-diode-pumped Colquiriite 
lasers. 

absorption linewidths restrict the 
pump bandwidth to 1-2 nm. But the 
recent commercial development of 
high-power red-emitting visible laser 
diodes has provided the opportunity 
to demonstrate diode-pumped cf+ 
doped vibronic lasers. These solid
state lasers produce tunable emission 
between 750-1000 nm. 

A novel laser resonator design en
ables diode pumping of several cf+
doped Colquiriite laser gain elements, 
including Cr:LiCaAIFs (Cr:LiCAF), 
Cr:USrAlF6 (Cr:USAF), and Cr:USrGaFe 
(Cr:USGAF). These materials are end
pumped by the emission from one or 
more visible laser diodes. By proper 
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continuous-wave, Q-switched, and 
mode-locked. In Kerr-lens mode-locked 
operation, these materials produce 
pulsewidths of approximately 100 fs. 
The tunability range of a given crystal 
can be as high as 200 nm, and doping 
levels exceeding 50% were demonstrat
ed for Cr:USAF. High doping levels 
enable the use of microscopically thin 
laser gain elements. 

The broadband absorption of these 
materials makes them ideal for visible 
laser diode pumping. In addition, the 
insensitivity of the absorption cross sec
tion to pump polarization makes possible 
efficient polarization combination. The 
figure shows a typical laser resonator 

www.nasatech.com 

and the associated pump optics. The 
wavelength range produced by the 
Colquiriite lasers is particularly useful for 
medical applications, and second har
monic generation can obtain operation 
in the blue visible spectrum. 

Referring to the figure, two laser 
diodes are polarization-combined to 
end-pump the Cr-doped Colquiriite 
crystal. In addition, a tunable dye laser is 
used to characterize the laser perfor
mance as a function of pump wave
length. With 1 W of diode pump power, 
over 200 mW of output power was 
achieved. Narrower-stripe visible laser 
diodes generated even better results, 
producing slope efficiencies greater 
than 50% with low-threshold pump 
power. High operating efficiency can be 
obtained without active cooling of the 
laser diodes, as the broad pump 
absorption band makes the laser pump 
efficiency insensitive to pump wave
length. 

The coherence properties and power 
scaling of visible laser diodes are 
expected to improve with time. This will 
allow scaling the excellent results 
obtained with the narrow-stripe diodes 
to higher output power. in addition, 
commercial availability of the Colquiriite 
laser crystals is rapidly expanding, and 
diode-pumped output powers exceed
ing 0.5 W can now be obtained. 

This work was done by Dr. Richard 
Scheps of the Naval Command, 
Control, and Ocean Surveillance 
Center, Research, Development, Test, 
and Evaluation Division. Inquiries con
ceming rights for the commercial use of 
this invention should be addressed to 
Commanding Officer, Attn: Technology 
Transfer Liaison, NCCOSC RDTE DN 
0143, 53560 Hull St., San Diego, CA 
92152-5001; (619) 553-2101. 
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Tip Modules for Fiber-Optic 
Endoscopes With 
Radial Views 
The tip modules would be simple, 
inexpensive, and self-aligning. 
NASA's Jet Propulsion Laboratory, 
Pasadena, California 

Self-aligning optical modules have been proposed for 
installation on tips of optical fibers or fiber-optic cables of 
endoscopes to provide radial views; that is, views perpen
dicular to the longitudinal axes of the cables or fibers . In 
the original application that gave rise to the proposal, there 
was a need for such a tip to provide radial views to an 
infrared-transmissive optical fiber for endoscopic measure
ments of temperature. 

A module according to this concept would include a conical 
reflector in a transparent tube. In the original application, the 

Fiber-Optic Cable 

ONE-PIECE DESIGN 

Conical 
-Indentation 

Reftective 
_Coating 

A Simple Module Would Fit on the End of an optical fiber 
or cable of optical fibers. The dimensions shown are exem
plary only, 
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tube would have to be made of a mate
rial transparent to infrared radiation. The 
inner diameter of the tube would be cho
sen to obtain a sliding (but not exces
sively loose) fit with the tip of the optical 
fiber or cable or with a ferrule or other 
adapter attached to that tip. Radiation 
striking the cone radially would be 
reflected axially into the fiber. Although 
the figure shows a flat conical reflector, 
other designs could include curved sur
faces. The bottom of the figure shows a 
one-piece design for ease of manufactur
ing. Transparent material is molded or 
shaped into a cylinder with a hole for the 
fiber at one end, and a conical indenta
tion at the opposite end. The outside of 
the conical surface is coated with a 
reflective material. The total internal 
reflection effect may conceivably be 
used, under certain oonditions, for cer
tain angles of reflection, instead of the 
reflective coating. 

The fit would help to ensure optical 
alignment. In addition, the adapter could 
incorporate a shoulder stop to ensure an 
axial distance between the fiber-optic tip 
and the conical reflector and thereby 
reduce the angular optical error caused 
by slight eccentricity in the alignment of 
mating parts. 

The modules could be mass-produced 
inexpensively. The conical reflectors 
could be made of metal (e.g., aluminum) 
or of molded plastic coated with metal. 
The tubes could be made of molded 
plastic. It might be possible to combine 
the tube and reflector into a single mold
ed part. If the tube had to be ground or 
machined from a special material (e.g. , 
sapphire), then the portions of its inner 
and outer surfaces through which radia
tion would pass should be polished. 

This work was done by Hiroshi 
Kadogawa, Michael Eastwood, Gregory 
Bearman, and Timothy Krabach of 
Ca/tech for NASA's Jet Propulsion 
Laboratory. For further information, 
write in 91 on the TSP Request Card. 

In accordance with Public Law 96-
517, the contractor has elected to retain 
title to this invention. Inquiries conceming 
rights for its commercial use should be 
addressed to: 

William T. Callaghan, Manager 
Technology Commercialization 
JPL-301 -350 
4800 Oak Grove Drive 
Pasadena, CA 91109 

Refer to NPO-19466, volume and num
ber of this NASA Tech Briefs issue, and 
the page number. 

Fixture for Stripping Coatings 
From Jacketed Optical Fibers 
The fixture holds a fiber precisely for 
chemical stripping. 
Goddard Space Flight Center, Greenbelt, Maryland 

A fixture holds a jacketed glass op
tical fiber in a chemical solution for 
stripping of its coating layer in prepa
ration for mounting in a connector. 
Unlike mechanical stripping, chemical 
stripping does not nick or scratch the 
glass fiber. The fixture improves on sim
ply immersing the end of a fiber in a 
chemical stripping solution by ensuring 
that a precise length of coating, with a 
well-defined edge, remains. 

The fixture (see figure) consists of a 
handle and a fixture body, both made 
of polytetrafluoroethylene or other suit
able material that is chemically inert in 
the stripping solution. A jacketed opti
cal fiber, with its inner and outer jackets 
trimmed away from its end, is threaded 
through the disassembled handle and fix
ture body so that the coated fiber pro
trudes from the fixture body and the inner 
jacket abuts a shoulder stop in the body. 
The handle is then screwed onto the body. 
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The tip of the fixture body and the 
protruding end of the fiber are im
mersed in the stripping solution up to a 
notch that encircles the tip of the fixture 
body. After about 90 seconds, the 
coating softens. The fixture and fiber 
are then withdrawn from the solution 
and the body is unscrewed from the 
handle, wiping away the coating from 
the fiber. Optionally, the coating can be 
wiped off with a soft cloth before 
unscrewing the fixture body. 

The length. L. of the remaining coating 
protruding from the outer end of the in
ner jacket is determined by the dimen
sions of the fixture body; in particular by 
the length of the axial hole from the 
shoulder stop to the tip. Several fixture 
bodies, fabricated with different axial
hole lengths, are available so that an 
appropriate length for mounting can be 
selected. The value of L on the stripped 
fiber is generally accurate to within 

www.nasa:tech.com 

Overnight Dellveryl No extra chargel 
Pay the freight, and It's yours. .. tomorrowl 

PlIO~ 
~ ... 

428 Waverly Avenua. P.O. Box 320 
Mamaroneck, NY 10543-0320 USA 

Tel: 800-698·8151 
914·698·8111 

Fax: 800-698-3629/914-698-3629 
MasterCard and VISA acupted. 

For More Infonnatlon Write In No. 460 



0.010 in. (O.25 mm). 
This work was done by John Kolasinski 

and Alexander Coleman of Goddard 
Space Flight Center. For further informa-

I 
Glass Optical 

Aber 

tion, write in 31 on the TSP Request Card. 
This invention is owned by NASA, and a 

patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 

license for its commercial development 
should be addressed to the Patent 
Counsel, Goddard Space Right Center; 
(301) 286-7351. Refer to GSC-13644. 

OpIlcaJ Fiber Covered by Optical Fiber Covered 
Outer and IMer Jackels by Inner Jackel Only Coaled Fiber To Be 

\ Immersed In Stripping Solution 

JACKETED OPTICAL FlBER PREPARED FOR STRIPPING =r:=:~ / 
\ ... I 
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STRIPPING COMPLETED . 

FIxture Body 
DISASSEMBLED FlXTURE 

The Stripping Fixture Holds a Jacketed Optical Fiber in such a way that a controlled length can be immersed in a stripping solution. 
A length, L, of coating remains on the fiber. 

UTERATURE SOUGHT 

OPTICALLY 
SUPERB 

~=-l STEREO-ZOOM 

MICROSCOPE 
Priced 30-40% under comp .... -
ble models, the TItan Stereo 
Zoom comes with lOX and 20X 

t-...... __ iiF=----1 eyepieces and 2X objective, mal<
'--------' ing it the only stereo zoom 
microscope to offer a zoom r1lO&< of 7X to 160X without 
the nced for cosdy extra optics. Binocular body is 360* 
rotatable and incUned 45" for comfortable viewing. TITAN 
TOOL SUPPLY CO .• INC., 68 Comet Avenue, Buff:alo, 
NY 14216; Tel: 716-873-9907; Fax: 716-873-9998. 

Titan Tool Supply Co., Inc. 
For More Information Write In No. 300 

MOVING 
MAGNET 
GALVANOMETRIC 
SCANNER 
The number of appUcations 
""Iuiring f2st and a<Xlll'2te place

ment of laser light or energy is growing ar a vay high rare. 

Cambridge Tedmology is a wodd leader in opriaI SC2n1lC' ..m. 
noIcgy. supplying Ir.c:y oomponerlls to laser beaJn-m.ringsy=ns. 
In response to indusay trends, Cambridge TcdmoIogy's new 

Modd 6860 Moving Magner GaIvanomera-Based 0pDc:aI 
Sc:anna is the Iarcsr addirioo to a series ofhigb-perfurmana mir

ror positioning opriaI scanners. For more infunnation. oontaa 

u.nlxidge TedmoIogy, 23 flm St., w.rmown, MA 02172-
2821; Tel: (617) 923-1181; Fax: (61 7) 924-8378. 

Cambridge Technology Inc. 

For More Infonnation Write In No. 303 
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OPTICAL FIBER 
ASSEMBLY 
(PATCHCORD) 
TESTING 
lQ-l200l Software: 
• For "'pid testing in a production 
~nvironment • lnsenion and return 

loss measurements • Single-mode and multimode fibers 
• Synematic step-by-srep procedure • On-screen instruc
tions • Custom label design and printing • Exrensive re
porting capabiUties 

EXFO 
EXFO Electro-Optlcal Engineering, 465 Godin Ave_, 
Vanier, Quebec, Canada Gl M 3G7; (800) 663-EXFO; 

(418) 683-0211 ; Fax: (418) 683-2170. 

For More Information Write In No. 301 

FREE CATALOG 
" OPTICS FOR 
INDUSTRY" 
Free 130 page catalog fiom 
Rolyn, world's largest suppU
er of"Off-the-Sbelf* optics. 24-
hour delivery of simple or 
compound lenses. mters, 
prisms. mirrors, beamspUnets, 

reticles, objectives. eyepieces, plus thousands of other 
stock items. AI. off-tbe-shdf prices. Rolyn also suppUes 
custom produas and ~ in prototype or production 
quantities. 

Rolyn Optics 
706 Arrow Grand Circle, Covina, CA 91722-2199 

Tel: 818-915-5707; Fax: 818-915-1379 

For More Wonnation Write In No. 304 

PRECISION 
MEASUREMENT 
& SENSING 
INSTRUMENTS FOR 
MANUFACTURING 

Advanced line of measurement and sensing instrumems 
for the eaUbtacion and maintenance of machine tools. 
robelS. and CMMs and fot the measurement of machined 
parts. Includes 5-0 laser measuring system, baIIbars, spin
dle dynamic and thermal analysis systero, levels, dual~ 
beam steerer systems. laser trackers, and more. 

Automated Precision, Inc. 
Automated Precision, Inco, 7901,(: Ceslna Avenue, 

Gaithersburg. MD 20879; (BOO) 537 2720; (301) 330-8100; 
Fax: (301)_. 

For More Infonnation Write In No. 302 

NEWI OPTICS & 
IMAGING CATA
LOG 
Edmund Scientific'. free 260-page 
catalog features our exclusive 
Integrated Optical Componem 
Mounting System and one of the 

Wgesr seIecrions of pra:ision off-the-shdf optics and op<i
cal inscrumenlS. Our precision off-the-shelf optia, 
TecbSpec .... Optics and optical components can rake you 
fiom design, to prototype. to final production. We provid<: 
technical design and production solutions. Over 8,000 sci
entific and tedmicaI produas, including tmgnifiers. lasers, 
microsoopes. telescopes. "machine vision: and video 
microscopy. Tel : 609-573-6259; Fax: 609-57~233; 

E-mail: indopr@edsci.com. 

Edmund Scientific Co. 
Industrial Optics Division Dept. B971 ,N948 

For More lnformation Write In No. 305 
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NEW PRODUCTS 
UV Broa ..... n .. 
antireflection 
CoatI gs 
Two new coatings from 
Acton Research, Acton, MA. 
are designed to optimize 
minimum reflectance and 
maxlmum transmittance (JIIer 
specific broad bands of the 

ultraviolet spectrum. At normal incidence on a coated 
fused silica substrate, average reflectance for the 
range 193-248 nm is 0.4-0.8 percent, and for the 
248-355-nm rar,ge 0.2-0.6 percent. Acton recom 
mends these electron-beam-deposited dielectric 
coatings for increasing the transmittance properties 
of tenses and reducing the second-surface reflections 
of beamsplltters. 

For More Information Write In No. 800 

Tunabl. 
633-nnt 
Dlod. Laser 
New Focus Inc., 
Santa Clara, CA, has 
added a 633-nm 
laser to its family of 

extemal-cavity tunable diode lasers, and announced 
a $5000 price reduction on the complete line. The 
company recommends the 633-nm unit as a replace
ment for single-line HeNe lasers, saying it offers com
parable linewidth performance (300 kHz at 50 ms) but 
better tunability of more than 10 nm and modulation 
capability of more than 100 MHz. New Focus says 
primary applications are spectroscopy, frequency ref
erences, and Interferometry. 

For More Infonnatlon Write In No. 803 

Stan"ard an" 
Custom 
Parabolic 
Mlrron 
A family of standard and 
custom parabolic mirrors 
comes from OptoSigma 
Corp., Santa Ana, CA. 
Available in off-axis and 
on-axis configurations up 

to 16 in. in diameter. these paraboloids are hand-pol
ished from large blanks of fine-annealed Iow-expan
sIon glass to p!SCise focal lengths. SUrface accuracy 
is 1/10 wave. Coatings Include protected aluminum, 
enhanced silver, gold, or broadband dielectric thin 
films. Other aspheric mirrors avaJlable include ellip
soids, toroids, and hyperboIoids. 

For More Infonnation WrIte In No. 807 

Laser Dlod. with 
Controll I. 
(nteulty 
The Beta EC laser diode 
from Vector Technology, 
Abertillery, Gwent, U.K., 
permits the user total elec
tronic control of beam 

power. Based on Vector's Beta ON module, it has an 
input providing linear beam intensity control from zero 
to the factory-set maximum. The company says con
trol is best achieved using a current source such as a 
simple transistor and resistor, or a digital-te-analog 
converter, or with less linearity using a potentiometer. 
It is available with all the options offered for Vector's 
Beta ON, lX. and AI.. series laser oiOdes i1 wave
length, power, and lenses. 

For More Information WrIte In No. 809 
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Optical analysis 
BcuecI on ACIS. 
lambda Research Corp., 
UttJeton, MA. introduces 
T racePro TN, which it calls 
the first optical analysis 
program to have the indus

try-standard solid modeling englf16 AOS41 at its core. 
TracePro uses the Monte Carlo ray-tracing method to 
compute optical flux as it propagates through a model. 
It can analyze absorption, specular reflection and 
refraction, scattering and aperture diffraction of light on 
any surface. Measured data can be viewed as contour 
maps or as ray histories in tabular form. New users can 
purchase the base module for $4000. 

For More Information WrIte In No. 801 

La.er Coordinate 
Measuring 
Machine 
SMX Corp., Kennett Square, 
PA, says its new laser-based 
Tracker4000 coordinate mea
suring machine was devel
oped to provide extremely 
precise 3-D measurements of 

large-scale objects. Measurement range is 1 to 100 
meters In size, with an accuracy of 25 11m (0.001 in.) 
at 5 m (17 ft.). With its angular encoders it can mea
sure X, Y, and Z positions In any user -defined coordl 
nate system, taking 1000 readings per second. SMX 
says the Tracker4000 can replace optical tooling, 
large CMMs, and computerized theodolite or pho
togrammetry systems. 

For More lntonnatIon Write In No. 804 

Hlrh-capaclty 
01 Mist 
Ell Inator 
The Maxi-Mist 10 oU 
mist eliminator for 
large vacuum pumps 
from MV Products, 
North Billerica, MA, Is 
a high-capacity ex
haust trap that em
ploys a parallel bank 
of five pleated micro

fiberglass coaJescing filter elements, each with a 0.1-
micron pore size. Constructed entirely of stainless 
steel, and equipped with a port for draining or recir
culating pump fluids, the device measures 10 in. (0) x 
13.5 In. (H). Ust price for the Maxi-Mist 10 is $1450. 

For More Infonnatlon WrIte In No. 808 

Multlcha nel 
Tv able ..... r 
Source 
E-TEI< Dynarnlcs Inc., 
San Jose, CA, has 
developed a mech
anically tunable high

power extemal-cavity laser source. Called the MTLS, 
it delivers more than +10 dBm optical output power 
at either 1530 nm (tuning range ± 45 nm) or 1300 nm 
(± 25 nm). Unewidth is < 1 MHz. It can be remote
controlled through IEEE-488 or RS-232 ports. or with 
a front -panel touch screen. The mainframe chassis 
holds up to four compact plug-in modules, each with 
two-layer temperature control, one for laser and the 
other for cavity temperature stabilization. 

For More Infonnatlon Write In No. 810 

www.nasatech.com 

MAl'STRO 
applications 
for FO Test 
Syde. 
As part of its 10-200 
fiber optic test system, 
EXFO E.O. Engineering, 
Vanier, PO, Canada, 

developed MAESTRO applications in VISUal BasIc TN. 

These include component insertion and retum loss, 
multiple OUT testing, and source power measure
ments. Test jumper qualification applications and oth
ers are under development. Insertion and return loss 
can be tested on splitters from 1 x2 up to 1 x16 for 
1310/1550-nm wavelengths using the 10-2100 dual 
source, 10-3200 ORL meter, and 10-1200 4-channel 
power meter. 

For More Infonnatlon Write In No. 802 

High-Speed 
Intaglng 
Co era 
System 
Adaptive Optics As
sociates (AOA) Inc., 
Cambridge, MA. in

troduces the Desktop KineVlew TM, a complete high
speed CCD video system that includes a 1000-
frame-per-second digital video camera, a Pentium"" 
computer with 2048-frame capacity, interface board, 
external event trigger and frame synchronization, 
strobe trigger output, and sonware. AOA suggests 
the system for factory-fioor problems, lab motion 
studies, failure analysis, beam profile and wavefront 
measurements, and automotive crash and engine 
testing, among other uses. 

For More Information Write In No. 805 

Monolithic 
Miniature 
Spectrometer 
Hellma Cells, Forest 
Hills, NY, distributes 
the Zeiss line of 

monolithic miniature spectrometers with a variety of 
electronics. Measuring 65 x 50 x 40 mm. the MMS1 
module consists of an Input fiber optic with cross
section converter, a solid glass lens with grating. and 
a laser diode array. It C(JIIers wavelengths from 300-
1500 nm; other MMS modules cover from 190 nm 
up. The Tec5 14-blt electronic interface offers 
extended dynamic range, Integration times from 4 
ms to 6.5 s, and a multiplexer option. Demon
stration software with source code is provided for a 
variety of applications. 

La .. r 
Specboscopy 
Ra a 
Pro e 
The Manhattan TN 

fiber optic Raman 
probe from VISlon

ex, Wanner Robins, GA. utilizes optical fibers for 
remote anaJysls in hostile envirorvnents. Designed for 
radionuclide waste and environmental contaminant 
processing sites, it is outfitted with Rad-lok TN radla
tion-hardened fiber optic paci<agng, providing chem
ical, temperature. and hermetic: isolation. The patenl
pending probe employs Gaser'" light management
technology, using selective instrument sensitivity for 
more effective laser spectroscopy, the company says. 

For More Information Write In No. 811 
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NEW "I'EIUlI'URE 
Hollow Monolithic 
Optical Structure. 
PlX Inc., Deer Park, NY, has 
released a full-color capabili
ties brochure that describes 
its hollow retroreflector tech
nology. The company says its 
retroreflective devices provide 
high-quality retum wavefronts 

in all waveieng1tls and under severe environmental 
conditions. Highlighting engineering, manufacturing, 
and testing capabilities, the booklet also features 
examples of devices such as lateral transfer hollow 
retroreflectors and periscopes, hollow retroreflector 
arrays, and hollow roof mirrors for a variety of military, 
aerospace, industrial, and scientific applications. 

For More Infonnation Write In No. 813 

Fiber Optic Senso ... 
for Metrology, 
Proce •• Control 
Just issued by Photonetics 
Inc., Wakefield, MA, is a 24-
page catalog of fiber optic 
sensing probes for metrology 
and process control. The 
'Rber Optic Probe Guide' has 

descriptionS and specifICations on probes for temper
ature' pressure, refractive index, current, chemical con
centration, opacity, volumetric void fraction, rotation 
speed, and on-off switching measurement. All probes 
in the guide interface with the company's MetriCor 
2000, which conditions the signal for measurement. 

For More Information Write In No. 815 

CONCAVE FIRST 
SURFACE GLASS 

MIRRORS 

Precl.lon Optical 
Components 
Rodenstock Precision Optics 
Inc., Rockford, IL, has issued 
four booklets describing the 
company's precision optical 
components offered as stan
dard items. These include 
aspheric glass condenser lens-

es, plano-convex, biconvex, and convex-concave glass 
singlet lenses, concave first -surface mirrors, and heat
absorbing fi~ers of B270, F2, Duran, KG1 and KG3 
glass materials. The booklets also describe the custom
designed and manufactured optical components 
Rodenstock supplies to satisfy specific applications. 

For More Information Write In No. 817 

Selection Guide to 
Preuure Te.t 
Products 
The pressure measurement 
product selection guide from 
MKS Instruments, Andover, MA, =- has complete specifications for 
the company's 600 series sen

sor line, including absolute, differential, and bakeable 
versions, the Type 670 microprocessor-based elec
tronics/display units, and the three-channel tempera
ture controllers and mu~iplexers. The 600 Series 
Baratron® pressure measurement systems combine 
advanced capacitance diaphragm sensor technology 
and solid-state electronics for use on production tools 
and in research laboratories. 

For More Information Write In No. 819 
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Hlgh.Performance 
Digital 
O.clllo.cope. 
A 12-page technical bro
chure from LeCroy Corp., 
Chestnut Ridge, NY, is avail
able to design and test engi-

..A1I/l-___ -'WCIw=a neers seeking information 
on high-performance digital 

oscilloscopes. The booklet has examples of how the 
company's products assist the engineer in capturing, 
viewing, and diagnosing electronic signals. It also 
contains technical specifications, feature descrip
tions, and ordering information on LeCroy's 9384, 
9370, and 9350 series instruments. 

For More Information Write In No. 814 

~~ Clos •• Toleronc. 
Machining of 
Mat.rlals 
A capabilities brochure from 
Hardric Laboratories, Walt
ham, MA, describes the com
pany's expertise in machining 
materials such as aluminum, 
beryllium, tungsten, titanium, 
stainless steel, metal matrix 

composites, and ceramics. Hardric says its Metal 
Optics Center is the world leader in providing polished 
low-scatter beryllium IR laser mirrors and coated Iow
scatter beryllium mirrors for the IR, VIS, and UV. 
Hardric also offers single-point diamond turning of 
optics and other precision components. 

For More Information Write In No. 816 

__ Flb.r Optic 
Imm .... lon Probe. 
A 12-page catalog from Hellma, 
Forest Hills, NY, details its line of 
fiber optic immersion probe 
cells for remote spectrophoto
metne measurements of liquids. 
Constructed from low-OH 

quartz for transmission of beams from 220-2300 nm, 
the probes are available in fixed path lengths from 1 to 
20 mm. A variety of probes cover usage with aggres
sive chemical liquids and in temperature extremes. 
Ruorescence/1uminescence versions are also avail
able. Stainless steel or PEEK plastiC sleeves can be 
added for more protection. Also available is a fiber 
optic interface for use in standard instruments. 

For More Information Write In No. 818 

Epoxy Preform 
Product Lin. 
Multi-Seals Inc., Man
chester, CT, offers a 4-
page brochure describing 
its Uniforms ™ epoxy pre
form product line. It con
tains an overview of stan
dard and custom preform 
applications, CXJIT"4)arisons 
of preform with traditional 

liquid dispensing systems, product specifications, and 
an introduction to the automatic, semiautomatic, and 
manual loading system options available. 

For More Information Write In No. 820 

www.nasatech.com 

UV La •• r Beam 
Homog.nlz.r 
A literature release from 
JPSA, Hollis, NH, calls its 
OXH UV laser beam 
homogenizer the most 

=--____ -== cost-effective and versatile 
------- beam homogenizer on the 
s:...-=====--- market. Designed for 
_ :::;:-:::::::£' ___ industrial excimer laser 

applications requiring high
efficiency beam utilization and uniform exposures, the 
OXH provides long working distances and a substan
tial depth of field while maintaining ±5 to ± 10 percent 
beam uniformity. The device is part of JPSA's 
Chromacelline of laser products. 

For More Information Write In No. 821 

Broad Lin. of 
Mechanical 
Components 
A newly revised 56-page 
catalog from Kinetic 
Systems, Boston, MA, 
has details on the com
pany's line of position
ers, mounts, holders, 
adapters, and micro
holes designed to be 

used with Kinetic's optical tables and others as well. 
An 8-page supplement also supplies details on 
Kinetic's line of optical table and vibration isolation 
components. 

For More Information Write In No. 822 

Epoxl •• and 
Polym.rs for High. 
T.ch Application. 
A brochure from Epoxy 
Technology, Billerica, MA, 
explains how the company's 
epoxies and polymers are opti
mized for bonding, coating, 

encapsulating, and interconnecting in optoelectronic 
assemblies, fiber optic cable assembiy, semiconduc
tor packaging, hybrid microelectronics, and many 
other applications. The publication tells how the elec
trical, thermal, and physical properties of the materi
als can be selected and modified to meet specific 
user requirements. 

For More Information Write In No. 823 

Digital Oscilloscope. 
and Oth.r Te.t 
Instruments 
The 204-page 1997 catallog 
from LeCroy, Chestnut Ridge, 
NY, has complete technical infor
mation on their digital storage 
oscilloscopes {DSO) and other 

test and measurement product fines. It also contains 
an overview of nfNI products for the year and 90 pages 
of technical Morials and application notes. New prod
ucts include six DSOs from the high-performance color 
LC534 and LC334 lines and the 9384AL 1-gigahertz
bandwidth digital scope. Application notes focus on 
troublleshooting intermittent circuit faults, making more 
accurate jitter measurements, DSO applications in 
high-speed digital circuits, and many other topics. 

For More Information Write In No. 824 
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There's only one national design shO\N 
for these successful engineering teams. 

NATIONAL 
DESIGN 
ENGINEERINGTM 

~ Show and Conference 

I brought our design team for shrink packaging machinery to the 
National Design Show for a few days to look at new products, 
parts and to get ideas to help us stay ahead of our competition. 
Next year, I'll bring our purchasing people too. 
Jeff Eatey, President 
Eastey Fnterprise~,lnc., Rogers, Mtnncsota 

When your success depends on finding the best solutions 

to improving your OEM product or manufacturing process 

deSign, only the 45th National Design Engineering Show 

will do, On March 10-1.3, 1997 at Chkago' EW McCormick 

Place outh, more design engineering professionals will 

gather at the National Design Engineering Show than at any 

other design show in the USA Over 3<+,000 de ign engineers 

like you from coast to coast select thi~ annual how and Conference 

a the one professional tool they can'L live without. 

With 3 miles of aisles filled with over 1.000 leading 

e Good For 
tll=:..a. !rW~~ 

NmONAL a ........ lICtwing 
~W~~ .. IT. 

YES! I want new Ideas to help Improve my design engineering. 
o Send me attendee and conference information. 
OSend me exhibitor information. 
D Send me a '96 Conference Proceedings order form. 

Mall to: National Design Show, 383 Main Ave., Norwalk, CT 06851 
Fax to: 203-840-9678 
Call: 1-800-840-0678 
E·mail: nmw@reedexpo.com 
Please specify information desired: Exhibiting or Attending 

Because quality and speed to market are two of our biggest 
challenges, our team leader brought our seven member project 
team here to the National Design Show. Everything is so hands
on, we can really do some valid testing. This kind of broad 
exposure to new hardware and componentry sure be;,ts looking 
through catalogs. 
April H. Lenker, Holly F. Bose, larkin Holavani 
Manufacturing Development Enginee~, Hewien Packard, O:>rvaUis, Oregon 

manufacturer·, [here is no better place to personally experience 

all the latest tools, technology, components, materials, ideas and 

products. And With a leading mdustry conference as a bonus, 

developed by working pros like yourself, your trip to Chicago 

will prove LO be even more rewarding. 

Come find solutions. share idea· and learn all you'll need 

to know for success in the year ahead. Pre-register lO save lime 

and money. :end for complete information and mark your 

calendar Loday. 

Sponsored by: .. ~~-"_~.of ____ DNign Now>. __ Pr-..n BuII«in. ASME. 

P11lII. Ff'OI\, SAlMI\. AJAG. HEM.'\. MPIF 

Visit our Web site to see a virtual photo of the Show: 
http://nmw.reedexpo.com 

(Code = 158) 

Name 

Tille 

Company 

Mailtng Address 

City Stale Zip 

Telephone Fax 

For 1I0re Information Write In No. 665 



• Life Sciences 
-

Growing Prostate-Cancer Cells in 
Three-Dimensional Clusters 
An artificial growth process will help fill gaps in cancer research. 
Lyndon B. Johnson Space Center, Houston, Texas 

A process produces relatively large 
three-dimensional clusters of human 
prostate-cancer cells for research. These 
cell cultures are more accurate as mod
els for in vivo studies and as sources of 
seed cells for in vivo studies than can be 
obtained in older cell-culturing process
es. This process is effected in a horizon
tal rotating bioreactor like that described 
in the article, "Simplified Bioreactor for 
Growing Mammalian Cells" (MSC-
22060), NASA Tech Briefs, Vol. 19, No. 
12 (December, 1995), page 24. 

Although prostate cancer has been 
well researched and is one of the better 
understood carcinomas, there are sub
stantial gaps in knowledge because of 
the lack of faithful three-dimensional in 
vitro models of in vivo cells. This process 
may provide the aggregates of cells 

needed to fill many of the gaps. 
In a demonstration of one version of 

the process, normal human fibroblast 
cells were injected into a culture medium 
in a 110-milliliter bioreactor vessel at a 
concentration of 400,000 cells per milli
liter. Microcarrier beads were added at a 
concentration of 5 milligrams per liter. 
The reactor was rotated at 25 revolu
tions per minute at a temperature of 
37°C and humidity of 98 percent in an 
atmosphere that contained 5 percent 
CO2, Within 2 days, cells had grown into 
visible aggregates. Once the aggregates 
had become confluent, covering entire 
beads, human prostate cells were 
added at a concentration of 200,000 
cells per milliliter. When the resulting 
aggregates of normal and malignant 
cells reached a diameter of 4 mm, they 

Growing Three-Dimensional 
Corneal Tissue in a Bioreactor 

were removed from the reactor for use. 
The demonstration of another version of 
the process was similar except that a 
standard mixture of prostate-cancer 
cells was injected at the beginning, and 
there were no additional injections. 

This work was done by Glenn F. 
Spaulding of Johnson Space Center 
and Tacey L. Prewett and Thomas J. 
Goodwin of Krug Ufe Sciences. For fur
ther information, write in 150 on the 
TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Johnson Space 
Center; (713) 483-4871. Refer to MSC-
22119. 

This method could help overcome the shortage of donated corneal tissue. 
Lyndon B. Johnson Space Center, Houston, Texas 

Spheroids of corneal tissue about 5 
mm in diameter have been grown in a 
bioreactor from an in vitro culture of pri
mary rabbit corneal cells to illustrate the 
production of optic cells from aggre
gates and tissue. In comparison with 
corneal tissues previously grown in vitro 
by other techniques, this tissue approxi
mates intact corneal tissue more closely 
in both size and structure. This novel 
three-dimensional tissue can be used to 
model cell structures and functions in 
normal and abnormal corneas. Efforts 
continue to refine the present in vitro 
method into one for producing human 
corneal tissue to overcome the chronic 
shortage of donors for corneal trans
plants: The method would be used to 
prepare corneal tissues, either from in 
vitro cultures of a patient's own cells or 
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from a well-defined culture from another 
human donor known to be healthy. 

As explained in several articles in prior 
issues of NASA Tech Briefs, generally 
cylindrical horizontal rotating bioreactors 
have been developed to provide nutri
ent-solution environments conducive to 
the growth of delicate animal cells, with 
gentle, low-shear flow conditions that 
keep the cells in suspension without 
damaging them. The horizontal rotating 
bioreactor used in this method, denoted 
by the acronym "HAR\/," was described 
in "High-Aspect-Ratio Rotating Cell
Culture Vessel" (MSC-21662), NASA 
Tech Briefs, Vol. 16, NO.5 (May, 1992), 
page 150. 

To start a culture, the nutrient medium 
in the bioreactor is inoculated with a mix
ture of primary corneal cells, including 

www.nasatech.com 

endothelial cells, epithelial cells, and ker
atinocytes. Because these cells depend 
on attachment, microcarrier beads are 
also introduced to provide support. In 
the initial experiments, insoluble beads 
were used; alternatively, one could use 
microcarriers that dissolve as the tissue 
grows, leaving only the tissue. Another 
alternative would be to introduce other 
cells so that the cells of all types present 
could use each other for support. 

In the culture, the cells grow, multiply, 
migrate into clusters, and produce an 
intracellular matrix via the functional 
interrelationship of cell-to-cell contact. 
The cells differentiate and grow along 
boundaries characteristic of normal 
functional tissue. The tissue thus formed 
has a layered structure (see figure) simi
lar to that of an intact cornea. 
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A Tissue Specimen Was Stained 10 reveal chondroilin-6-sulfate, 
which is a constituent of the intracellular matrix. The cells have 
bridged between microcarrier beads and organized themselves into 
approximately parallel layers. The magnification in this photograph is 
about 200. 

This work was done by Glen F. Spaulding, Thomas J. 
Goodwin, and Laurie Aten of Johnson Space Center, Tacey 
Prewett and Wendy S. Frtzgerald of Krug Life Sciences, and Kim 
O'Connor, Delmar Caldwell, and Karen M. Francis of Tulane 
University. For further information, write in 59 on the TSP 
Request Card. 

Inquiries concerning rights for the commercial use of this 
invention should be addressed to the Patent Counsel, Johnson 
Space Center; (713) 483-4871. Refer to MSC-22368. 

Treating Wastewater 
With Phototrophic Bacteria 
and Sunlight 
Marshall Space Flight Center, Alabama 

A proposed wastewater-treatment system would use pho
totrophic bacteria in the presence of sunlight to convert organ
ic wastes into harmless biomass plus hydrogen, methane, and 
carbon dioxide gases. The biomass could be used to fertilize 
plants. Development efforts thus far have included experiments 
and the identification of a number of phototrophic and het
erotrophiC microorganisms, specific ones of which can be 
selected to degrade specific compounds that are otherwise 
considered biorecalcitrant. The experiments showed that 
improved phototrophic treatment cells containing such organ
isms are capable of extended operation with only intermittent 
supplementation with microorganisms or nutrients. When oper
ated in conjunction with filters and/or centrifuges for physical 
separation, the cells were found capable of reducing key 
wastewater parameters such as biochemical oxygen demand 
and chemical oxygen demand by 95 percent. The proposed 
system should be applicable, in places with abundant sunlight, 
to treatment of sewage, of some specific food-processing and 
industrial-waste streams, and of some specific hazardous
waste streams. 

This work was done by Dennis Ray Schneider of Micro-Bac 
Intemational, Inc., for Marshall Space Flight Center. For fur
ther information, write in 80 on the TSP Request Card. 
MFS-26394 
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MARCH SEAL-LESS 
MAGNETIC DRIVE PUMPS 
March seal-less magnetic drive pumps offer the ultimate 
in reliable, trouble-free performance for chemical, OEM, 
industrial, hydronic and solar applications . 

• Leak-proof, seal-less 
magnetic drive 

• Friction-free operation 
for reduced power 
consumption 

• Capacities from 
2to210GPM 

• Magnetic coupling acts 
as a clutch to provide 
overload protection 

• Broad range of 
construction 
materials for most 
corrosive solutions 

• Easy-to-service 
without special 
tools 

• Over 150 stocking 
sales and service 
locations worldwide 

Send for new catalog showing 
complele line. 

;sa -e 
_ MARCH MANUFACTURING INC. 
- 1819 Pickwick Avenue 

GlenvieW, Illinois 60025 U.S.A. 
1 847 n9-5300 Fax: 1 847 n9-7062 

For More Infonnat/on Write In No. 418 

III Load Cells 
Force/Torque 

Sensors 

Catalog Includes: 
Gram Sensors Thru Hole Load Cells 
TenSion Load Cells Low Profile Load Cells 
Mini Load Cells Load Pins 
Torque/Sensors Transducer Indicators 

Special OEM Sensors 

,. .. Transducer Techniques 
• (909) 676-3965 FAX (909) 676-1200 

e-mail: tti@ttloadcells.com 
URL: http://www.ttloadcells.com 

43178 BUSINESS PARK DRIVE, B-l01 • TEMECULA. CA 92590 

For More Infonnatlon Write In No. 419 75 



.V.C;lI ft.t::lP'C;I(.;t: To Advertise - Call (212) 490-3999 

SoftwareWed~ 
Automatically inputs !!11Y serial data 

directly into I!!!Y PC application. 

1;;;li~;~tlLJ~ Communicate With: 
Industrial & lab. 
Instruments _ 
Gages ... 
Balances _ 
PLCs _ etc._ 
Any Serial 
Device! 

• Real-Time Serial Data into Any Application - Excel. 
VB. Ouattro. lotus. Access. Stat software. etc. 

• Full data acquisition and instrument control. 
• Risk free 90 day. money-back guarantee. 

Now Windows. DDS. NT & 
Windows 95 applications 

TAL TECHNOl.OCIES. INC. 
2027 Wallace St, Philadelphia. PA 19130 
Tel: 2151763-7900 Fax: 215/763-9711 
E-mail: tail@taltech.com 
Home page: http11www.taltech.com 

76 

For More Information Write In No. 580 

Applied Science Laboratories 
175 Middlesex Tpk, Bedford. MA 01730 
tel: 617·275·4000 ASl@A-S- l.com 

Easy to use 
Reliable 
Flexible 

Customized 

MELLEN 
Economical High Temperature Systems 

Mellen tubulSf furnaces are rugged. 
buift to last, and best of all ... bum your wayl 

Mellen otIefs the largest selection 01 tubularlumaces. 
Tempemture ranges from 1~ to 17fXrC are availabkt, WIth 

last delivery on s1andard and custom furnace designs. 

1260 Ba11le Sireel • Webster New Hampshire 03303 

. TEL 1800-63361t5 ' FAX 6036482177 · 

E Mall mellen'(! kear Idsnet com 

For More Information Write In No. 584 

FREE! 
130 

Page 
Catalog 

"Optics 
for 

Industry" 
FreE! 130 page product catalog from Rolyn, 
world's largest supplier of "Off-the-Shelf" optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod
ucts and coatings in prototype or production 
quantities. ROL YN OPTICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (818)915- 5707, 
FAX (818)915-1379 

F E 
CATALOG 

THE 
SPECIALTY 
BULB CO. 
INC. 
Call us (Q inrerchange 

and identify any 

lamp. We arc a highly 

specialized light 

source di stributor 
witb tbe tecbnical 

ability to meet the 

individual requiremenu of iu customers and research 
insti tutes. We stock European. Domesric. and Far 

&Stern bulbs for al l industries. The pcciall)' Bulb Co .. 

Inc.; Tel: 516-589-3393 or 800-331-BULB (28 52); 

Fax: 516-563-3089 (24 hrs.) 

The Specialty Bulb Co., Inc. 

For More Information Write In No. 585 

www.nasatech.com 

Now you can subscribe to 

NASA Technology 
Today 

the exciting new teaching tool for 
educators and parents 

NASA Technology Today's mission is to 
share the excitement. adventure, and knowl
edge of NASA's work with teachers and par
ents for use in the classroom and home. 
Each full-color, illustrated edition will be your 
guide inside NASA. spotlighting the agency's 
major missions. launches. science projects, 
discoveries, and technology breakthroughs 
-- with suggested activities for students. 
Plus. you'll learn where and how to take 
advantage of NASA educational resources, 
including special Internet sites, software, 
videos, and more. 

Subscribe for a full year for the charter rate of 
$17.95. Additional copies (addressed to same 
subscriber) are only $1 .00 each ($6.00 addi
tional per year). 

Don't miss a single issue ... 
subscribe today! 
Published in cooperation with NASA and the 
Intemational Technology Education Assodation. 

a Please enter my subscription to NASA Technology 
Today for one year (six issues) at $17.95. 

a I also want to receive _ additional copies of 
each issue. at $1.00 per CO(Yf x 6 for the so..bsal:>tion 
year(eg. -$12.00 for 2 extra copies oreach issue) 

Total:$ __ _ 

a check enclosed (payable to 
Assodated Business Publications Inti.) 

a charge my: a VISA a MasterCard 

Card NoJExp. Date ________ _ 

~re ___________ __ 

N~ _____________ _ 

Organization 

Address ___________ __ 

CrtylStlZip __________ _ 

~No. ___________ _ 

Fax No. 

Mail to: Associated Business Publications Inti .• 317 
MacfISOO Avenue. New Y<lf1<. NY 10017. or fax cred
~ card orders to: (212) 986-7864. Questions? Call 
(212) 490-3999. 
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THE FACTS SPEAK FOR 
THEMSELVES" BUT 

SOMETIMES THEY DO 
NEED INTERPRETING. 

What exactly is your data try- new ways to explore and 

ing to tell you? Well, the best analyze your data, and 

way to find out IS with Axum® 

5.0, the world's premier tech

nical graphing and data analYSIs 

software. And now, Axum 

S.O's powerful new additions 

let you delve deeper. Wrth 

present your findings. 

Tem 610to 79 0 
7 

• 

o tOO 2DO aoo 

• 
• • • .-.-

Radiation 

Tem 790 97 0 

• 

?P
el.: 

,. . .,., 
• • 

From over 80 publi

cation-quality 2D and 3D 

graphs to exclusive 

Multipanel Plots™ that 

reveal data pattems you 

can't find with traditional 

methods, new Axum 5.0 

offers you greater insight. 

And lets you to con

vert your graphs into 
Axum's exclusive Multipanel Plots™ display subsamples of data across 

multiple panels, revealing the effects of conditioning variables. 

PowerPoint presentations 

instantly, so you can better 

communicate this insight. . 

New Axum 5.0 also gives 

you complete and unprece

dented control over every 

detail. Customize tool bars 

and menus and set up multiple 

toolbars, depending on your 

needs. Axum automates 

repetitive tasks and records 

~ . ...... 

~ 
" • •• 0 " 

New: create a PowerPotnt 
presentation qUIckly and easIly 

........... ____ ... See for yourself. For 

Mathcad users can access the full 
power ofAxum 5.0 without leaving 

the Mathcad environment 

more information, or to 

order new Axum 5.0, 

VISit our website at 

http://www.mathsoft.com 

or call 1-800-628-4223. 

Information on educa

tional distributors and 

site licensing IS also 

available. 

Get graphing soft-

your operations as script that ware that helps you visualize 

you can save, edit and execute. your data. and tells you what 

All this saves you time and 

money. and gtveS you the com

petitive edge you need. Plus it's 

from the makers of Mathcad , 

the leading software for tech

nical professionals. 

your data is really saYIng. 

Axum 
MathSoft 

101 Ma.n Street.Cambridge.MA 02142 USA · Phone:8(X).628-4223 or 617-577-1017 • Fax: 617-577-8829 t:QUlirJ a 
MaIhSoft i1temationaI. ~ Hruse, Pa1< Street. Bagihot.Surey QJ 19 5PQ U<Tet+44(O) 1276452299· Falc+44(0) 1276 4S 1224 -- - -

X45A7 

For More lnformation Write In No. 677 
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PRECISION 
ALUMINUM 
EXTRUSIONS 
New! An informative 
brochure from MIN

ALEX, leader in close 

lOlerance shapes lO 3 
112", illustrares rypical 

appl icarions and de
scribes capabilities in
cluding shon runs . 

MlNALEX, qualiry leader, delivers on time, every time. 

MINALEX, PO Box 247, Whitehouse Srarion, NJ 

08889; Tel: 908-534-4044; Fax: 908-534-6788. 

Minalex 

For More Information Write In No. 335 

VIBRATION 
ISOLATION & IMPACT 
ABSORPTION 
New, full-color brochure describes the 

dynamic properties of Sorborhane, 
[he unique vibration isola[ion and 

impacr absorption marerial. New resr 
da", derails the damping propenies of Sorbothane com

pared to other dastomers. Sorbothane is a patemed visco

elastic polymer. Includes information on Sorbothane's new 
line of advanced vibrarion isolarion/shock absorprion 

products, as well as applications engineering, manufacrur

ing capabilities, and rhe many applicarions for 

Sorbo thane. Sorborhane, Inc.; Tel: 330-678-9444; Fax: 
330-678-1303; Smail: webmasrer@www.sorbothane.com; 

http://www.sorbothane.com. 

Sorbothane, Inc. 
For More Information Write In No. 338 

VORTEX TUBES 
Data sheet describes how 

EXAIR Vortex Tubes pro
duce up to 10,000 Btu/hr. 

with no moving parts. Tubes 

convert an orrunary supply 
of compressed air inro twO 

streams: one hot and one 
cold. Temperatures arc 

-5O'F wtth no moving peril! adjustable from -50· ro 
+250·1'. Bulletin highlights 

advantages for a variery of industrial cooling applications. 
EXAIR Corporarion, 1250 Century Circle North, 

Cincinnati, OH 45246; Tel: 800-903-9247; Fax: 513-

671-3363; E-mail: rechelp@exair.com; hup:" 
www.exair.com. 

EXAIR Corporation 
For More Information Write In No. 341 

ELECTRO
MAGNETIC 
DESIGN 
SOFTWARE 
The legendary Vector Fields 
suite of software, including rhe 
TOSCA, ELEKTRA and 

OPERA packages, combines 
classical finire element rech

niques with user friendly inter

active graphics for high accuraey 20 and 3D simulation 

and design of all rypes of electromagnetic equipment. 

Vector Fields Inc. 
1700 North Farnsworth Avenue 

Aurora, IL 60505 
Tel: 630-851-1734 Fax: 630-851 -2106 

For More Information Write In No. 344 

QUICK COUPLINGS 
FOR PLASTIC TUBING 

ew 48-page caralog featuring the 
world's largesr selection of quick dis

connect couplings and accessories for 

plastic rubing contains over 800 scan

dard sizes and configurations. 
Thermoplastic and chrome-plared brass couplings for 
1/16" to 3/4", 3mm to 19mrn plastic rubing. Pipe thread, 

panel mount, muld-line, and in-line conttguracions; 
straighr thru flow, single- or double-sided shutoffs; hose 

barb, pipe and garden hose threaded, ferrulless compres
sion and push-in inStant fitting terminarions available. 

Marerials listed under FDA, USDA, and NSF standards. 
ISO 900 I Registered. Colder ProduCts Company, 1001 
Westgate Dr., Sr. Paul, MN 55114; Tel: 612-645-0091. 

Colder Products Company 
For More Information Write In No. 336 

FREE HIQ 
EVALUATION 
SOFTWARE 
Narional Instruments offets 

HiQ® for Wmdows, fearuring ActiveMath™ and visual

ization rools for Microson Office. HiQ on Wmdows NT 
or Wmdows 95 uses ActiveXTh< (OLE) for inregration 

with Microsoft Office and Microsoft's OpenGL 3D graph

ics library, making advanced rechnical calculation, dara 

visualization. and documentation solutions more cost 
effective and simpler for technical professionals. Call for 

your FREE HiQ evaluarion sofrware. Narional 

lnstrumenrs, 6504 Bridge Poinr Pkwy .• Austin. TX 78730; 
Tel: 512-794-0100 or 800-433-3488; Fax: 512-794-8411; 
E-mail: info@natinst.com; hrrp:llwww.natinst.com. 

National Instruments 
For More Information Write In No. 339 

=== -?-=-=--5!'1.-----~ 

PC-BASED JTFA 
TECHNIQUES 
SOLVE DIVERSE 
ANALYSIS 
APPLICATIONS 
Learn how to use PC-based joinr-

time-frequeney analysis techniques 

(JTFA) wirh the National Insrrumenrs Joint Tim.
mqumcy Analysis ApplicarWn Nou to achieve more precise 
rime and frequency domain resolution rhan traditional 

FFT-based measurements. PC-based ]TPA techniques solve 
diverse signal processing, biomedical, vibration, sound, and 

noise analysis applications. Nationallnsrrurnents; Td: 512-

794-0100 or 800-433-3488; Fax: 512-794-8411; Email: 
info@natinsr.com; http://www.natinsr.com. 

National Instruments 
For More Information Write In No. 342 

AIR KNIFE FOR 
BLOWOFF 
The EXAJR-Knife reduces air con

sumption and noise levds on a 
wide range of blowoff applications. 

Using a small amount of com

pressed air as a power source. the 
air knif., pulls in large volumes of 
surrounding air to produce a !Ugh

How, !Ugh-vdociry curtain of air for blowoff. Compressed air 
Bow is amplified 30: 1. Six sizes up to 36" in length are avail

able. Applications include: blowing liquid, chips. and con
<aminant from parts and conveyors; cooling hot parts; and air 
screening. EXAJR Corporation, 1250 Century Circle North, 
Cmcinnaci, OH 45246; Td: 8()().903-9247; Fax: 513~71-
3363; Smail: techdp@exair.com; http://www.exair.com. 

EXAIR Corporation 
For More Information Write In No. 345 

www.nasatech.com 

ADVANCED COM
POSITE TRAINING 
Abacis Training offers 14 different 
"hands-on" workshops in advanced 

composite materials technology. 
These workshops cm'U fubricarion, 

repair. manufacturing, tooling, 
print reading, adhesive bonding. 

ultrasonic inspection of composires, resin rcansfer molding, 

and several engineering workshops. Emphasis is placed on 
glass, carbon. and aramid fiber marerials and processes, uti

lizing vacuum bagging, and oven and autoclave curing. 

Three workshops are Canadian D.O.T. approved. For a free 
brochure, call roU-free: 1-800-638-8441; Fax: 702-827-

6599; http://www.abaris.com. Abaris Training Resources, 
Inc., 5401 Longley Lane, Suite 49, Reno, NY 89511. 

Abaris Training Resources, Inc. 
For More Information Write In No. 337 

INSTRUMENT 
CATALOG 1997 
Metric sells, rerus and buys the 
Iaresr in refurbished decrmnic 

rest and measurement instru
mears from Hewlett Packard, 
Tektronix, Fluke. Keirhley. erc. 
All prodUClli are tested in our 

lab to insure compliance to 

original manufuaurers' speci
fications and are traceable to 

N.LS.T. Six-month warranry on masr models, five-<iay free 
trial, complete with accessories and manuals. BIG SAVINGS 

20% to 60% off list. For free cacalog caJI Metric; Td: 800432-
3424; Fax: 415-341-8874; http://www.metricsales.com. 

Metric Equipment Sales, Inc. 
For More Information Write In No. 340 

PRECISION 
MOTION 
CONTROL 
API's In-page step moror sys

terns catalog, fearuring the n~ 

Inrelligent Drive series , 

includes definirions, applica

tions, comparison chartS, spec~ 

ifications, and diagrams [hac 
simplifY the selection/application process. API Controls' 
products range from fuil/half step driver modules to 
high-performance microstep systems. API Conrrols Inc., 
45 Hazelwood Dr., Amhersr, NY 14228-2096; Tel; 800-

566-5274 or 716-691-9100; Fax: 716~91-9181. 

API Controls Inc. 

For More Information Write In No. 343 

AIR MOVERS 
Air Amplifiers convey, vent, 

exhaust, cool, dry, and dean -
with no moving parts. Using 
a small amounr of compressed 

air as a power source, Air 
Amplifiers move large vol
umes of surrounding air to 
produce high-velociry outler 

flows. Air amplifiers are com
pacr, durable, portable, and mainrenance-free. 

Applicarions include small parts conveying; venting 
fumes; and cleaning, drying, or cooling parts. EXAIR 

Corporation, 1250 Century Circle North, Cincinnari, 
OH 45246; Tel: 800-903-9247; Fax: 513-671-3363; E
mail: techelp@exair.com; http://www.exair.com. 

EXAIR Corporation 
For More Information Write In No. 346 
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PRECISION 
MEASUREMENT & 
SENSING 
INSTRUMENlS FOR 
MANUFACTURING 
Advanced line of measurement 
and sensing instrurnrnts for the 

_ .... ~-:----' calibration and maintenance of 
machine tools, roboa. and CMMs and fot the measure
ment of machined pans. includes 5-0 laser measuring 
system, ballbass, spindle dyrwnic and thermal anaIysU 
system, levels, dual-axis beam steem' systems. laser crack
ers, and more. Autonuted Pn:cision, inc., 790 I-C Ccsma 
A"""Ile, Gaithersburg, MD 20879: Tel: 800-537-2720 Ot 
301-330-8100: Fax: 301-990-8648. 

Automated Precision, Inc. 
For More Information Write In No. 347 

CONSTANT
TEMPERATURE 
SOLUTIONS FOR 
SEMICONDUCTOR 
INDUSTRY 
. ESlAB introduces its new prod-

'--____ ..... Uct catalog. feacuring constant-tem-
perature equipment designed specifically for the semicon
ductor industry. This catalog includes featwes, specifica
tions. application tips, and customizing options aV1lilable 
including refrigeration. conrroller, pump, fluid, heater. 
and elecrrical spees. For more information contact Terri 
Pruett. Marketing Coordinator, NESLAB lnseruments. 
Ine., PO Box 1178, Portsmouth. NH 03802-11 78; 603-
430-2251: FAX 603-436-8411. 

NESLAB Instruments Inc. 
For More Informacion Write In No. 350 

WAH CHANG: 
FIRST IN 
REACTIVE & 
REFRACTORY 
METAL 
SOLUTIONS 

iI.(II~=-..34I;.itiI Wah Chang is ,he world's 
largest producer of hafni
um, pure niobium, and 
vanadium, and is also one 

l....:--;----;"7;""7"-- -;-' of titanium and zirconi-

um. availahle in various degrees of purity or in specllity 
alloys. Visit our lnte~ site al http://www.twca.com or 
call 541-967-6977. 

Wah Chang 

1997 
CALIBRATION 
STANDARDS 
CATALOG 

raminatJon. crirical 
dimensions. film thick
ness, surface profiling. 
roughness. resistivity. and 

much more. All important for ISO 9000 certification. 
Also. valuable information on calibration science and ser
vices. VLSI Standards, 3087 orm Fust L. San Jose, CA 
95134: Tel: 408-428-1800; Fax: 408-428-9555. 

VLSI Standards 
For More Information Write In o. 356 
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POROSITY TESTING 
SERVICES 
PM] oJli:rs a fuJJ raJ1ll" of sample u:sr
ing services including: • POte analysis 
using mercury intruSion, non·mercury 
intrUSion. gas adsorption or capillary 
flow • Gas, liquid, and diffusion per

meabiliry • Bulk and absolule density · Surface area; 
Bubble point - largest pore size • Adsorption/desorption 
isotherms. physisotption or chemioorption • SpeciaJiud 
test conditions can be =mmodartd using PM!"s com
plete line of lest and calibration insuumenCltion (available 
for rent. lease. or sale). furous M=riaIs, Inc.. 83 Brown Rd., 
Ithaca. NY 14850; Td: 607-257-5544 or 800-TALK.PMl; 
Fax, 607-257-5639; E-mail: info@pmiapp.com; URL: 
http://www.pmiapp.com. 

Porous Materials, Inc. 
For More Informacion Write In No. 348 

MASS FLOW 
APPLICATIONS 
HANDBOOK 
VOL II 
VOL n of all-new applica
tions handbook from ABB 
K-Flow graphically iUus
rrares a wide variety of cori
olis Row process configura
tions with ABB K-Flow 
flowmeter system appropri

are for each application. Updated applications involving 
Mass (Liquid, CNG, Multi-componenr). Density (SG, 
API. Brix), % Solids. % Liquids, PID. Ratio Blending. 
Barching. Proportioning. and others are included. 

ABB K-Flow 
For More Information Write In No. 351 

1997 DATA 
ACQUISITION 
CATALOG 
IOrecb's 1997 caralog 
describes irs PC-based data 
acquisition and IEEE 488 
hardwue and software 
products. These include 
par.Ile1-pon- and PCM
CIA-based ponable data 

acquisition systems: rSA-bus-based data acquisition 
boards: associated sigoai-conditioning products; and 
IEEE 488 instruments, controll«s, and accessories. 
IOrecb. lne.. Tel: 216-439--4091: Fax: 216-439-4093; E
rruill: sales@iotech.com: http://www.iorech.com. 

lOtech, Inc. 

including: insulated test 

jacks, assembled stand
oIU and pr=--rype ter
minals. All standard cat
alog items are available 
for immediate pricing 

and delivery. Call roday for your free 27 -page catalog: 
800-634-2356. 

Hiram Jones ElectroniCS, Inc. 

For More Information Write In o. 357 
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SURFACE AREA 
ANALYZER 
PM!'s Windows-based En
velope Surface A= Analyzer 
(WESA) offers a simple, 

quick, and rdiahk method for obtaining rhe en.dope $Ut

r.a: area of a powder by using the Raw perroearnetry tech
nique. WESA uses accur.ue, State-Of-the-art Bow control 
with no speci2I gases or liquid ninogm ~uited. The ana
lyzer is controlled by user-friendly Wmdows-based soft
ware. which provides user interf.Jcx and dialog bo.us ~ 
needed. Porous Materials, lne.. 83 Brown Rd.. hhaca, NY 
14850; Td: 607-257-5544 or 8oo-TALK-PM!: Fax: 607-
257-5639: E-m.il, info@pmiapp.com: URL, http:" 
www.pmiapp.com. 

Porous Materials, Inc. 

For More Information Write In No. 349 

BURST PRESSURE 
TEST SYSTEM 
APP's Auromated Burst Pnessure Test Sys
tem is designed to determine exact pressure 
at which materials burst or fail. 
Applica,ions include: burst pres ure of 
disks or pressure vessels, crushing point of 

materials. crimp or vent failure of baerery casings. and 
fatigue cycling. The automared resting method uses high
speed. high-accuracy processing and control algorithms to 
determine leak or burst pressure. Pressures up to 60.000 
PSI are possible. Acruracy of result. is within %.25% of full 
scale and resolution is within ±.O 1 % of fuJJ scale. Advanced 
Pressure ProductS. 83 Brown Rd.. Ithaca, NY 14850: Tel: 
607-257-5544 or 800-APP-VALV; Fax: 607-257-5639: E
mail: info@r>miapp.com; URI.: hcrp:llwww.pmiapp.com. 

Advanced Pressure Products 
For More Information Write In No. 352 

BROCHURE 
DETAILS COMBAT® 
BORON NITRIDE 
FOR VARIETY 
OF DESIGN 
APPLICATIONS 
Carborundum Corporarion. Boron 

Nirride DiVision. offeD an c:.ight-page, full-<olor brochure 
detailing Combar® Boron Nirride, available in solid. 
powder. coating, and aerosol spray forms for a variety of 
design applications. Four-page insert provides technical 
da,a. Carborundum Corporarion. Boron Nitride 
Division. 168 Creekside Drive. Amherst. NY 14228; Td: 
716-691-2052: Fax: 716-691-2090. 

Carborundum Corporation 

LIGHT SOURCES FOR 
RESEARCH NEEDS 
Looking for small. bright poinr 
sowca or large, (l)llimattd, uniform 

beams? From J OW to 1000W 
sources. for single wavelengths or 

I-......;:....::;~-.. broadband ",diation. induding our
put that simwres the solar speccrum. our pulsed and CW 
sources represent the most complete line of UV to IR 
sources available today. Choose &om deuterium. arc, and 
quartZ ruognen halogen lamps and lR dements; calibrat
ed irradiance sources; spectral calibration lamps; lasers: 
fiber-optic and monochromator ilIumioarof5i Hood expo
sure sources; and solar simulalors. Oriellnsuumeots. Tel: 
203-380-4375: Fax: 203-375-0851; E.-mail: res_saIes@ 
otid.com: http://www.orieLcom. 

Oriel Instruments 
For More Information Write In o. 358 
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NEW GUIDE TO 
SPRING DESIGN 
Mid-W<St Spring's nc:w Guide 10 

Spring Design hdps engineers! 
design= plan, dc:.;gn and specify 
~ Broch= includes dc:.;gn 
furmulae. marerials property and 
Wahl rurvaWK suess comnion 
dara. Compression, torsion and 
extension springs are discussed, 

along with mareriaIs data on high cuban spring sreel, sreel alk,s, 

stainless sreel. non-furrous. and high rempa:uure alloy ~ and 
Bar high-cubon spring sreeIs. fur a free ropy rone>a Mid-West 
Spring Manuf..cruring Company. 1404 Joliet Road, Uoir C. 
Romeoville, n.. 60441; Tel: 8O().<j19-0909; Fax: 708-739-3890. 

Mid-West Spring Manufacturing Co. 
For More Information Write In No. 359 

IlotJt¥eIIiIIp METALS & 
MATERIALS FOR 
RESEARCH 
A large selection of research 

ClU"1 metals and materials are avail-
,.11/11 

:-=-... able in small quandries. ready 
for immediate shipment. 

Almost 4.000 items are listed. 
-:i!5!... along with technical specifica-

tions and comparative data. 
Featured are pure metals~ alloys, polymers. ceramics, 
composites. and honeycombs. 48-hour delivery. Custom 
services are also available. Goodfellow Corporation. 800 
Lancaster Ave .• Berwyn. PA 19312-1780; Tel: 800-821-
2870; Pax: 800-283-2020; E-mail: info@goodfellow.com. 

Goodfellow Corp. 
For More Information Write In No. 362 

MATRIXx FROM 
INTEGRATED 
SYSTEMS 
The MATRIXx product famiJy fea
tures: SystemBuild™. the indus
try's learung graphical modeling 
and simulation environment; 
Xmath TM, the first object-oriented 

mathematical analysis and visualization tool; 
AutoCode®. the first and most sophisticared automadc 
C and Ada code generator; Documendt™. the first auto
marie documentation gene rator; and the RealSim 

Series™ of rapid protoryping computers. Integrated 
Systems Inc_, 201 MofFeu Park Drive. Sunnyvale. CA 
94089; Te~ 408-542-1500; Fax: 408-542-1950. 

Integrated Systems Inc. 
For More Information Write In No. 365 

PRESSURE,LOAD 
& SENSORS 
In-stock sensors from QUI new 

"Off-the-Shelf"catalog. Entran 
miniature sensors for pressure. 

force. and accekradon with ass0-

ciated power supplies. amplifiers. 
and metets. Chosen for ordering 
cODvenience and prompt ship

me.nt. the large selection offers solutions to a variery of 

aerospace, indusuiaJ. aU[Qmorive. and military applica

dons. Enrran Devices. Inc .• 10 Washington Ave .• Fairfield. 
NJ 07004; Tel: 888-8-ENTRAN; Fax: 201-227-6865; E
mail: sales@entran.com; hrrp:llwww.enrran.com. 

Entran Devices, Inc. 

For More Information Write In No. 368 

~Seastrtlm 
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THE SOURCE 
FOR ELEC
TRONIC& 
MECHANICAL 
HARDWARE 

~ 

.~ • @ -, -; 

Seastrom cakes pride: in 

offering one of the widest 
selections of standard dec
cronic and assembly hard
ware available from stock. 
Seastrom's 66-A Catalog 

. .... 
-~:- '\ - !it ',',""""! \ 

provides a complete source for over 45.000 productS. For 
a free 550-page caralog. call 800-634-2356. 

Seastrom Manufacturing Co. Inc. 

For More Information Write In No. 360 

fIOR( 
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.-:Fibre%press 
, Network 

SiSl"Fi'iN CORP. 

NETWORK 
FOR DSP 
APPLICATIONS 
Introducing Fibrc:Xpress™. 
SYSTRAN Corp.'s new line of 
Fibre Channel host bus 
adapters. Fibrc:Xpress is ideal 
for very-high-speed mass stor
age and high-throughpUt. data
intensive DSP applications 
such as radar, sonar, medical 

scanners, and OCR. Request 
your free tech overview today! SYSTRAN Corp.; Tel: 937-
252-5601; Sales: 800-252-5601; Fax: 937-258-2729; E-mail: 
in[o@sysrran.com; WWW: hrrp:llwww.sysrran.com. 

SYSTRAN Corp. 
For More Information Write In No. 363 

COMPUTERS AND 
ELECTRONICS 
Circuit Specialists. Inc., in busi
ness for 25 years. has released the 
new Fall/Winter 1996 catalog. 
This 132-page catalog has over 
9.000 producrs including indus
trial & personal computers.,! com

purer petipherals. board level data 
acquisition & control productS. test equipment, motion 

control productS. educationallaset & fiber optics, wiring 
productS. & much more! Circuit Specialists. Inc .• 220 S. 
Counrry Club Dr., Bldg. 2. Mesa. AZ 85210; 24-hour cat
alog request line: 800-811-5201. ext. 5; Fax: 602-464-
5824; http://www.cir.com. 

Circuit Specialists, Inc. 
For More Information Write In No. 366 

1997 PCMCIA 
PRODUCTS CATALOG 
The new PCMClA-PC CARD Stan

dard has b<eo incorporated into 
many new applications such as: Data
logging. agriculrure. digiral ftlm. and 
wireless communications. Envoy 

Dara has just released its new caralog 
for these new applicarions plus many other productS like: 
memory. UO (saial, parallel. SCSI. NO. etc.) cards; PC 
card drives for ISA. IDE. SCSI. ere.; along with industrial 
card and drives. mulrimedia. indusrria1. and engineering 
tools for PCMClA applications. Envoy Data 
Corporarion. 6 E. Palo Verde, 113. Gilbert. AZ 85296; 
Tel: 602-892 0954; Fax: 602-892-0029; E-mail: 
infu@envoydara.com; http://www.envoydata.com. 

Envoy Data Corporation 
For More Information Write In No. 369 

www.nasatech.com 

----.=. 

Evans Capacitor Company is a spin
off from Evans Company. known 

fur the Capattery®. Specializing in 
electrochemical and high energy 
density electrolytic capacitors. 

Evanscap has new literarure. describ
ing not only the Caparrery, but the 
Capaaery n®. a larger electroehem
ical capacitor with a polymeric case. 
and a new high energy density elec
trolytic capacitor, the Evans 

Hybrid® - half the weight and 
1I10tb the volume of aluminum capacirors. Evans 
Capacitor Company. 33 Eastern Ave .• East Providence. 
R1 02914-2107; Tel: 401-434-5600; Fax: 401-434-
6908; hrrp:I!www.evanscap.com. 

Evans Capacitor Company 
For More Information Write In No. 361 

NEW! OPTICS & 
IMAGING CATALOG 
Edmund Sciendfic's &eo 26O-page cat
alog features our exclusive Inregra.ted 
Optical Component Mounring System 
and one of the largest sdecdons of pre
cision off-the-shelf optics and optical 

instruments. Our precision off-the-shdf optics, TechSpec TM 

Optics and optical romponents can take you &om design, to 
prototype. to final production. We provide technical design 
and production soludons. Over 8.000 sciendfic and technical 
productS. inclucling magnifiers. lasers. microscopes. tele
scopes. "machine vision," and video microscopy: Tel: 609-
573-6259; Fax: 609-573-6233; E-mail: indopr@edsci.com. 

Edmund Scientific Co. 
Industrial OptiCS Division Dept. 8971, N954 

For More Informarion Write In No. 364 

-.:-.:...- AUTOMATION 
CONTROLS & 
COMPONENTS 
New Automation Conuols & 

Components Selector Guide pro
vides overview of pneumatic and 
elecuonic industrial automation 

components and controls avail
L-_""""::==-_.......J able from Festo. Over 90 prod
uct categories in 24-page brochure. covering control sys
tems, PLCs. Fiddbus manifolds. sensots. pneumatic cylin
ders. valves and accessories. Education/Training programs 
i.n automation concrol technologies described. Contact: 

Pesta Corporation. 395 Moreland Road. Hauppauge. NY 
11788; Td: 516-435-0800. 

Festo Corporation 
For More Information Write In No. 367 

IIf uu. un .nunlill UII" 
TRADE IN YOUR 
OLD ENGINEER
ING COPIER 
And get up to $2000 back. 
Xerox Engi neering Systems 
has developed a program 
that offers customers a 

chance to receive up to 

$2000 back when they trade 
in their old engineering 

copiers for a new Xerox 3030, or up to $500 for a new 
Xerox 2515. To receive more infocmacion on the Xerox 
Engineering Systems trade-in program. or for your free 
Xerox 3030 and 2515 brochure. call 1-800-937-7397. 
ext. 1404. 

Xerox Engineering Systems 
For More Information Write In No. 382 
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:-:ew caralog details bundreds of 

standard gaskets and grounding 
snip variations, engineered to meet 
the most common .bidding appli
cations. Srandard as wdl as custom 

designed sbidds are manufacrured 

from Beryllium. Copper. and other High-performance 
materials. Special finishes and a variety of mounting 

methods are offered. For World Ow quality and service 
call 201-890-7455 or vlSir our Web Site at: 

HTrP:/IWWW.OMEGASHIELDlNG.COM; E-mail: 
SALE$@OMEGASHIELDING.COM. 

Omega Shielding Products Inc. 

NEWPORT'S 1997 
VIBRATION CON
TROL CATALOG 
This free catalog highlights 

Newport's laborarory and indu.ruial 
productS, including rbe broadest 
range of tabletops, isolatots, worksta

tions, and accessories. For your lab. <here's every<hing you 

need to build a complete vibration-c.ontrol system ror the 
most sensitive applications in any price range. For semicon

duCtor processing. test, measu«ment, and manufacruring. 
<he demand for higher precision is round in the industrial 

produCtS section, featuring the STAaS 2000 active isola
tion .ysrem. ewport Corporation; Tel: 800-222-6440; 

Fax: 714-253-1680; http://www.newport.comlcatalog. 

Newport Corporation 

For More Information Write In No. 373 

NEW LEVEL, FLOW 
AND PRESSURE 
SENSORS CATALOG 
New 232-page caralog (more than 

350 srandard products) is now avail
able from The Fluid Sensor 
People 1M at GEMS! 111 addition to 

the thousands of sensor variarions for OEM design engi

neers, the full-c.olor Qwik Piks TM Sttrion .howcases bor 

produCIS and cool tips for novices and experts alth, plus 
same-day shipping! Sensor rechnologies include: ultrason
ic, electro-opric, fiber-optic, float, conducriviry, Hall 

Effect, CVD rransducers, and more. Gems Sensors, 1 

Cowles Rd., PlamviHe, CT 06062; Tel: 800-321-6070; 

Fox: 860-793-4500_ 

Gems Sensors 

For More lafonnation Write In No. 376 

COOLING! 
HEATING 
SYSTEMS 

~~CATALOG 
Thermal Cycling Systems 

from -80'C ro +230'C for 
rem perature resting of small 

eleerronic components. FTS 
Systems also manufactures 

vacuum cold traps, r<eircu1ar
'"8 coolers. benchtop cold baths, and Immcmon chillers 
ro -IOO·C. Catalog indudes pncing and specificaeions. 
For a free catalog. call FTS al 800-824-0400, at. O. IT 

Systems Inc., PO Box 158, rone Ridge. NY 12484: Fax: 
914-687-7481: http://www.fasyst:ems.com. 

FTS Systems Inc. 
For More Information Write In o. 379 

N/>SA Tech Briefs, February 1997 

COATINGS 
PROTECT TITANIUM 
PARTS AGAINST 
WEAR, CORROSION 
C:lnadize® hydrogen-fr.e, super

hard surface-cnbancemeDt coatings 
significantly increase the abrasion =istance and wear life 

of tiranium and produce permanendy dry-lubricated sur
f.tces th:ll eliminare galling, binding. and seizing. Prolect 

against corrosion and chemical attack. Unusually wide 

operaring rempcra.rwt' ranging from -2oo'F ro + I 200°F. 
General Magnaplare Corp., Linden, J 07036; Tel: 800-
852-3301; Fa.x: 908-862-6110: E-maii: info@ 

magnaplare.com; http://www.magnaplare.com. 

General Magnaplate Corp. 

MODELING 
SOFTWARE FOR 
WAVEGUIDE 
DEVICES 
BPM_CAD is a software system 

for modeling inregrared and 
fiber-opric devices. Ir features 

mousc~drive Dc.vice Layout 
De igner with a library of waveguide elements and 

exporting mask layout data. Devic. simulations arc based 
on Beam Propagation Method with oprions ror full 3D 

propagation of polarized optical field and wide-angle 
propagation. OpdWav. Corpor:tdon, 36 Antares Dr., Sre. 

950, Nepeon, ON, Canada K2E 7W5; Tel: 613-224-
4700: Fax: 613-224 4706; http://www.optiwave.com. 

OptiWave Corporation 
For More Information Write In No. 374 

WASHERS AND 
SPACERS 
Boker's free, 40-page Caralog '97 

offers more than 12,000 non-stan
dard sizes wirh DO rool charge. 

~~lt.fj OutSide diamerers of 0.080' ro 
I.i 2.631", a wide variery of inside 

diameters and thicknesses, and 2,000 marerial variations 
c ... re millions of possibiliries. Materials include low ar

bon, cold-rolled strip and .heer "eel; five types of spring 
.. ed; .tainless S(eeI; aluminum; brass; copper; nickel sil

ver; and such non-metallic marerials a. Delrin®, 

Teflon®, Myl:lr®, and nylon. Merric sizes also. Boker's 

Inc., 3104 nelling Ave .. Minneapolis, MN 55406-1937; 
Tel: 612-729-9365; Fax: 612-729-8910. 

Boker's Inc. 

new mOlion connol 
product guide - a full 
line of mulri-axis con
(roll en with up to 8 
axes OD a si ngle board. 
Thanks ro exclusive 

parenred technology, 

OMS motion con
noUns have higher «li

ability and lower COSts. hipmenr is from sroc:k for imme-
diare delivery_ Oregon Micro Sysrems Inc.. 1800 W 

169th Place, St<. Cloo, Beavenon, OR 97006; Tel; 503-

629--8081; Fax: 503-629-0688. 

Oregon Micro Systems Inc. 
For More lafonnation Write In o. 380 

www.nasatech.com 

APPLICATIONS GUIDE 
FOR RETICULATED 
POLYURETHANE FOAM 
FdrerCresrl10l and FdrCrestT>< reticulared 
polyurethane foam Applications Guide 

includes fold-out chart listing applications by market and 

function. Crest Foam marerials are used in product> and 
processes for applying. filtering, metering, ~rvoiring. 

wicking. cushioning. scaling. supprcssinglbaHIing. and 
many others. They at< offered in many pore sizes ro meet 

specific applicarions. A questionnaire is included ro help 
seleer a suitable marerial ror your .pplicarion. Cresr Foam 
Industries, Inc .. 100 Carol Place, Moonachie, J 07074; 

Tel: 201-807 0809; Fax: 201-807-1113; E-mail: 
info@crestfoam_com; hrrp:llwww.crestfoam.com. 

Crest Foam Industries, Inc_ 
For More Information Write In No. 372 

LIQUID 
NITROGEN 
CONTROLLERS 
& PROBES 
Teragon offers LN, ,en

sors. Itvel transductrs, 
level conrroUers, and com

plere auro-fill systems. 
Fearure, include digiral 
displays, currenr and volr

age ourputs, alarms, RS232 and rran,fer hardware. 

Designed fur the user, these level solutions are economi

cal, reliable and easy to install. Teragon Research, 2518 
26th Ave., San Francisco. CA 94116; Tel: 415-664-6814; 

Fax: 415-664-6745. 

Teragon Research 
For More rnformation Write In No. 375 

LOAD/FORCE! 
TORQUE CATALOG 
Catalog describes line of precision 

load. foret. and torque sensors 
and related instrumentatioo from 

handheld ro multichannel. Gram 
Sensors: 30 ro I K Grams; Load 

Cells: 2.5 to 400K lb •. ; Load 
'-_ _ _ _ _ -' Buttons: 250 to 50K lbs.; Load 

Washers: 2K ro 300K lb •. ; Tbru-Hole Load Cell: 5 to 
30K lbs.; Torque Sensors: 10 in. oz. to 50K in. Ibs.; Load 

PiDS: I.SK fO 800K lb •. Tr:lnsducer Techniques, lnc., 

43178 Business Park Dr., Temecula, CA 92590; Tel: 
909-676-3965; F",: 909-676-1200; E-mul; tti@ 

tt1oadceUs.coffi: http://www.tdoadcells.eom. 

Transducer Techniques, Inc. 

BORESCOPIC 
VIDEO SYSTEM 
The MCV-80oo borescopic video 

system couple. any Machid:l 

boroscope ro a miniature, high
quality color camera to crearc the 

dea.resr images for review on a 
monitor screen. Designed ro be portable, the MCV--8000 
is a quick ser-up unit thar is fully protected in .. shock
mounred, shippable curying case. The 1/2" VHS 

«cord/playback unir with miCDphone allows inspeaions 
ro be recorded easily wirh narration. The MCV-8000 

borescope video system is the pmfi:ssional choice for high
=olution video inspections. Machida, Inc., 40 Ramland 

Road S., Orangeburg. NY 10962; Tel: 800-431-5420. 

Machida, Inc. 

For More Information Write In No. 381 
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.CUI STACK 

Take a bite out of resolver costs with our tough, 

submersible, industrial-strength, JR optical 

encoders. They survive harsh envi-

ronments for about a tenth of what 
NSB Series 

you pay for resolvers. And with 

less d isplacement. Which helps 

NMC Series 
your design and your bu i ld cost. 

CUI/Stack supplies standard or cus-

SE SefJ es tom components. You won~t need an 

exceptional order to get exceptional 

NSC Sen.s service. Call [800) 275-4899 for a On top of if" 
quick quote. Or fax your specs to [503) 643-6129. 

82 For More Information Write In No. 421 

on the M 

Teknor Industrial Computers, Boca 
Raton, FL. has introduced the TEK
FIELD-OEM industrial handheld 
computer, which features a Pentium 
processor, removable media, PCM
CIA cards, flash memory, paraileVser
iaVlR links, docking station interface, 
and voice command option. The un~ 
has a 6.4' color display with touch
screen and external connectors for 
access to CD-ROM drives or PCI bus 
transfer. 

For More Information Write In No. 710 

The Series 170 rodless cylinders 
from Rexroth Corp., Pneumatics Div. , 
Lexington, KY, are available in bore 
sizes of 16, 25, 32, 40, 50, 63, and 80 
mm. Features include a choice of NPT 
ports and UNC mounting threads, or 
metric ports and mounting threads; 
adjustable cushions and urethane 
bumpers; anodized aluminum barrel; 
and magnetic piston assembly. Dual 
ports allow air line connection; nylon 
bearings protect sliding surfaces. 

The Powerpac ~ hybrid stepper 
motors from Pacific Scientific 
Automation Technology Group, Motor 
Products Div., Rockford, IL. are avail
able in NEMA 34 and 42 frames. The 
N Series features holding torques to 
272.8 Ib-in; the K Series holding 
torques are enhanced to 356 Ib-in. 
Both models incorporate a large
diameter rotor and rotor/stator 
design. Termination and encoder 
options are available. 

The ITS Power Manager electric 
motor control system from Mellin 
Industries, Fort Lauderdale, FL, helps 
manage the power consumed by 
electric motors. It provides early 
detection of cond~ions, including 
power source fau~s such as over- or 
under-vo~age and electromechanical 
problems, and shuts down the motor 
if problems are detected. 

For More Information Write In No. 715 

Giddings & Lewis, Fond du Lac, WI, 
has introduced the DSM and Micro 
DSM Centurion ~ servo systems, and 
the YSM-Series and NSM-Series 
servo motors. The DSM digital ampli
fiers feature power supplies of 0.5, 
1 .0, and 2.0 kW; the Micro DSM fea
tures 1.0, 2.0, 3.0, and 7.5 kW. The 
YSM servo motors feature metric 
mounting dimensions; the NSM fea
ture NEMA 23 to 56 mounting dimen-

Silicon Graphics, Mountain View, CA, sions. 
has introduced the Octane ~ desktop For More Information Write In No. 717 

wor1<station, which features a one-
to-one crossbar switch that allows Merilec, Painesville, OH, offers a 50-
different computer subsystems to 
communicate directly, without inter
ference. The system provides one or 
two MIPS· R10000~ processors that 
operate simultaneously or indepen
dently. It is available in three graphics 
configurations with 64 Mb to 2 Gb of 
memory, and with 10 Mb/l00 Mb 
Ethernet and two Ultra-SCSI buses. 

For More Information Write In No. 712 

position male to 68-position female 
interface adapter, which allows 
interfacing between SCSI-1 and 
SCSI-3 devices, eliminating the need 
for multiple cable assembly configura
tions. The 68-position adapter is 
available with or without latch posts to 
facilitate mating and unmating of the 
cable to the chassis. 

For More Information Write In No. 714 

NASA Tech Briefs, February 1997 
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Dual-Vee LoPro linear motion sys
tems from Bishop-Wisecarv~ Corp., 
Pittsburg, CA, are available in four 
sizes With belt, chain, lead screw, or 
pneumatic cylinder actuator drive 
options, The systems combine the 
Dua L Vee V-guide wheel and track 
components with LoPro wheel plates, 
track plates, drive ends, and acces
sories. Track lengths to 20 feet and 
track plates in 10-foot lengths can be 
assembled With staggered JOints. The 
design allows multiple stacking in 
one- to three-axis applications. 

Hoffman Engineering, Anoka, MN, For More Infonnallon Write In No. 719 

offers the UL Type 4 modular enclo
sures with UL Type 4 ratings for use 
In wet, non-corrosive Industrial envi
ronments. They are based on the APX 
modular platform and feature dust
and liquid-tight seals on the sides, 
top, and doors. The modular frame 
design comes in 42 single- or double
bay sizes. 

For More Infonnallon Write In No. 716 

TH Series load celiS/force sensors 
from Transducer Techniques, Tem
ecula, CA, were designed for 
through-hole applications such as 
bolt force measurements and over
load monitoring. The comprBSSion
only cells are available In multiple out
side diameters of 1.0", 1.5", 2.0', and 
3.0", all with multIple II1Side diameter 
combinations. Capacities range from 
100 Ibs. to 50,000 Ibs. with maximum 
full-scale non-linearity of ±0.5%. 

For More Information Write In No. 721 

AcroIoop Motion Control Systems, 
Chanhassen, MN, offers the ACR2000 
PC-bus motion controller, wtlICh fea
tures 32164-bit floating point DSP, 00-

board data acquisition, and WII1dows 
NT 4.0 dnvers. The ~-size SMT PC
bus card can oontroI up to four axes of 
either servo or stepper motion control. 
It can be supplied with 0++, VISUal C, 
or VISUal Basic fibraries. 

For More Infonnation Write In No. 720 

NIISA Tech Briefs, February 1997 

The DuraTRUC Series of planetary 
gearheads from Thomson Micron, 
Ronkonkoma, NY, provide peak 
lorque ratings of up to 7,377 In-Ibs. 
and backlash ratings as low as 8 arc
minutes. Frame sizes of 60, 90, 115, 
and 142 mm square offer ratios of 
3:1, 5:1, and 10:1 in a single stage 
and 15:1, 25:1, 30:1, 50:1, and 100:1 
In two stages. The steel gears are 
hardened to HRC 55-60, feature life
time synthetic grease, and are seIf
lubricating. 

TIl, Williston, Yr, has announced the 
PX series of FUI process controllers, 
which employ Fuji's patemed fuzzy 

logic algorithms and PID autotune. 
The controllers learn processes, 
reaching setpoInts quickly and elimi
nating overshoet. The nine models 
feature NEMA 4X faceplates, 24 V 
ACfOC, or 85 to 265 V AC rnput 
power, universal input, eight -segment 
ramp/soak programming, and multi
ple security levels. 

For More Infonnalion Write In No. 722 

For the tightest instailations, Kaman's O.OBO-inch 
diameter sensor lets you resolve microscopic 
displacements down to 4 microinches at 50 kHz, 
without contact. Ideal for both magnetic and non
magnetic materials, this sensor is only one of 
Kaman's 24 standard sensors that let you see small 
changes in position. Call us today for information. 

Kamalllllstrumentatioll, 1500 Garden of the Gods Rd. 
Colorado Springs, CO 80907 Voice 719-599-1132 
Fax 719-599-1823 E-mail: illfo-cos2@kamart.com 
www.kamansensors.com/kaman 

800-552-6267 

For More Information Write In No. 422 

Testing Equipment 
Quality Equipment for Your 

Testing Needs 

-;~ ..... -

----

~ . - . 
Pictured Above: 

• Series 3210 Furnace (left), 
• Series 3610 Oven (middle), 

• and Ultrasonic Test Blocks (right) 

Other Test Equipment: 
Universal Testing Machines, Creep Testers, 

Extensometers, Asphalt Testers, and Accessories 

Standard and Custom Equipment 
THE MARK OF RELIABILITY 

A~ RPPUI;O Tl;;oT 
~V~ oyoTI;;M6,IHC. 

Phone: 4121283-1212, Fax: 4121283-6570 
Online: http://www.atspa.com 

For More Information Write In No. 423 83 



World's Fastest AID Cards 
for ISA and PCI Bus 

500 MSPS -....... ~ 

CompuScope 8500/PCI 

• 500 MSPS, 8 Bit Sampling AJD Card for PCI Bus 
• 100 MB/s Data Transfer Rate to PC Memory 
• Real-lime Capture to PC Memory at 100 MSPS 
• Up to 2 Meg Memory 
• Drivers for DOS, QNX, Win 3.1 , Win 95, Win NT 
• Support for HP VEE, LabVIEW, LabWindows CVI 

Many Other Models Available 

GaGa Call 1-800-567-GAGE 
Ask for extension 3405 

GAGE APPLIED SCIENCES (U.S.) INC. 

1233 Shelburne Road, Suile 400, Soulh Bu~ington, VI 05403 
Tel: 1-800-567-4243, Fax: 1-800-780-8411 
e-mail: prodinfo@gage-applied.com, web sile: hltp:llwww.gage-applied.com 

4 2 4 3 

Frum 0Ul'SIde the U S COJJtact a.ge at 5610 BoISFrwc. MorItreaI. OC. can.da, H4S 1M Tel 514-337-6893 Fa: 51 .. ·33H~844 
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For More Information Wr it e In No. 42 4 

• Measures 0.01 • lOO'()()() Gauss 
• IEEE-4888 interface 
• BCD output 
• PM/DC. Peak. and AC modes 
• Level sensing 

A complete line of accessory equipment is 
available including: easily interchanged 
Hall probes, reference magnets, and low
field standards, 

... i magnetic 
•• • instrUTlentatlcn Inc. 

8431Casttewood Dr. 
Indianopolls, IN 46250 
317-842-7500 . 800-243-9120 

317-849-7600 

For More Information Write In No. 425 

,~ 

'" -' won-.-
- . 

Product of the Month 
The MathWorks, Natick, MA, has Intro
duced MATlAB 5 technical comput
ing software, which provides a single 
environment for analysis , visualization, 
modeling, simulation, and large-scale 
application development and deploy
ment. New features include support for 
multidimensional arrays and user-de
finable data structures; language en
hancements; realistic 3D visualization 

and presentation graphics; application development tools such as an interactive 
GUI builder, browser-based documentation, and visual edrtor/debugger; and 
ODE solvers for stiff equations. It is available for Windows 95 and NT, Macintosh 
68K and Power Macintosh, and UNIX platfomns. Prices start at $1795. 

For More Infonnation Write In No. 725 

National Instruments, Austin, 1X 
offers LabVIEW Wavelet and Filter 
Bank Design Toolkit, an add-on de
sign and analysis software package 
that provides wavelet and filter bank 
analysis tools for researchers and de
velopers in signal and image process
ing, computer vision, physics, and 
mathematics. Users can load the signal 
or image from a data file or acquire it 
using data or image acquisition hard
ware, The software is priced at $495. 

For More Infonnation Write In No. 729 

Surfcam Version 7.0 CAD/CAM 
software from Surfware, Westlake 
Village, CA, enables 20 and 3D 
mechanical design, modeling, proto
typing, mOld-making, and pattern
making. New features include z-Ievel 
roughing and finishing, an operations 
manager, support for Open-GL graph
ics, on-line help, DNC capabilities , a 
SAT file translator, and automatic 
parting line generation. The PC-based 
program is available for Windows 95 
or Windows NT platforms. 

For More Information Write In No. 726 

PowerFLOWTM fluid flow analysis 
and simulation software from Exa 
Corp., Lexington, MA, allows engi
neers to perfomn complex fluid flow 
problems on workstations by com
puting 3D flow fields, MCAD files can 
be imported from Pro/ENGINEER® or 
other systems for specificatJon of fluid 
flow problem parameters. The soft
ware then builds a 3D simulation of 
results that can be displayed in 
streamlines and ribbons, vectors, iso
surfaces, and isolines. The program 
operates on Sun UltraSPARC and 
Enterprise server systems; prices 
start at $15,000 per seat. 

For More Infonnation Write In No. 730 

Silma Division of Adept Technology, 
San Jose, CA, has introduced 
CimStation Inspection coordinate 
measuring machine (CMM) pro
gramming software, which enables 
users to program CMMs directly from 
CAD without waiting for physical 
parts or taking CMMs out of produc
tion to program them. The software 
interfaces with many popular CAD 
programs and is available for 
Windows NT version 4.0. 

For More Infonnation Write In No. 727 

SEER-DFM product development 
software from G A SEER 1echnolo
gies, Los Angeles , CA, enables 
product development, cost estimat
ing, and design improvements for 
integrated circuits, plastic molding, 
fabrication, machining, electrical 
or mechanical assembly, or other 
manufacturing projects. Cost allo
cation, analysis, and risk charts, 
as well as quality analysis, cost 
estimates, and recommendations 
are provided. 

For More Infonnation Write In No. 728 

'- -~ - , 

Engineering Software, Germantown, 
MD, has introduced Power Systems 
Analysis 1.0 power system design 
and management software, which 
calculates themnodynamlc and trans
port properties of gaseous, liquid, 
and solid species, and analyzes 
power cycles and power cycle com
ponents and processes. Physical 
properties of available species are 
provided in U.S. and international 
units. The program runs with Win
dows 3.1, 3.11, or 95 and requires 4 
MB of RAM and 4 MB of hard disk 
space. 

For More Infonnation Write In No. 731 
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Streamline quick disconnect couplings for 
plastic tubing cut fluid handling costs 25% 
o Simplify plastic tubing connections 
o Push-button for quick disconnect 
o Valve stop fluid flow and loss 
o No leaks, prevents spills 
o t/16" to 3/8" ID plastic tubing 

Send for brochure and our catalog. 

c:.pC. COLDER PRODUCTS CO. 
1001 Westgate Drive· St. Paul, MN 55114' Phone 612-645-0091 

Fax 612-645-5404· Call Toll Free 1-S00-4't4-2474 
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For More Infonnation Write In No. 426 

S17422 
0.1 second response 

S17624 Thin film RTD 

S651 Miniature platinum RTD 

Thin, flexible resistance temperature detectors . Wire 
wound or thin-film . Pt, Cu , Ni, Ni-Fe curves . 0.1 second 

time response . Rugged laminated construction 
• -200 to 220°C range • Many sizes & styles in stock 

Stable, accurate, dependable measurement. Install with 
self-stick backing, tapes, or cements. Avionics 

• Process lines • Medical devices . Aircraft windows 
• Stator windings. Thermal processing equipment 

MIN CO PRODUCTS, INC. 
7300 Commerce Lane - Minneapolis, MN 55432-3177 U.S.A. 

Telephone: (612) 571-3121 - FAX: (612) 571-0927 

For More Infonnatlon Write In No. 427 

Quik Connect, Aubum Hills, MI, offers 
a six-page brochure describing mod
ular structural framing components 
for workstations and workbenches. 
tables, conveyors, stands, enclo
sures, and cabinets. They are made 
of anodized industrial grade aluminum 
alloy. 

For More Infonnation Write In No. 700 

A 16-page brochure on Pneuma
SealllD seals and related equipment 
is available from Presray Corp., 
Pawling, NY. Standard seals, end 
configurations. clamps, corners. 
custom rubber fabrications. inflat
able seals, and compression gaskets 
are described. 

For More Infonnation Write In No. 701 

Design, development. and production 
of engineered plastic parts and 
assemblies are described in a six
page brochure from Plastics 
Technology Center. Lexington, KY. 
Featured are services such as 3D 
computer-aided design, electronic 
prototyping, production tooling. and 
plastics process simulation. 

Kinetic Systems Corp .• Lockport. Ilo 
offers a 20-page brochure describing 
data acquisition and control prod
ucts for the VXIbus. Included are ana
log-to-digitaJ converters, signal condi
tioners, computer interfaces. digital 
VO. mainframes. and data acquisition 
and control software. 

For More Infonnation Write In No. 704 

-. .. ' 
f . 
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A 412-page catalog from Transcat, 
Rochester. NY. describes the compa
ny's line of calibration and test 
instruments. Included are electrical, 
electronic, temperature, pressure, 
and environmental test instru
ments; tools and general equipment; 
meters and analyzers; and data
loggers and software. 

For More Infonnation Write In No. 705 

E-Switch, Brooklyn Park, MN, has 
released a 28-page catalog of 
switches. including new lines of DIP, 
pushbutton, slide. and gold tact 
switches. Also described are toggle, 
rocker, power, lever, slide, rotary, key
lock, and illuminated switches. 

For More Information Write In No. 702 

Belt Technologies. Agawam, MA. has 
released an eight-page brochure on 
pulleys. Included is information on 
pulleys for use with metal belts, as 
well as the Independently Steerable 
Pulley for flat belt applications that 
allows mounting of several pulleys 
on a common shaft. 

For More Information Write In No. 706 

A 56-page catalog of spiral retain
ing rings is available from Smalley 
Steel Ring, Wheeling. IL Featured are 
light, medium, and heavy duty retain
ing rings; WaveRingsllD; shims; and 
spring products. Engineering design 
information also is included. 

For More Information Write In No. 707 
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NEW FROM TRIG-TEK 
DIS'" FOR OATS 

250-S0C-8 !f'T~,---; 1 ..... 

. Signal Offset Conditioner 
(Proximity Probes) • ?- .~ •• ~ ••. • • 

251-ACL-8 
Anderson Current Loop 

(Strain Gage/RTD's) 

252-APS-8 
Accelerometer 
Power Supply 

~- - - -

Trig-Tek, Inc. introduces its new 250 series line of portable 
DISTM (Data Instrumentation System) products for DAT (Digital 
Audio Tape) recorders. DIS Products not only condition 
dynamic signals but also enhances signals and increases 
DAT recorders performance. Use with accelerometers, strain 
gages, RTD's and displacement probes, AC or DC powered. 
Compatible with all DAT recorders. 

Also . Find out about our proven line of Dynamic 
Instrumentation including FFT digital signal processors, 
charge amplifiers, signal converters, filters, analyzers, trim 
balancers, machinery monitors/alarms, ratio generators, 
engine analyzers, calibrators and our unsurpassed "Phase 
Lock Loop" tracking equipment. 

For Free Information Call: 
ttl ::~~~~~~2; (714) 956-3593 or Fax (714) 956 .. 0162 

Trig-Tek, Inc. 423 S. Brookhurst St., Anaheim, CA 92804 

For More Information Write In No. 428 

SONEXactive™ 
Noise Cancellation Technology 

i"bruck's new SONEXacfive line prOVides a 
comfortable, industrial earmuff wifh the added 
benefit of active low frequency noise reduction. 

Call tooay to learn more about the newest 
technology in noise control and communications, 

13- ill ruck 
1·800·662·0032 

vvww.i"bruck-SONEX.com 
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Master Bond Problem Solver 
THERMAL SHOCK RESISTANT ADHESIVE 

HAS HIGH PEEL STRENGTH 

PEEL 
EP21TDC has a shear strength in excess of 2800 psi and 

a T-pee/ strength of 35 pli. 

Superior durability, high peel, high shear strength, 
thermal shock resistance and chemical resistance is a com
bination hard to beat. Master Bond EP21TOC offers this 
enviable product periormance profile and more. It cures at 
room temperature and has a non-critical 1 to 1 mix ratio by 
weight or volume. EP21 TOC can be applied without sagging 
or dripping even on vertical suriaces. Bonds are remarkably 
resistant to thermal cycling over the exceptionally wide tem
perature range of -60°F to +250°F. EP21TOC has a shear 
strength in excess of 2800 psi for aluminum to aluminum 
bonds and a T-peel strength of 35 pli. Adhesion to metals, 
glass, ceramiCS, wood, vulcanized rubber and many plastiCS 
is excellent. So when looking for high periormance - look no 
further! 

Master Bond Inc. 
AdhesIves Sealants & Coatmgs 

154 Hobart Street. Hackensack New Jersey 0760 1 
Tel (201) 343-8983 - Fax (201 ) 343-2132 

For More Infonnatlon Write In No. 430 
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Merlin ME-981/991 systems use low-cost video tape recorders to 
capture over 2 hours of continuous data at rates 
up to 22 Mbits/sec. Open deSign permits use of 
interchangable interface modules for a flexible 
data recording system. The ME-981 is qualified 
to Mil-Std-81OE and is available in both ruggedized ,===;;;;;;lI 
and rack-mount configurations. 

Merlin 
MERLIN ENGINEERING WORKS 

o 
:z: 
U. 
CD 
o 

c:: 
N 
N 

1888 Embarcadero Rd., Palo Alto, CA 94303 Phone (415) 856-0900 

For More Infonnation Write In No. 431 

The Technology 
Connection 

To Advertise Call (800) 944-NASA 

Background Noise Rejection 
Using Patented 
Microphone & Processing 

Contact: David Franklin. 
President 
Audiological Engineering 
Corporation 
(800) 283-4601 
FAX (61 7) 666-5228 

Hard, Low Friction Coatings, 
Diamond-like 
Naoocomposites (Dylyn®) 
are Tailorable 
(electrical, corrosion, optical) 

Contact: Donald J. Bray, 
Director of Technical 
Marketing 
Advanced Reftactory 
Technologies. Inc. 
(716) 875-4091 
FAX (716) 875-0106 
E-mail: arr2000@aol.com 

Invention For Sale." 

We have helped hundreds 01 invenoo and 
showed !hem how 10 offer !heir inventions 
lor sole 10 business all 0Vflf !he world. 
No cost. Free Informotion. 

(0111-800-537-1133. Kessler Soles 
Corp., (-/,n, Fremont, Ohio 43420. 

Has your company developed a novel, commercially promis
ing technology/product through the government's Small 
Business Innovation Research (SBIR) Program? You may 
be eligible for a 1997 SBIR Technology of the Year Award, 
presented by the Technology Utilization Foundation in 
cooperation with SBIR-sponsoring agencies of the federal 
government. 

Nominees will have the opportunity to showcase their tech
nology/product at Technology 2007, the world's largest tech 
transfer conference and exhibition (Sept. 22-24, Boston, 
MA), and will be featured in the pages of NASA Tech Briefs. 

To learn more about this prestigious national award and 
obtain a nomination packet, call Joanna Upton at 

(212) 490-3999. 
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FAST! 
Integrated's line of electromagnetic software. using the 
boundary element method (BEMI performs effortlessly ... so you 
can analyze. customize and finalize, quickly and easily. You 
save time and money through: 

• immediate productivity • accurate, efficient solutions 
• reduced prototyping costs • expert technical support 

"Integrated's BEM sohware provides accurate results 
and improves motor design cycle time without a com
plex FEM mesh. " 

Mark R. Thomas, R&D Engineering Manager, 
Presto lite Electric Inc. 

We're on the cutting edge of CAE design and analysis. bringing 
you the most advanced electromagnetic software available 
anywhere. Our high powered. user-friendly software enables 
you to optimize your designs with incredible efficiency. 

We provide you with sample problems plus a database of 
solved industry-specific designs. Also, IGES or DXF geometry 
translators and parametric definitions accelerate the synthesis 
of your own solutions. 

"Integrated's sohware optimizes our high voltage 
accessory and insulator designs ... reducing material 
cost and enhancing perfonnance. ,. 

Tom Bialek, Senior Product Development Engineer, 
Raychem Corporation 

Count on full technical support, via phone, fax or e-mail. plus 
you receive regular software enhancements each year. 

Installation time and the "software learning curve" barely form 
a speed bump on the road to doing good work, fastwith 
Integrated's software. Call today for a 3O-day trial. 

Electromagnetic Applications: Solution Capabilities: 

• AC/DC motors • electromagnetic fields 
• switches & sensors • torque & force 
• low/high voltage systems • eddy currents & ohmic losses 
• magnetic systems • skin & proximity effects 
• actuators • R, L, C, G & Zo 

• cables • temperature & heat flow 
• other systems • trajectories 

IJ INTEGRATED 
ENGINEERING SOFTWARE 

Phone: (204)632-5636 Fax: (204) 633-7780 
e-mail: info@integrated.mb.ca 
For More Information Write In No. 607 
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That spmacula, imager "'"" capturtd by ,ht 
Hubbk Spact TtkscofJ' anti prrKtsSLd, 

v;"",d anti analyud in IDL 

The Hubble Space Telescope is in orbit when a defect is discov
ered in me primary mirror. Fuzzy pictures. Big problem. 

ciencists knew mey faced a daunting cask when mey launched 
me servicing mission [0 repair NASA's Hubble Space Telescope 
in 1993. They needed superior software tools [0 test, calibrate 
and analyze me data from me replacemem camera. They chose 
lDL, me Intuactivr Data lAnguagr. 

Hut ' s why. 

The ability [0 quickly and easily write applicacions, compile data 
and visualize results compelled the Investigation Definition 
Team for me WFPC-2 [0 use JOL as meir software language. 
JOL provides a "powerful, flexible language that is easy [0 use 
and CtlS[omize," says Paul Scowen, a team member. "With JOL 
you can be productively working on your data after only a couple 
days' exposure [0 me environmem. " 

IDL heIRs ma~e 
i Hubble plctureperfect 

----

~-----

"Among orner mings, I pur [Ogemer a GUT mat incorporated 
numerous JOL applicacions in a simple, poim-and-click mode. 
JOL is one of me best environments I've seen [0 design GUls 
quickly and easily," says Scowen. 

Scowen estimates they saved "more than a year of labor over 
me course of mree years by adopting JOL over other alterna
tives." Because lDL runs on Windows, Unix and Macimosh 
compurers, me team could quickly and efficiently share their 
work. "Being able to take procedures wrinen on one machine 
and tlireetly transplant them [0 anomer at me drop of a hat is 
particularly advantageous," Scowen says. 

"Many of JOL's array-handling logic routines are invaluable," 
Scowen adds. "For example, me ability [0 multiply two arrays 
in memory as fast as ID L does cannot be matched by orner 
commercially-available software." 

Thousands of other organizations like NASA are using JOL to 
accelerate their data analysis. Find out how IDL can help you make 
bener discoveries from your dara. ContaCt us today for an IDL 
information pack and your free booklet, Earth Scima Application 
Profiks, which details other inreresring applications of ID L 

===IDl 
••• L . 

Contact us today for information on the IDL software package & a free demo CD. 
Research Systems, Inc. tel: 303.786.9900 email: info@rsinc.com http://www.rsinc.com Software ", Vision. 

For More Information Write In No. 685 
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