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SUMMARY

This manut L- t lis-SOAing of most of the published
literature o; ITINOL and NiTi alloys. It includes a bibliography,
titles of a gu 0Ncunpublished internal reports and patents

issued. Guidelines for obtaining licenses for Navy-owned patents and

for technical assistance by the Navy are presented.

The manual is intended to aid scientists and designers in

locating specific kinds of information on NITINOL shape memory
effect alloys.
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1. INTRODUCTION

NITINOL is the generic name which has been given to the family
of alloys which are near NiTi in composition. They were developed
in 1961 during an examination of ten different intermetallic
compounds considered potentially useful as missile nose tip materials.
The NiTi alloy exhibited what is now identified as a "shape memory
effect" (SHE).

The inventors of record, (Patent 3 174 851) W. J. Buhler and
R. Wiley named the alloy family "NITINOL". This is derived from the
chemical symbol "NiTi" followed by "NOL", the acronym for Naval
Ordnance Laboratory, the prior designation of the Naval Surface
Weapons Center.

As knowledge of the existence of this shape memory effect alloy
broadens, so does the demand for knowledge of its properties. To
assist those now entering the NITINOL technology community this source
manual has been prepared.

The early years of research in this alloy concentrated on an
understanding of the mechanism of the transformation and a compre-
hension of the overt SHE behavior of the alloy. This was followed
by commercial production of the alloy and the appearance of a narrow
line of commercial products using the alloy. Simultaneously a large
number of patents and ingenious new ways to utilize the alloy
surfaced, but only a few were commerciallized.

Among the difficulties would-be entrepreneurs encountered were
a lack of adequate NITINOL supplies in the shape and sizes desired,
of selected transition-temperature and transition band widths at
reasonable costs, and with prompt delivery. It has become clear
that it is now in the Navy's interest to assist in the development
of commercial applications for NITINOL. These will ultimately
provide a self sustaining production base for alloy, as well as
provide commercial sources of metal for low volume DOD applications.

It is against this background that the NITINOL Technology Center
was activated in 1977 to explore low cost manufacturing technology
for NITINOL and to assist in the development of NITINOL-using devices.
The Center has a complete melting and fabricating facility for
NITINOL.

For the development of NITINOL-using devices, the Technology
Center offers guidance and/or prototype development programs. These
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are usually joint efforts with other government agencies or commercial
organizations. (Funding by the private sector for materials and/or
services is permitted on a non-profit basis. Advance payment to
the Commander, Naval Surface Weapons Center is required.) The
facilities of NSWC are available to the NITINOL Technology Center,
enabling complete design and fabrication of prototypes. This service
is offered only if equivalent capability is not available from
industry and is subordinate to Navy projects.

Current programs include the fabrication of tubes of various
sizes, wall thicknesses, and transition temperatures for specific
Navy applications. Other DOD applications include special couplings
for tubes and shafts. NITINOL wire and appropriate guidance are
supplied on a continuing basis to universities for dental and bio-
medical research. Cooperative programs have been instituted with
NASA for outer space magnetometer positioners, and with DOT for
overheated-journal-bearing detectors for rail cars. Heat engine
technology, using NITINOL as the "working" element, appears promising
for energy conservation applications.

2. LITERATURE SURVEY

Most of the publications listed here are available in open
literature. Those with asterisks* following an identifier number
may be ordered from the

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161

NTIS also offers "Published Searches" of technical literature
for $25 and "On Line" search for $100.

The NITINOL Technology Center maintains as complete a file of
publications as possible. Duplication of specific articles can be
arranged. Requests for assistance should be directed to:

Naval Surface Weapons Center
NITINOL Technology Center
Code CR-32
White Oak, Maryland 20910

Articles in the following bibliography are coded by the last two
digits of the publication year, followed by the first letter of the
principal author's name and a sequential number.

5

I ___



NSWC/WOL TR 78-26

BIBLIOGRAPHY

77C1 Cunningham, B.; Ashbee, K. H. B., Marmen Engines, Acta
Metallurgica, Vol. 25, p. 1315-21, 1977.

77G1 Galton, L., An Easier, Quicker Way To Straighten Teeth, Parade,
p. 11, June 12, 1977.

77J1 Johnson, A. D., Katz, P. I., Spontaneous cmf Associated
with Shape Memory Effect in TiNi, Jnl. Appl. Phys., Vol. 48,
#1, p. 73-4, Jan 1977.

77L1 Lundsten, R; Buehler, W. J.; Jones, R., Nominal 60-NITINOL
EOD Tools-Production Investigation and Evaluation,
NSWC/WOL TR 76-81, June 1977.

76A1 Anon., Latest on Heart Disease: New Theories, Treatments.
U.S. News and World Report, Feb 1976, p. 49-50.

76B1 Banks, R.; Wahlig, M., NITINOL Engine Development LBL-5293
ERDA Contract W-7405-ENG-48 International Solar Energy Society
Meeting, Winnipeg, Canada, August 1976.

76B2 Buehler, W. J., NITINOL Temperature Monitoring Devices,
NSWC/WOL TR 75-140, AD A021578*, Jan 1976.

76C1 Corbett, B., 'Magic' Alloy Tested to End Blood Clots,
San Diego, Cal., Jan 1976.

76M1 Mohamed, H. A. E. F., Martensite Transformation and Shape
Memory Effect in Ni-Ti Alloy, LBL 5112*, May 1976.

76RI Raychem Cryofit Couplings, Raychem Corp., Brochure D-252,
Aug 1976.

76R2 Robinson, A. F., Metallurgy: Extraordinary Alloys That
Remember Their Past, Science Vol. 191, Mar 1976, p. 934-936.

76Y1 Young, P., Memory Metal Recruited for War on Clots, National
Observer, Jan 1976.

6

_______________________________



NSWC/WOL TR 78-26

75AI Allen, R. R., Transmission Electron Microscopic Studies of
Shape Memory Structures, Master Thesis, Naval Postgrad. School,
AD-A009 967*, March 1975.

75A2 Anon., NITINOL: Metal with a Memory, All Hands, July 1975
p. 58-61.

75B1 Banks, R., Nitinol Heat Engines, Shape Memory Efferts in
Alloys, J. Perkins, Ed. Plenum Press, N.Y., 1975.

75B2 Banks, R.; Hernandez, P.; Norgren, D., Nitinol Engine Project
Test Bed, UCID-3739*, NSF/RANN/SE/AG-550/FR 75/2, July 1975.

75B3 Baumgart, F.; Bensman, G.; Dietze, R.; Jorde, J; Kramer, K.;
Experimental Work on the use of Memory Alloy NiTi as Drive
for Deployment of Antennas and Solar Cell Arrays, KRUPP,GMBH,
ESSEN, W. Germany, BMFT-FB-W-75-09, N 76-15257*, June 1975.

75B4 Brook, G. B.; Iles, R. F.; Brooks, P. L., The Relationship
Between Stacking Fault Energy and Shape Memory in Primary
Solid Solutions..., Shape Memory Effects in Alloys, J. Perkins,
Ed. Plenum Press, N.Y., 1975.

75E1 Eckelmeyer, K. H.; The Effect of Alloying on the Shape Memory
Phenomenon in Nitinol, SAND 74-0418*, March 1975.

75F1 Fishman, S. G.; Palmer, C. B., The Design and Fabrication
of a Ceramic-Lined Gun Barrel Insert, NSWC/DL TR 3342
July 1975.

75HI Harrison, J. D.; Hodgson, D. E., Use of TiNi in Mechanical
and Electrical Connectors ..., Shape Memory Effects in Alloys,
J. Perkins, Ed. Plenum Press, N.Y., 1975.

75J1 Johnson, A. D., Nitinol Heat Engines, IECEC Record,
p. 530, 1975.

75J2 Johnson, J. M., Thermomechanical Characteristics of Nitinol,
Thesis, Naval Postgrad. School, AD-A 009 986*, March 1975.

75K1 Kaufman, L.; Kulin, S. A.; Neshe, P., Internal Vibration
Absorption Potential in Structural Materials..., Shape Memory
Effects in Alloys, J. Perkins, Ed. Plenum Press, N.Y., 1975.

75M1 Mukherjee, K.; Chandrasekaran, M.; Milillo, F., Premartensitic-
Martensite Transitions Related to Shape Memory Effect...,
Shape Memory Effects in Alloys, J. Perkins, Ed. Plenum Press,
N.Y., 1975.

7501 Owen, W. S., Shape Memory Effects and Applications: An
Overview..., Shape Memory Effects in Alloys, J. Perkins,
Ed. Plenum Press, N.Y., 1975.

7



NSWC/WOL TR 78-26

75P1 Perkins, J., Shape Memory Effects in Alloys, Plenum Press,
N.Y., 1975. (Book)

75P2 Perkins, J.; Edwards, G. R.; Such, C. R.; Johnson, J. M.;
Allen, R. R.; Thermomechanical Characteristics of Alloys
Exhibiting Martensitic Thermoelasticity..., Shape Memory
Effects in Alloys, J. Perkins, Ed. Plenum Press, N.Y., 1975.

75R1 Rodriguez, C.; Brown, L. C., The Mechanical Properties of
SME Alloys, Shape Memory Effects in Alloys, J. Perkins, Ed.
Plenum Press, N.Y., 1975.

75SI Schmerling, M. A.; Wilkov, M. A.; Sanders, A. E.;
Woosley, J. E., A Proposed Medical Application of the Shape
Memory Effect: A NiTi Harrington Rod for the Treatment of
Scoliosis..., Shape Memory Effects in Alloys, J. Perkins, Ed.
Plenum Press, N.Y., 1975.

75S2 Shimizu, K.; Otsuka, K., Optical and Electron Microscope
Observations of Transformation and Deformation Characteristics
in Cu-Al-Ni Marmem Alloys ..., Shape Memory Effects in Alloys,
J. Perkins, Ed. Plenum Press, N.Y., 1975.

75T1 Tong, H. C.; Wayman, C. M., Thermodynamic Considerations of
"Solid State Engines: Based on Thermoelastic Martensitic
Transformations and the Shape Memory Effect, Metallurgical
Transactions A, Vol. 6A, January 1975-29.

75Vl Vatanayon, S.; Hehemann, R. F., Martensitic Transformations
in $-Phase Alloys, Shape Memory Effects in Alloys,
J. Perkins, Ed. Plenum Press, N.Y., 1975.

75W1 Wasilewski, R. J., The Shape Memory Effect in TiNi: One
Aspect of Stress-Assisted Martensitic Transformation, Shape
Memory Effects in Alloys, J. Perkins, Ed. Plenum Press, N.Y.,
1975.

75W2 Wren, R. F.; Jones, R. W., Nickel-Titanium Pipe Couplings
for Submarine Piping Systems, Contract N00024-75-C-2026
Final Report, June 1975.

75ZI Zmuda, J. P., The Engine that Runs on Sunshine, Popular

Science, April 1975, p. 87.

74B1 Ball, V. W., Simplified Shutter for Aerial Combat Surveillance
Photography, Army Electronics Command, AS 918638 L*,
April 1974.

74B2 Banks, R.; Hernandez, P., A Heat Engine Using CrystalTransformations, NSF Solar Cooling Workshop, February 1974.

8

. . .- .. .. . . .. _



NSWC/WOL TR 78-26

74D1 Drennan, D. C.; Jackson, C. M., The Preparation of Modified
Nitinol Alloys, Final Report, Contract N60921-74-C-0172,
AD-AO10 497*, March 1974.

74M1 Mitchell, M. A.; Wang, F. E.; Cullen, J. R., Electronic Density
of States in TiNi II and TiNi III, Jnl. of Applied Physics,
Vol. 45, #8 p. 3337-3339, Aug 1974.

74R1 Raychem Cryocon Devices, Raychem Corp., Brochure Me-008,
Jan 1974.

74S1 Schwenk, W., Fabrication Techniques for Rivet Fasteners
Utilizing 55-Nitinol, Final Report, AFML TR 74-7, AD 920193L*,
Feb 1974.

74S2 Schwenk, W. and Huber, J., "Nitinol as a Fastener Material,"
SAMPE Quarterly, 5, (1974), 17-21.

74S3 Such, C. R., The Characterization of the Reversion Stress for
NiTi, Thesis, Naval Postgrad. School, AD 784761*, June 74.

74Z1 Zijlstra, S. R.; Beijer and Klostermann, J. A., An Electron-
microscopical Investigation on the Martensitic Transformation
in TiNi, Journal of Materials Science 9 (1974) 145-154.

73B1 Buehler, W. J., Preliminary Study into Shell Mold Casting
of Nominal 60-Nitinol Alloy, NOLTR 73-134, AD 765693*,
July 1973.

73E1 Eckhardt, M. K., Evaluation of Nitinol Fittings for Joining
Titanium Piping for Shipboard Applications, Final Report,
NTIS AD-760-32, April 1973.

73G1- Gudas, J. P.; Davis, D. A.; Gomer, F. J., Properties of
Modified Nitinol Alloys, NSRDC-3919-28-503, AD-781 469,
March 1973.

73P1 Perkins, J., Lattice Transformations Related to Unique
Mechanical Effects, Met. Trans, Vol. 4, p. 2709-2721,
AD-786-340*, Dec 1973.

73P2 Poplis, N., NOL Sensor May Prevent Train Derailments, NOL
Oak Leaf, Nov 1973.

73S1 Silha, C. W.; Schwenk, W., Fasteners with a Memory, SAE,
Paper 730900, Nat. Aerospace Engineering and Mfg. Meeting,
Los Angeles, Ca., Oct 1973.

73W1 Wang, F. E., Twin and antiphase boundary formations in TiNi

through inhomogeneous shear mechanism, J. Appl. Phys.,
Vol. 44, No. 7, July 1973, p 3013.

9



NSWC/WOL TR 78-26

72A1 Anon., Military Specification, MIL-N-81191 (0.5), Jan 1972.

72J1 Jackson, C. M.; Wagner, H. J. and Wasil-wski, R. J.,
55 Nitinol - The Alloy With A Memory: Its Physical Metallurgy,
Properties and Applications, NASA-SP 5110, 1972. N72-30468*

7201 Ordway, F.; Lare, P.; Hermann, R. A., Silicon Carbide Whisker-
Metal Matrix Composites, Final Report, AFML-TR-71-252,
AD 752589*, March 1972.

72S1 Suzuki, T.; Masumoto, K., Composition Dependence of Density
in NiTi and CoTi Metalurgical Transactions, Vol. 3., p. 2009,
July 1972.

72W1 Wang, F. E., On the TiNi (Nitinol) Martensitic Transition
Part 1, NOLTR 72-4, AD 742767*, Jan 1972.

72W2 Wang, F. E.; Buehler, W. J., Additional Unique Property Changes
Observed during TiNi Transition, Applied Phys. Letters,
Vol. 21, #3, p. 105, Aug 1972.

72W3 Wang F. E.; Pichart, S. J.; Alperin, H. A., Mechanism of the
TiNi Martensitic Transformation and the Crystal Structures
of TiNi-II and TiNi-III Phases, J. Appl. Phys., Vol. 43,
No. 1, p. 97, January 1972.

72W4 Wayman, C. M.; Cornelis, I., and Shimizu, K., "Transformation
Behavior and The Shape Memory in Thermally Cycled TiNi,"
Scripta Met., 6, (1972), 115-122.

71N1 Nagasawa, A., Martensite Transformation and Memory Effect in
the NiTi Alloy, Journal of the Physical Society of Japan,
Vol. 31, No. 1, July, 1971.

7101 Otsuka, K.; Sawamura, T.; Shimizu, K. and Wayman, C. M.,
"Characteristics of the Martensitic Transformation in TiNi
and the Memory Effect," Met. Trans., 2, (1971), 2583-2588.

71SI Sandrock, G. D.; Perkins, A. J. and Hehemann, R. F., "The
Premartensitic Instability in Near-Equiatomic TiNi,"
Met. Trans., 2, (1971), 2769-2781.

71W1 Wasilewski, R. J.; Butler, S. R.; Hanlon, J. E. and Worden, D.,
"Homogeneity Range and the Martensitic Transformation in TiNi,"
Met. Trans., 2, (1971), 229-238.

71W2 Wasilewski, R. J., "The Effects of Applied Stress on the
Martensitic Transformation in TiNi," Met. Trans., 2, (1971),
2973-2981.

10



NSWC/WOL TR 78-26

70N1 Nagasawa, A., A New Phase Transformation in the NiTi Alloy,
Journal of the Physical Society of Japan, Vol. 29, No. 5,
p. 1386, November, 1970.

7001 Ordway, F.; Lare, P.; Hermann, R. A., Silicon Carbide Whisker-
Metal Matric Composites, Interim Report, AFML-TR-70-126;
AD 879292*, May 1970.

70Wl Wasilewski, R. J.; Butler, S. R.; Hanlon, J., and Worden, D.,
Discussion of "Solid State Diffusional Transformations in
the Near-Equiatomic NiTi Alloys, Metallurgical Transactions,
Vol. 1, 1970, p 1459-1460.

69B1 Beuhring, V. R.; Jackson, C. M. and Wagner, H. J.: The
Effect of Thermal Cycling and Hydrogen Absorption on Selected
Properties of 55-Nitinol, Final Report, BMI-X-579, Contract
SANL 613/040 on AEC Contract W-7405-eng-92, Battelle Memorial
Institute, Sept 15, 1969.

69B2 Buehler, W. J., and Cross, W. B.: 55-Nitinol, Unique Wire
Alloy with a Memory, Wire J., Vol. 2, June 1969, p. 41-49.

69C1 Chandra, K. and Purdy, G. R.: Observations of Thin Crystals
of TiNi in Premartensitic States, J. Appl. Phys., Vol. 39,
1969, p. 2176-2181.

69C2 Cooper, J. E.; Bowker, D. E. and Cross, W. B.: Investigation
of the Unique Memory Properties of 55-Nitinol Alloy, Materials
and Processes for the 1970's, Proceedings of the 15th Annual
Symposium of the Society of Aerospace Material and Process
Engineers, 1969.

69C3 Cross, W. B.; Kariotis, A. H. and Stimler, F. J.: Nitinol
Characterization Study, NASA CR-1433, N69-36367*, Sept 1969.

69D1 Drennen, D. C. and Jackson, C. M.: The Preparation of
Research Samples of 55-Nitinol, Final Report, Contract SANL
613/066 on AEC Contract W-7405-eng-92, Battelle Memorial
Institute, Oct. 18, 1969.

69D2 Drennen, D. C.; Jackson, C. M. and Wagner, H. J.: A Study
of the Homogeneity of a Large Ingot of a Nitinol Alloy, Final
Report, Contract FAO-16-8835, Battelle Memorial Institute,
Nov. 21, 1969.

69H1 Heisterkamp, C. A., III; Buehler, W. J. and Wang, F. R.:
55-Nitinol-A New Biomaterial, Paper presented at 8th
International Conference on Medical and Biomedical Engineering
(Chicago), 1969.

11



NSWC/WOL TR 78-26

6911 Iwasaki, K. and Hasiguti, R. R.: Antiphase Boundaries in
Ti50-Ni5O Alloys, Paper presented at the 3rd Bolton Landing
Conference on Ordered Alloys (Lake George, N.Y.), 1969.

69K1 Koskimaki, D.; Marcinkowski, M. J. and Sastri, A. S.: Solid
State Diffusional Transformations in the Near-Equiatomic Ni-Ti
Alloys, Transactions of the Metallurgical Society of AIME,
Vol. 245, 1969, p. 1883-1890.

69N1 Nagasawa, A.; Maki, T.; Kakinoki, J., Close Packed Layer
Structures of NiTi Martensite, J. Phys. Soc. Japan 26 (1969),
1560.

69Wi Wagner, H. J. and Jackson, C. M.: What You Can Do With That
"Memory" Alloy... Materials Engineering, Vol. 70, No. 4,
Oct. 1969, p. 28-31.

69W2 Wasilewski, R. J.; Butler, S. R.; Hanlon, J. E. and
Worden, D.: The Structure Homogeneity Range in TiNi, J.
Metals, Vol. 21, No. 3, 1969, p. 41A-42A.

68B1 Ball, A.; Bergersen, S. G. and Hutchinson, M. M.: Effect
of Room-Temperature Prestrain on the Tensile Properties of
the In~ermetallic Compound NiTi in the Temperature Range 150
to 370 C, Proceedings of the International Conference on
the Strength of Metals and Alloys, transactions of the Japan
Institute of Metals, Vol. 9 (supplement), 1968, p 291-295.

68B2 Brookes, M. E. and Smith, R. W., "The Effect of Solute Inter-
change on the Martensitic Transformation Occurring in the
50 At.% Au-Cd Alloy," Metal Science Journal, 2, (1968), 181-
183.

68B3 Buehler, W. J. and Wang, F. E.: A Summary of Recent Research
on the Nitinol Alloys and Their Potential Application in
Ocean Engineering, Ocean Engineering, Vol. 1, 1968, p. 105-
120.

68C1 Carter, F. L., A Mechanism for the High Temperature
Transformation in TiNi and the Resultant Pre-martensitic
TiNi(II), Symposium on TiNi and Associated Compounds, NOLTR
68-16, U. S. Naval Ordnance Laboratory, Feb 20, 1968.

68C2 Cuthill, J. R.; McAlister, A. J.; Williams, M. L., Soft
X-ray Spectroscopy of Alloys: TiNi and the Ni-Al System
Symposium on TiNi and Associated Compounds, NOLTR 68-16,
U. S. Naval Ordnance Laboratory, Feb 20, 1968.

68D1 DeLange, R. G. and Zijderveld, J. A.: Shape-Memory Effect
and the Martensitic Transformation of TiNi, J. Appl. Phys.,
Vol. 39, 1968, p. 2195-2200.

12



NSWC/WOL TR 78-26

68D2 Drennen, D. C.; Jackson, C. M. and Wagner, H. J.:
Metallurgical Services in Connection With Nitinol Wire, Summary
Rept., Contract NAS 1-7522, Battelle Memorial Institute,
June 14, 1968.

68D3 Drennan, D. C.; Jackson, C. M. and Wagner, H. J.: The
Development of Melting and Casting Procedures for Nitinol
Nickel-Base Alloys, Rept. SC-CR-69-3070*, Contract 16-7540,
Battelle Memorial Institute, Dec 1968.

68D4 Drennen, D. C.; Jackson, C. M. and Wagner, H. J., A Study
of the Melting, Casting and Mechanical Working of Nitinol
Nickel-Base Alloys, Battelle Memorial Institute, 1968.

68G1 Goff, J. F.: Dependence of the Transport Properties of
Transition Metal Alloys and Compounds on the Electron Number,
Symposium on TiNi and Associated Compounds, NOLTR 68-16,
U.S. Naval Ordnance Laboratory, Feb 20, 1968, p 9-1 - 9-7.

68H1 Hasiguti, R. R. and Iwasaki, K.: Internal Friction and Related
Properties of TiNi Intermetallic Compound, Symposium on TiNi
and Associated Compounds, NOLTR 68-16, U.S. Naval Ordnance
Laboratory, Feb 20, 1968, p 4-1 - 4-12.

68H2 Hasiguti, R. R. and Iwasaki, K.: Correlations Between Plastic
Deformation and Phase Change in the Compound TiNi with Special
Reference to Internal Friction, Proceedings of the Inter-
national Conference on the Strength of Metals and Alloys,
transactions of the Japan Institute of Metals (supplement),
Vol. 9, 1968, p. 288-291.

6811 Iannucci, A.; Johnson, A. A.; Hughes, E. J.; Barton, P. W.,
An Experimental Study of the Compound TiCo Using High
Temperature X-Ray Diffractometry, Symposium on TiNi and
Associated Compounds, NOLTR 68-16, U. S. Naval Ordnance
Laboratory, Feb 20, 1968.

68M1 Marcinkowski, M. J.; Sastri, A. S. and Koskimaki, K.:
Martensitic Behaviour in the Equi-Atomic NiTi Alloy, Phil.
Mag., Vol. 18, 1968, p. 945-958.

68M2 Mukherjee, A. K., High Temperature Creep Mechanism of TiNi
Symposium on TiNi and Associated Compounds, NOLTR 68-16,
U. S. Naval Ordnance Laboratory, Feb 20, 1968.

6801 Okamoto, H.; Beck, P. A., Long Range Order in TiFe, Symposium
on TiNi and Associated Compounds, NOLTR 68-16, U. S. Naval
Ordnance Laboratory, Feb 20, 1968.

6802 Otsuka, K., and Shimizu, K.: Precipitation Process in Ti-50Ni,
Paper presented at the 62nd Annual Meeting of the Japan
Institute of Metals, 1968.

13



NSWC/WOL TR 78-26

68P1 Pfeifer, H-U.; Bhan, S. and Schubert, K: Zum Aufbau Des
Systems Ti-Ni-Cu Und Einiger Quasihomologer Legierungen,
J. Less Common Metals, Vol. 14, 1968, p. 291-302.

68P2 Pickart, S. J.; Nathans, R.; Menzinger, F., Neutron Diffraction
Study of the TiFe Co Alloys, Symposium on TiNi and Associated
Compounds, NOLTR 98-19, U. S. Naval Ordnance Laboratory,
Feb 20, 1968.

68R1 Rothwarf, F.; Auerbach, A. and Ford, D. R.: Reasibility of
Using Memory Metal Effects for Fuze Applications: A. The Use
of Martensite Materials in the Design of Thermally Activated
Springs, Memorandum Rept. M68-38-1, Department of the Army,
Frankfort Arsenal, AD 713578*, Nov 1968.

68S1 Sastri, A. S. and Marcinkowski, M. J.: Deformation Behavior
in the Near-Equiatomic NiTi Alloys, Transactions of the
Metallurgical Society of AIME, Vol. 242, 1968, p. 2393-2398.

68S2 Sastri, A. S.; Marcinkowski, M. J. and Koskimaki, D.: Nature
of the NiTi Martensite Transformation, Physica Status Solidi,
Vol. 25, 1968, p. K67-K69.

68S3 Scholl, R.; Larson, D. J., Jr. and Freise, E. J.: A Study
of the Relative Ductilities of TiFe, TiCo and TiNi Symposium
on TiNi and Associated Compounds, NOLTR 68-16, U.S. Naval
Ordnance Laboratory, Feb. 20, 1968, p 18-i - 18-14.

68S4 Schuerch, H. U.: Certain Physical Properties and Applications
of Nitinol, NASA CR-1232, Nov 1968, NTIS N 69-11420*.

68S5 Swartzendruber, L. J.; Bennet, L. H.; Line Profiles in the
Nuclear Magnetic Resonance and Mossbauer Effect of TiFe Co
Alloys, SympFsium on TiNi and Associated Compounds, NOL -RX
68-16, U. S. Naval Ordnance Laboratory, Feb 20, 1968.

68V1 Vreeland, D. C., Anodic Sea Water Corrosion of Composite
Metallic Materials for Mechanical Shaft Seals, Naval Research
and Development Center, Annapolis, MD., AD 828192L*, Feb 1968.

68W1 Wang, F. E.; Ernst, D. W., Equiatomic Binary Compounds of

Hf with Transition Elements Osg Ir, and Pt; Further Comments
on the TiNi Transition, Symposium on TiNi and Associated
Compounds, NOLTR 68-16, U. S. Naval Ordnance Laboratory,
Feb 20, 1968.

68W2 Wang, F. E.; DeSavage, B. F.; Buehler, W. J. and
Hosler, W. R.: The Irreversible Critical Range in the TiNi
Transition, Symposium on TiNi and Associated Compounds,
NOLTR 68-16, U.S. Naval Ordnance Laboratory, Feb 20, 1968,
p. 8-1 - 8-24, J. Appl. Phys., Vol. 39, 1968, p. 2166-2175.

14



NSWC/WOL TR 78-26

68W3 West, G. W., Nuclear Magnetic Resonance and Suscegtibility
Measurements in TiCo, Symposium on TiNi and Associated
Compounds, NOLTR 68-16, U. S. Naval Ordnance Laboratory,
Feb 20, 1968.

67A1 Allgaier, R. S.: Analysis of the Hall Coefficient Behavior
in TiFe, TiCo, TiNi, and Their Alloys, Symposium on TiNi
and Associated Compounds, NOLTR 68-16, U.S. Naval Ordnance
Laboratory, Feb 20, 1968, p 121-126, J. Phys. Chem. Solids
28, (1967).

67A2 Anon.: 55 Nitinol Alloys, U.S. Naval Ordnance Laboratory,
Apr 1967.

67B1 Berman, H. A.; West, E. F. and Rozner, A. G.: Anomolous Heat
Capacity of TiNi, J. Appl. Phys., Vol. 38, 1967, 4473-4476.

67D1 DeSavage, B. F., Magnetic Properties of the Pseudobinary System
TiFexCo1s, J. Appl. Phys. 38, 1337, (1967).

67H1 Hanlon, J. E,; Butler, S. R. and Wasilewski, R. J.: Effect
of Martensitic Transformation on the Electrical and Magnetic
Properties of NiTi, Transactions of the Metallurgical Society
of AIME, Vol. 239, 1967, p. 1323-1327.

67R1 Rozner, A. G.; Tydings, J. E., Effect of Hydrostatic Extrusion
on the Mechanical Properties of CuZn and TiNi, Journal of
Inst. of Metals, Vol. 95, p. 254-5, 1967.

67S1 Starke, E. A. and Lee, E. U.: Observations of "Side-Bands"
on X-ray Patterns of the Intermetallic Compound TiNi,
Materials Res. Bull., Vol. 2, 1967, p. 231-239.

67Wl Wang, F. E., Symposium on TiNi and Associated Compounds,
Editor, NOLTR 68-16, April 1967.

67W2 Wasilewski, R. J.; Butler, S. R. and Hanlon, J. E.: On the
Martensitic Transformation in TiNi, Metal Sci. J., Vol. 1,
1967, p. 104-110.

66B1 Bard, D., Cavitation Erosion Resistance of Nitinol (60% Ni -
40% Ti), Naval Applied Science Lab., AD 864526 L*, Oct 6, 1966.

66B2 Buehler, W. J. and Wang, F. E.: Study of Transition Element
Intermetallic Compounds, Paper presented at the Ninth Navy
Science Symposium (Washington, D.C.), 1966.

66D1 Dautovich, D. P.; Melkvi, Z.; Purdy, G. R. and Stager, C. V.:Calorimetric Study of a Diffusionless Phase Transformation

in TiNi, J. Appl. Phys., Vol. 37, 1966, p. 2513-2514.

15



NSWC/WOL TR 78-26

66R1 Rozner, A. G. and Buehler, W. J.: Effect of Cold Work on
Room Temperature Tensile Properties of TiNi Intermetallic
Compound, Transactions of ASM, Vol. 59, 1966, p. 350-352.

66R2 Rozner, A. G. and Buehler, W. J.: Low Temperature Deformation
of the TiNi Intermatallic Compound, Rept. NOLTR 66-38, U.S.
Naval Ordnance Laboratory, Mar. 1, 1966.

66R3 Rozner, A. G. and Spinner, S.: Some Consideration of the
Elastic Properties of TiNi in the Vicinity of Transformation
Temperature, Symposium on TiNi and Associated Compounds,
NOLTR 68-16, U.S. Naval Ordnance Laboratory, Reb 20, 1968,
p. 6-1 - 6-19, J. Acous. Soc. Amer. 40, 1009 (1966).

66R4 Rozner, A. G. and Wasilewski, R. J.: Tensile Properties of
NiAl and NiTi, J. Inst. Metals, Vol. 94, 1966, p 169-179.

66S1 Spinner, S. and Rozner, A. G.: Elastic Properties of NiTi
As a Function of Temperature, J. Acoust. Soc. Am., Vol. 40,
No. 5, 1966, p .1009-1015.

66Z1 Zijderveld, J. A.; deLange, R. G. and Verbraak, C. A.:
La Transformation Martensitique des Alliages Titane-Nickel
Au Voisinage de La Composition Equiatomique, Memoires
Scientifiques Revue de Metallurgie, Vol. 63, 1966, p. 885-888.

65B1 Bradley, D.: Sound Propagation in Near-Stoichiometric TiNi
Alloys, J. Acoust. Soc. Am., Vol. 37, No. 4, 1965, p. 700-702.

65B2 Buehler, W. J. and Wang, F. E.: Martensitic Transformations
in the TiNi Compound, Reactivity in Solids, Proceedings of
the 5th International Symposium (Munich), 1964, Elsevier
Publishing Company (Amsterdam), 1965, p. 79-89.

65Dl Dautovich, D. P. and Purdy, G. R.: Phase Transformations
in TiNi, Canadian Metallurgical Quarterly, Vol. 4, 1965,
p. 129-143.

65G1 Goldstein, D. M.; Buehler, W. J. and Wiley, R. C.: Effects
of Alloying Upon Certain Properties of 55.1 Nitinol, Rept.
NOLTR 64-235, U.S. Naval Ordnance Laboratory, May 28, 1965,
AD 618681*.

65R1 Rozner, A. G.; Heintzelman, E. F.; Buehler, W. J. and
Gilfrich, J. V.: Effect of Addition of Oxygen, Nitrogen and
Hydrogen on Microstructure and Hardness of Cast TiNi Inter-
metallic Compound, Transactions of ASM, Vol. 58, 1965,
p. 415-418.

65W1 Wang, F. E.; Buehler, W. T. and Pickart, S. J.: Crystal
Structure and a Unique "Martensitic" Transition of TiNi,
J. Appl. Phys., Vol. 36, 1965, p. 3232-3239.

16



NSWC/WOL TR 78-26

65W2 Wang, F. E.: The Mechanical Properties as a Function of
Temperature and Free Electron Concentration in Stoichiometric
TiNi, TiCo and TiFe Alloys, Proceedings of the International
Conference on Fracture (Sendai, Japan), 1965, p. 899-908.

65W3 Wasilewski, R. J.: Elastic-Modulus Anomaly in TiNi,
Transactions of AIME, Vol. 233, 1965, p 1691-1693.

64A1 Anon.: Nickel-Titanium Alloys, Strong Ductile Alloys Based
on Nickel-Titanium Intermetallic Compounds for Non-magnetic
Tools and Other Applications needing Wear and Corrosion
Resistance, (1960-1964), National Bureau of Standards,
Washington, D.C., Inst. for Applied USGRDR4002, OTR-102,
Oct 64.

64B3 Buehler, W. J., et al, NiTi System, Solid State Research,
NOLTR 64-30, p. 31-34, 17 Feb 1964.

64B4 Buehler, W. J., et al, The Thermal Conductivity, Thermoelectric
Power and0the Electrical Resistivity of TiNi (NITINOL) Between
3 and 300 K, Solid State Research, NOLTR 64-30, p. 35-36,
17 Feb 1964.

64G1 Goff, J. F.: Thermal Conductivity, Thermoelectric Power, a8d
the El8ctrical Resistivity of Stoichiometric TiNi in the 3
to 300 K Temperature Range, J. Appl. Phys., Vol. 35, 1964,
p. 2929-2927.

64W1 Wang, F. E.; Syeles, A. M.; Clark, W. L. and Buehler, W. J.:
Growth of TiNi Single Crystals by a Modified "Strain-Anneal"
Technique, J. Appl. Phys., Vol. 35, 1964, p. 3620.

63B1 Buehler, W. J.: "Intermetallic Compound Based Materials for
Structural Applications," Proceedings of the Seventh Navy
Science Symposium, Rept. ONR-16, Vol. 1, (AD 421708), 1963,
p. 1-30.

63B2 Buehler, W. J.; Gilfrich, J. V. and Wiley, R. C.: Effect
of Low-Temperature Phase Changes on the Mechanical Properties
of Alloys Near Composition of TiNi, J. Appl. Phys., Vol. 34,
1963, p. 1475-1477.

63G1 Gilfrich, J. V.: X-ray Diffraction Studies on the Titanium-
Nickel System, Vol. 6: Advances in X-ray Analysis, Proceedings
of the Eleventh Annual Conference on Application of X-ray
Analysis, Plenum Press (New York), 1963, p. 74-84.

63G2 Gould, J. V.: Machinability of Nickel-Titanium Alloys, Contract
N60921-6814 (AD 419009)*, Metcut Research Associates, Inc.,
June 24, 1963.

17



NSWC/WOL TR 78-26

63M1 Mueller, M. H. and Knott, H. W.: "The Crystal Structures
of Ti Cu, Ti Ni, Ti Ni 0, and Ti CuO, Transactions of the
MetaliutgicaI Society 9f AIME, Vl.'227, 1963, p 674-678.

62B1 Buehler, W. J. and Wiley, R. C.: TiNi - Ductile Intermetallic
Compound, Transactions of ASM, Vol. 55, 1962, p. 269-276.

61B1 Buehler, W. J. and Wiley, R. C.: The Properties of TiNi and
Associated Phases, Rept. NOLTR 61-75, (AD 266607), U.S. Naval
Ordnance Laboratory, Aug. 3, 1961.

61P1 Purdy, G. R. and Parr, J. G.: Study of Titanium-Nickel System
Between Ti2Ni and TiNi, Transactions of AIME, Vol. 221, 1961,
p. 636-639.

60P1 Pietrokowsky, P. and Youngkin, F. G.: Ordering in the
Intermediate Phases TiFe, TiCo, and TiNi, J. Appl. Phys.
Vol. 31, 1960, p. 1763-1766.

60S1 Stuwe, H. P. and Shimomura, Y.: Gitterkonstanten der Kubisch
Raumzentrierten Phasen FeTi, CoTi, NiTi, Zeitschrift fur
Metallkunde, Vol. 51, 1960, p. 180-181.

59TI Teatum, E., Gschneidner, K. and Waker, J., Compilation of
Calculated Data Useful in Predicting Metallurgical Behavior
of the Elements in Binary Alloy Systems, Los Alamos Scientific
Laboratory, LA-2345, (1959), 22-25.

58H1 Hansen, M., Constitution of Binary Alloys, McGraw-Hill,
New York, (1958), 1049-1053.

58KI Kubaschewski, 0.: The Heats of Formation in the System
Aluminum + Nickel + Titanium, Transactions of the Faraday
Society, Vol. 54, 1958, p. 814-820.

54P1 Poole, D. M. and Hume-Rothery, W., The Equilibrium Diagram
of the System Nickel-Titanium, J. Inst. Metals, Vol. 83,
1954, p. 473-480.

53M1 Margolin, H.; Ence, E. and Nielsen, J. P.: Titanium-Nickel
Phase Diagram, Transactions of AIME, Vol. 197 1953, p. 243-247.

51T1 Taylor, A. and Floyd, R. W.: The Constitution of Nickel-Rich
Alloys of the Nickel-Chromium-Titanium System, J. Inst. Metals,
Vol. 80, 1952, p. 577-587.

50DI Duwez, P. and Taylor, J. L.: Structure of Intermediate Phases
in Alloys of Titanium With Iron, Cobalt, and Nickel,
Transactions of AIME, Vol. 188, 1950, p. 1173-1176.

39L1 Laves, F. and Wallbaum, H. J.: The Crystal Structure of Ni Ti
and Ni Ti, Zeitschrift fur Kristallographie, Vol. A101, 1939,
p. 78- 3.

18



NSWC/WOL TR 78-26

3. INTERNAL REPORTS

The following reports are for internal distribution only. They
are presented only to make known that some technical information has
been developed on titled subject.

Wiley, R. C.; Sutton, C. E., Stresses Associated with
Structural Transformations in 55.4 NITINOL, Jan 24, 1964.

Wiley, R. C., A Study of Brazing Techniques for Joining
an Alpha + Beta Titanium Alloy to 60 NITINOL, Aug 30, 1967.

Buehler, W. J.; Heintzelman, E. F.; Jones, R. E.;
Sutton, C. E., Oxidation Mechanism of 60-NITINOL and Its
Associated Effects, April 14, 1967.

Buehler, W. J.; Jones, R. E., Strenthening TiNi Co
Ternary Alloys Through Cryogenic Deformation, Ot 1-,1966.

Goldstein, D. M.; Buehler, W. J., Improved Oxidation
Resistance of NITINOL, Feb 3, 1966.

Buehler, W. J.; Jones, R. E.; Sutton, C. E.;
Heintzelman, E. F.; Lundsten, R. H., Cast 60-Nitinol HOD
Tools, May 3, 1972.

Memo Sutton, C. E.; Buehler, W. J., Mechanical Hysteresis Associated
with Diffusionless Transitions in the Near-Stoichiometric TiNi
Alloys, Feb 15, 1965.
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4. PATENTS

Copies of patents may be obtained from the

U.S. Patent Office
U.S. Dept. of Commerce
Box 9
Washington D.C. 20231

The cost of patents is 50 cents each. Patents which are Navy owned
(including the basic patent on NITINOL) may be licensed. The
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following statement from the Navy Office of Patent Counsel details
licensing procedures.

LICENSES UNDER NAVY PATENTS AND PATENT APPLICATIONS

The Department of the Navy has instituted a program to license
for commercial purposes patents and patent applications owned by
the United States Government and in the custody of the Navy. This
program is necessary because making, using or selling an invention
covered by a Navy patent without express permission by the Government
constitutes an unauthorized use. The Department of the Navy is
presently implementing the Presidential Statement of Government Patent
Policy of August 23, 1971.

A major premise of the Presidential Statement of Government
Patent Policy, August 23, 1971 (36 FR 16887, August 26, 1971), is
that Government inventions normally will best serve the public
interest when they are developed to the point of practical application
and made available to the public in the shortest possible time.
The granting of express nonexclusive or exclusive licenses for the
practice of these inventions may assist in the accomplishment of
the national objective to achieve a dynamic and efficient economy.

The granting of nonexclusive licenses generally is preferable
since the invention is thereby laid open to all interested parties
and serves to promote competition in industry, if the invention is
in fact promoted commercially. However, to obtain commercial
utilization of the invention, it may be necessary to grant an
exclusive license for a limited period of time as an incentive for
the investment of risk capital to achieve practical application of
an invention.

Whenever the grant of an exclusive license is deemed appropriate,
it shall be negotiated on terms and conditions most favorable to
the public interest. In selecting an exclusive licensee, consideration
shall be given to the capabilities of the prospective licensee to
further the technical and market development of the invention, his
plan to undertake the development, the projected impact on competition,
and the benefit to the Government and the public. Consideration shall
be given also to assisting small business and minority business
enterprises, as well as economically depressed, low income, and labor
surplus areas, and whether each or any applicant is a U.S. citizen
or corporation. Where there is more than one applicant for an
exclusive license, that applicant shall be selected who is determined
to be most capable of satisfying the criteria and achieving these
goals.

The Chief of Naval Research (Code 302), Arlington, Virginia
22217, is now accepting applications for nonexclusive and exclusive
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licenses under designated patents and patent applications belonging
to the U.S. Government and in the custody of the Department of the
Navy.

All licenses will be individually negotiated with responsible
applicants. The usual nonexclusive license will be revocable, non-
transferable and royalty-free. The time period or term, the
geographical area and/or field of use of the invention and other
terms and conditions of the license are matters which will be
considered in each case.

An applicant for a license should identify the patent or patent
application number(s), state whether he is applying for a nonexclusive
or an exclusive license, supply the name and address of the individual,
organization or corporation (including the state of incorporation)
applying for the license, provide a statement of the nature and type
of the applicant's business and a statement of the purpose for which
a license is desired along with a brief description of the applicant's
plan to achieve that purpose including some indication of how the
grant of a license would be in the public interest. Any other
pertinent information should be included.

An applicant for an exclusive license should, in addition to
the information set forth in the above paragraph, indicate whether
or not he is a United States citizen, identify any other exclusive
licenses he has ever had under patents or patent applications belonging
to the U. S. Government, state to the best of his knowledge the extent
to which the Government invention is being practiced by private
industry, provide a statement of his capability to undertake the
development and marketing required to achieve the practical application
of the invention in a specified geographical area and field of use,
provide a statement describing the time expenditure and other acts
which he considers necessary to achieve practical application of
the invention and include his offer to invest that sum to perform
such acts if the license is granted. It would be beneficial for him
to state why it will be in the public interest for him to have an
exclusive license rather than a nonexclusive license.

An exclusive license may be granted after publication of the
invention for nonexclusive licensing and after publication of the
name of the selected applicant for a particular exclusive license
if there is no responsible applicant for a nonexclusive license.

Exclusive licenses shall be subjected to several reservations
of rights, as for example, an irrevocable royalty-free reservation
throughout the world of rights in the invention to the United States
Government. Exclusive licenses will contain a provision for royalty
payments and/or other consideration flowing to the U. S. Government
and in certain instances the granting of sublicenses to responsible
applicants may be required of the exclusive licensee. Exclusive
licenses will contain all terms and conditions which are required
by law and by U. S. Government regulations and some additional
provisions.
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The information for applicants to submit in connection with
requesting a license and the license provisions set forth in this
paper are only intended to be illustrative and suggestive of the
type of information needed and the possible kinds of provisions which
may appear in a license. They are not intended to be limiting in
content, meaning or words.
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"Temperature Sensing"
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"Temperature Monitor"
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Patent No. 3,508,914
"Methods of Forming and Purifying Nickel-Titanium Containing Alloys"
W. J. Buehler, Assignor to U.S.A.
Filed 7 Oct 1965
Issued 28 Apr 1970
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Filed 30 Oct 1968
Issued 19 May 1970
22 Claims (Cl. 337-382)

Patent No. 3,516,082
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W. J. Buehler, Assignor to U.S.A.
Filed 4 Nov 1966
Issued 22 Sep 1970
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Patent No. 3,558,369
"Method of Treating Variable Transition Temperature Alloys" I
F. E. Wang and W. J. Buehler, Assignors to the U.S.A.
Filed 12 Jun 1969
Issued 26 Jan 1971
2 Claims (Cl. 148-11.5)

Patent No. 3,582,856
"Temperature Sensing Relay"
D. L. Watrous and J. D. Harnden, Assignors to General Electric Co.
Filed 18 Jun 1969
Issued 1 Jun 1971
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Patent No. 3,594,239
"Method of Treating Unique Martensitic Alloys"
F. E. Wang, Assignor to U.S.A.
Filed 26 Feb 1968
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6 Claims (Cl. 148-13)
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Patent No. 3,594,674
"Temperature-Responsive Control Devices Adjustably Responsive to

Various Operating Temperatures"
J. R. Willson, Assignor to Robertshaw Controls Co.
Filed 13 Aug 1969
Issued 20 Jul 1971
25 Claims (Cl. 337-139)

Patent No. 3,594,675
"Temperature-Sensing Probe"
J. R. Willson, Assignor to the Robertshaw Controls Co.
Filed 28 May 1969
Issued 20 Jul 1971
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Patent No. 3,613,732
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Assignors to Robertshaw Controls Co.
Filed 17 Jul 1969
Issued 19 Oct 1971
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Patent No. 3,620,212
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File 15 Jun 1970
Issued 16 Nov 1971
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Patent No. 3,634,803
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Assignors to Robertshaw Controls Co.
Filed 22 Jul 1969
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Patent No. 3,645,443
"Automobile Thermostat"
J. R. Willson and K. T. Krueger, Assignors to Robertshaw Controls Co.
Filed 19 Dec 1969
Issued 29 Feb 1972
9 Claims (Cl. 236-34)

Patent No. 3,652,969
"Method and Apparatus for Stabilizing and Employing Temperature

Sensitive Materials Exhibiting Martensitic Transitions"
J. R. Willson and D. W. Carey, Assignors to Robertshaw Controls Co.
Filed 27 May 1969
Issued 28 Mar 1972
10 Claims (Cl. 337-140)
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Patent No. 3,660,082
"Corrosion and Wear Resistant Nickel Alloy"
A. Negishi, K. Takayanagi and M. Ikeda, Assignors to the Furukawa

Electric Co., Ltd, Tokyo, Japan
Filed 27 Dec 1968
Issued 2 May 1972
16 Claims (Cl. 75-134)

Patent No. 3,664,582
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W. F. Jackson and J. R. Willson, Assignors to Robertshaw Controls Co.
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Patent No. 3,672,879
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Patent No. 3,676,815
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Issued 11 Jul 1972
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Patent No. 3,679,394
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Patent No. 3,684,994
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G. A. DuRocher, Assignor to Essex Internationsl Inc.
Filed 9 Mar 1970
Issued 26 Dec 1972
17 Claims (Cl. 337-139)

Patent No. 3,725,835
"Memory Material Actuator Devices"
J. B. Hopkins and W. Rindner
Filed 20 Jul 1970
Issued 3 Apr 1973
13 Claims (Cl. 337-140)

Patent No. 3,731,247
"High Temperature Sensing Apparatus Effective Over Extensive Lengths"
R. N. Levinn, Assignor to American Thermostat Corp.
Filed 8 Jan 1971
Issued 1 May 1973
9 Claims (Cl. 337-140)

Patent No. 3,740,839
"Cryogenic Connection Method and Means"
R. F. Otte and C. L. Fischer, Assignors to Raychem Corp.
Filed 29 Jun 1971
Issued 26 Jun 1973
16 Claims (Cl. 29-628)

Patent No. 3,748,197
"Method for Stabilizing and Employing Temperature Sensitive

Material Exhibiting Martensitic Transitions"
J. R. Willson and D. W. Carey, Assignors to Robertshaw Controls Co.
Filed 14 Sep 1971
Issued 24 Jul 1973
7 Claims (Cl. 148-131)
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Patent No. 3,753,700
"Heat Recoverable Alloy"
J. D. Harrison, J. Y. Choi and P. R. Marchant, Assignors to

Raychem Corp.
Filed 2 Jul 1970
Issued 21 Aug 1973
2 Claims (Cl. 75-134)

Patent No. 3,753,792
"Method of Achieving Thermally Balanced Hot Wire Relay Type Devices"
H. J. Tyler, Assignor to Robertshaw Controls Company
Filed 9 Dec 1971
Issued 21 Aug 1973
10 Claims (Cl. 148-13)

Patent No. 3,759,552
"Hydraulic Coupling with Metallic Sealing Member"
R. Levinsohn and J. E. Jervis, Assignors to Raychem Corp.
Filed 8 Sep 1970
Issued 18 Sep 1973
13 Claims (Cl. 285-175)

Patent No. 3,783,429
"Temperature Actuated Connector"
R. F. Otte, Assignor to Raychem Corp.
Filed 21 Jun 1972
Issued 1 Jan 1974
12 claims (Cl. 337-393)

Patent No. 3,827,426
"Prosthetic Pump"
Mark Page and Phillip N. Sawyer
Filed 16 Jul 1971
Issued 6 Aug 1974
11 Claims (Cl. 128-1D)

Patent No. 3,839,903
"Method for Determining the Matrix Composition of a TiNi Base Alloy"
W. J. Buehler
Filed 1 May 1972
Issued 8 Oct 1974
8 Claims (Cl. 73-67.1)

Patent No. 3,849,756
"Nitinol Activated Switch Usable as a Slow Acting Relay"
C. D. Hickling, Assignor to American Thermostat Corp.
Filed 14 Jun 1973
Issued 19 Nov 1973
10 Claims (Cl. 337-382)
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Patent No. 3,861,030
"Article and Method for Locating Contacts"
R. F. Otte, Assignor to Raychem Corp.
Filed 4 Apr 1975
Issued 21 Jan 1975
13 Claims (Cl. 29-626)

Patent No. 3,872,415
"Relay"
D. E. Clarke, Assignor to Texas Instruments Inc.
Filed 16 Apr 1973
Issued 18 Mar 1975
7 Claims (Cl. 337-140)

Patent No. 3,872,573
"Process and Apparatus for Making Heat Recoverable Composite

Couplings"
P. E. Nichols and C. L. Martin, Assignors to Raychem Corp.
Filed 19 Dec 1973
Issued 25 Mar 1975
17 Claims (Cl. 29-447)

Patent No. 3,905,228
"Mechanical Heat Flux Recorder"
W. K. Smith
16 Sep 1975

Patent No. 3,913,326
"Energy Conversion"
R. Banks
21 Oct 1975

Patent No. 3,930,629 (N. C. No. 56,253)
"Overheated Journal Bearing Derailment Prevention System"
21 Claims (Cl. 246-169A)

Patent No. 3,957,206
"Extendable Rocket Motor Exhaust Nozzle"
J. N. Mason
18 May 1976

Patent No. 4,010,612
"Thermal Motor"
D. J. Sandoval
Filed 13 Dec 1974
Issued 8 Mar 1977
12 Claims (Cl. 60/527-529)
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Patent No. 4,030,298
"Thermal M4otor"
Dante J. Sandoval
Filed 19 Feb 1976
Issued 21 Jun 1977
9 Claims (Cl. 60/527-529)
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