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INTRODUCTION

This ‘publication, containing 206 entries, supersedes an earlier bibliography, NASA
’ TM-80225 (April 1980). Citations for 18 documents have been added in this updated
version.

The purpose of this selected bibliography is to list available publications that might
be helpful to persons interested in magnetic suspension and balance systems for use in
wind tunnels. Some historical material has been included, and the arrangement is
generally chronological by date of publication. However, papers presented at conferences
or meetings are placed under dates of presentation. Therefore, the collection also serves
as a "history”” of the development of this type of equipment. :

The numbers assigned to many of the citations have been changed from those used
in the previous bibliography. This has been done in order to allow outdated citations to
be removed and some recently discovered older works to be included in their proper
chronological order.

An effort has been made to include the relevant literature. However, some important
papers may have been inadvertently omitted. It is hoped that omissions of this type will
be called to the attention of the compilers so that possible subsequent updated versions
may be more nearly complete and, therefore, more useful. Some early French reports are
omitted, as attempts to secure copies have thus far been unsuccessful.

Corporate source, author, and subject indexes, by citation number, are included for
the convenience of the wusers. In many cases, abstracts used are from the NASA
announcement bulletins “Scientific and Technical Aerospace Reports”’ (STAR) and
“International Aerospace Abstracts” (IAA). In other cases, authors’ abstracts were used.
License was taken to modify or shorten abstracts. Abstracts are usually not included for
documents having limited distribution. The information included about the authors is that
existing when the papers were written and may not have remained the same. If it is
known that a paper has appeared in several forms, mention is made of this fact.

ldentifying information, including accession and report numbers when known, is
included in the citations in order to facilitate filling requests for specific items. When
requesting material from a library or other source, it is advisable to include the complete
citation; the abstract may be omitted.

Availability of journal articles, books, and other open literature has not always been
included, as this type of material is available at many libraries or may be secured
through interlibrary loan.

Availability sources of the different types of materials are given on the following
page.
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MAGNETIC SUSPENSION AND BALANCE SYSTEMS
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Foreign
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. ONERA (B)

3. Oxford Univ.
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Southampton (B)

Degrees of
freedom

5
5

D

Size, cm

33.0

15.2 octag.
1.6 X 10.2

10.2 X 10.2
12.7
15.2
5.1

10.2
15.2

8.5 X 85
6.0

30.0

76 X 7.6
18.0 octag.
17.8 X 17.8

Mach number

8/0 to 0.5

0to 0.5
4.2

4.8

Subsonic

1t 3

Supersonic
0to 1.8
8.6

Use

Wake studies/R&D

Static and Magnus
Static and dynamic

Static and dynamic
R&D tool
Wake studies

Low Reynolds number
sphere drag

Cone and sphere drag

Dynamic stability/R&D

Drag, base pressure -
Drag, base pressure

Base pressure and
heat transfer

Low density sphere drag
Static and dynamic

Sting and
Magnus effects

Description
(see citation
numbers)

45, 80, 105

98, 143
98, 113

26, 27
56
35, 63

82, 92
22
149, 168

6, 9, 59

59

59
151, 180
83

b4, 64, 87



BIBLIOGRAPHY

1 *Holmes, F. T.: Axial Magnetic Suspensions. Review of
Scientific Instruments, vol. 8, Nov. 1937, pp. 444—447.

A vertical ferromagnetic needle can be supported in
macroscopic equilibrium by magnetic forces alone. One
method using a variable magnetic field is described and
shown to have considerable latitude in details of application.
A 6 g rotor having a moment of inertia of about 0.8 g cm?2
was suspended in this manner. It was spun at about 1200
rev./sec., its behavior indicating that with suitable driving
arrangements much higher speeds should be attainable. At
600 rev./sec. with driving torque zero it exhibited a
deceleration of about 2x10°3 rev./sec.2. A suspended
element - weighing about % g showed torsion constants,
depending on adjustments, down to 7‘x 10-6 dy cm/rad.

*Univ. of Virginia, Charlottesville, Va. 22901

2 *Beams, J. W.: Magnetic Suspension Balance. Physical
Review, vol. 78, no. 4, May 15, 1950, pp. 471—472.

Magnetic suspension balances, in which the material to be
weighed is freely suspended, have been designed and operated
successfully by Holmes and by Clark, but these balances
lacked the sensitivity and stability necessary for some types
of ‘measurement. In a recent paper a magnetic suspension for
hi"gh speed rotors was described which also proved to be an
excellent magnetic suspension balance. This magnetic balance
has now been modified and improved to a point where its
sensitivity is limited only by the natural fluctuations or
"Brownian motion” of the system, and may be used in
almost any experiment where small changes in mass or force
are to be determined. It is especially suited to experiments
where the weighing must be carried out in an evacuated or
enclosed chamber, under a transparent liquid, etc., where no
mechanical connections to the outside are possible, Also the
same apparatus may be used to support and weigh over a
wide range of masses or forces. The apparatus is described in
this report.

*Univ. of Virginia, Charlottesville, Va. 22901
Contract No. NOrd-7873

3  *Okress, E. C.; *Wroughton, D. M.; *Comenetz, G.;

*Brace, P. H.; and *Kelly, J. C. R.. Electromagnetic
Levitation of Solid and Molten Metals. Journal of Applied
Physics, vol. 23, no. 5, May 1952, pp. 545—-552. For a
comment on and corrections to this article see: Journal of
Applied Physics, vol, 23, no. 12, Dec. 1952, p. 1413.

The subject is an unconventional method of heating and
melting metals without a crucible, by suspension in space with
an electromagnetic field. Operating conditions for certain
cases are given. The results obtained by means of the new
technigue encourage the thought of melting, purifying,
alloying, and agitating of inert and reactive metals without
resort to crucibles, and thereby avoiding the contamination
of reactive metals by crucible materials. Preliminary results
with various forms and masses of metal are described.
Considerations concerning the atmosphere in which levitation
occurs are included,

*Westinghouse Electric Corp., Bloomfield, NJ

4

Note by compilers: The a.c. levitation discussed in this paper
has no direct application to the magnetic suspension of
models in wind tunnels. The paper is included in this
bibliography, however, for its historic interest as an example
of the early work on a.c, levitation which, through
misinterpretation, led many to believe that all schemes of
levitation by magnetic fields would resuit in rﬁélted,models.

4 *Beams, J. W.. Magnetic-Suspension Ultracentrifuge
Circuits. Electronics, vol. 27, no. 3, March 195%4, pp.
152—155.

This paper describes a magnetic support for high-speed
rotors which has been under development at the University
of Virginia for more than a decade and a half and which has
proven to be an almost ideal support bearing for a wide
variety of high speed rotors. A high-speed rotor, surrounded
by a vacuum, is held in alignment by an electronically
controlled solenoid to give a frictioniess bearing that permits
speeds up to 50,000,000 rpm, measured by comparing
phototube output with WWYV signals.

*Univ. of Virginia, Charlottesville, Va. 22901

5 Boerdijk, A. H.. Technical Aspects of Levitation.
Phillips Research Rep. 11, pp. 4556, 19566. R-284.
(Available STIF).

Levitation of a body is here defined as a state of either
stable or indifferent equilibrium relative to the earth in which
material contact between the body and its environment is not
essential. The possibilities and limitations of levitation by
auxiliary gravitational forces, by reaction forces and by
forces in electromagnetic fields are investigated. Levitation
by gravitational forces or by radiation pressure is not feasible
in practice, whilst levitation by forces in electrostatic fields is
theoretically impossible. Under certain conditions levitation
may be achieved by reaction forces and by forces in
magnetostatic, stationary and quasi-stationary
electromagnetic fields. Published applications comprise
balances, centrifuges, and a method for melting metals in
vacuo without a crucible.

6 *Tournier, Marcel; and *laurenceau, P.: Suspension
Magnetique d’'une Maquette en Soufflerie. (Magnetic
Suspension of a Model in a Wind Tunnel.) La Recherche
Aeronautique, no. 59, July—Aug. 1957, pp. 21-27.

N80-71571 {In English)

A new method of suspending models has been worked
out and has been subjected to varying conditions of speed of
flow in tests demonstrating the future use for which it was
conceived. This paper provides a rapid review of methods
utilized up to now to “support” the body in wind-tunnel
tests which shows that no real material supports possess all
the qualities which are required of them. These
considerations led the O.N.E.R.A. (National Office of
Aeronautical Studies and Research) to seek a ‘means of
supporting a mode! in a position determined by immaterial
bonds in order that the fluid flow around the body be
disturbed by neither the sides of the test cell (the
consequences of whose perturbation creates the object of
particular studies) nor by the supports. Several solutions have



been imagined: the first consists of suspending a permanent
magnet intended to support the model and to balance the
resultant aerodynamical forces. The others utilize one or
more iron electromagnets acting astride a bar of soft iron
which constitutes the body of the model.

*ONERA, 92320, Chatillon, France

7 *Nelson, W. L.; and *Alaia, C. M.: Aerodynamic Noise
and Drag Measurements on a High-Speed Magnetically
Suspended Rotor. WADC-TR-57-339, Jan. 1958, 62 pp.
AD-142153 N8O-71540%#

This report describes measurements of aerodynamic
noise, drag torque, and temperature effects produced at the
surface of a magnetically suspended cylindrical rotor spinning
in air at high speed. The primary objective of this
investigation has been the measurement of aerodynamic
noise. This has led to the development of apparatus and
instrumentation for controlied measurement, within the
taboratory, of the noise, drag, and thermai effects
encountered in high speed flight in the atmosphere. The
results of this study indicate that with certain improvements
recommended in this report, this apparatus can be developed
as a fruitful method for the investigation of boundary layer
phenomena.

*Columbia Univ., New York, N.Y.
Contract No. AF 33(616)2331

8 *Kuhlthau, A. R.: Applications of a Free Magnetic
Support. In: Proceedings of the Fourth U.S. Navy
Symposium on Aeroballistics, Sponsored by the Bureau of
Ordnance, NAVORD Rep. No. 5904; NPG Rep. No, 1599,
Vol. 1, Paper No. 29, Chapter 5, pp. 8—16. May_ 1958.
N-49028, Vol. 1
This paper gives some possible applications of the free
electromagnetic support developed by the Univ. of Virginia.
Described are methods for measuring rotating cylinder drag,
measurement of molecular reflection parameters and use as a
wind tunnel balance for measurement of Magnus forces and
aerodynamics of various body shapes.

*Univ. of Virginia, Director, Ordnance Res, Lab.,
Charlottesville, Va. 22901

9  *Tournier, M.; *Laurenceau, P.; and *Dubois, G.: La
Suspension Magnetique O.N.E.R.A. Paper presented at the
First International Symposium on Rarefied Gas Dynamics,
Nice, France, 2—6 July 1958, International Series on
Aeronautical Sciences and Space Flight, Division IX:
Symposia, Vol. 3, Rarefied Gas Dynamics, pp. 80—99.
Pergamon Press, 1960. {In French).

N80-71561# (In English)

Electromagnets are situated outside the flow, avoiding
disturbances in the flow and heat losses due to support
materials. It is being used with success for the measurement
of drag of tapered bodies. A brief description of the existing
installations is given. Some results are presented which were
obtained in small wind tunnels with speeds up to M of 3.75
and 5.4 and RN from 130,000 to 500,000.

*ONERA (Office National d’'Etudes et de Recherches
Acrospatiales) 92320 Chétillon, France

10  *Rebuffet, Pierre: Effets de supports sur I’'ecoulement
a l'arriere d'un corps. (Effect of Supports on the Flow at the
Rear of a Body.) AGARD Rep. no. 302, Presented at
AGARD Wind Tunnel Tests and Models Working Group,

March 1959, 31 pp. {In French, English summary).

N80-71569#
With a view to determining the effects of supports on
models with a flat base, two cases are examined in a
supersonic flow with a turbulent boundary layer. The first
concerns the effect of various obstacles situated upstream of
the two-dimensional base, at Mach 2. The second relates to a
body of revolution passing through the throat of the jet from
upstream to downstream. The interference of obstacles
simulating supporting masts is examined for the base, both
bare and with a sting, at Mach 1.94. Without any support, the
drag of a conical-cylindrical body of revolution was measured
by means of the ONERA magnetic suspension. The
interference of various stings was studied at Mach 2.4, with a
laminar . boundary layer and with a separated turbulent
boundary layer. The mechanism of the interference of a
sting, progressively approached axially to the base, was
determined.

*Directeur Scientifigue Adjoint de {’Aerodynamique a’
I'O.N.E.R.A. 92320 Chétillon, France

11 *Jenkins, A. W.; and *Parker, Hermon, M.
Electromagnetic Support Arrangement With
Three-Dimensional Control. Part |, Theoretical. Journal of
Applied Physics, Supplement to vol. 30, no. 4, April 1959,
pp. 2385—2418S.

AD-207140

The original electromagnetic support developed in the
late 1930Q's is a one-dimensional system. Servoed control is
obtained in one direction and only inherent stability due to
the field shape is obtained in the lateral directions. in this
paper the more general problem of a three-dimensionally
controlled support is treated theoretically. By virtue of
making certain assumptions which seem reasonably close to
practical feasibility, two basic three-dimensional support
schemes have been devised in which ideally the three
mutually perpendicular forces are uncoupled. The two
arrangements are described and the theory is applied to
predict support performance and to predict the amount of
coupling to be expected due to deviations from the ideal
system.

*QOrdnance Research Lab., Univ. of Va., Charlottesvilie, Va.
22901

Contract No. NONR-474(04)

12 . *Fosgue, Hugh S.; and *Miller, Glenn:
Electromagnetic Support Arrangement With
Three-Dimensional Control. Part |1, Experimental. Journal of
Applied Physics, Supplement to vol. 30, no. 4, April 1959,
pp. 240S—2418.

The first gradient coil configuration described in Part | of
this paper has been constructed. In this system the axis of
one pair of gradient coils is parallel to the magnetizing field.
The details of the mechanical, magnetic, optical, and
electronic aspects of this implementation are presented and
discussed.



*QOrdnance Research Lab., Univ. of Va., Charlottesville, Va.
22901
Contract No. NONR-474(04)

13 *Mirande, J.: Mesure de la Resistance d’un Corps de
Revolution a My = 2, 4, au Moyen de la Suspension
Magnétique O.N.E.R.A. (Measurement of the Drag of a Body
of Revolution at Mg = 2, 4, using the O.N.E.R.A. Magnetic
Suspension.) Breve Information, La Recherche Aéronautique,
No. 70, May—June 1959, pp. 24—25. (In French).

The drag and base pressure of a cone-cylinder are
measured at supersonic speed using a magnetic suspension
and balance system. {The information contained in this note
is also included in AGARD Rept. no. 302 which is item no.
10 in this bibliography.)

*ONERA, 92320 Chatilion, France

14 *Matheson, L.. R.: Some Considerations for Design and
Utilization of Magnetic Suspension. General Electric Co.
Aerodynamics Fundamental Memo No. 84. May 1959, 10 pp.

NB0-71562#
The use of magnetic force to support aerodynamic
models in a wind tunnel is within the realm of practical
possibilities. The techniques to accomplish this are all known
in the present state of the art. The models to be tested using
this support will be relatively inexpensive since they can be
fabricated from solid bars of low carbon iron, The use of this
system is particularly well suited to relatively long, slender
shapes. Data obtained will include drag forces, normal forces
and pitching moments. In view of the loads on the supporting
coils, it appears desirable to introduce angles of attack in the
horizontal direction. This will provide greater accuracy in
measuring pitching {yaw) moments.

*General Electric Company, U.S.A.

15 *Tilton, Lee; and *SchWartz, Stuart: Static Tests on
the Magnetic Suspension System. MIT, Naval Supersonic Lab,
AR Memo 399, July 20, 1959, 18 pp.
—_— N80-71556%

As a thesis project by Chrisinger, a magnetic suspension
system for the NSL Hypersonic Wind Tunnel was designed
and fabricated. The three magnet units (suspension and

lateral units, drag solenoid) have now been statically tested:

and the resuits are presented in this memo. The units were
tested independently, no attempt has yet been made to study
the interactions caused by the three units in simultaneous
operation. The model used in the tests was a cylindrical

Alnico permanent magnet six inches in length and one half .

inch in diameter.

*M.L.T., Naval Supersonic Lab., Cambridge, Mass. 02139

16 *Tilton, Edward Lee, 111: Design, Construction and

Testing of an Automatic Control System for a Wind Tunnel

Magnetic Suspension System, M.|.T. Thesis for B.S. degree,
May 21, 1960, 49 pp. (Available from MIT).

N80-71856%

A discussion of the basic methods of controlling a modet

in magnetic suspension is presented. A detailed discussion is

given on the analysis and design of an integral control system

for the longitudinal degree of freedom of the model.

6

Construction of the system is carried out and the results of
the experimental verification of the system’s performance are
given.

*M.1.T., graduate student

17 *Baron, Larry A.: The Design and Construction of an
Automatic Control System for a Wind-Tunnel Magnetic
Suspension System. MIT Thesis for B.S. degree, June, 1960.
{Available from M.I.T.). )
N80-71557#
The design approach and analysis of an automatic control
system for a wind-tunnel magnetic suspension system is
presented. The interpretation of the physical situation and its
mathematical expression is discussed. The analytical design of
the control system is developed in a step by step procedure,
as is the physical realization of the analytical parameters
involved. An attempt is made to give a physical explanation
leading to the form of the control system, as well as for many
of the analytical and graphical techniques involved in linear
system design.

*M.|.T., graduate student

18  *Dubois, George; and *Rougé, Charles: Sur une
Methode de Mesure de la Pression de Culot-Mesure et
Visualisation sur une Maquette Cylindro-Conique Suspendue
Magnétiquement a Mg = 7.6. La Recherche Aéronautique,
No. 79, pp. 36—44, Nov.—Dec. 1960. (In French).

N8O-71567# (In French)

English translation by **R. N. Zapata, On a Method for
Measuring the Base Pressure: Measurement and Visualization
on a Cone Cylinder Magnetically Suspended at My = 7.6.
Rep. AFQOSR-1020; AST-4443-102-61U, May 1961, 38 pp.

NB80-71541# (In English)

The present paper is concerned with a method for
measuring the base pressure of an axially symmetrical body.
This method avoids material supports through the use of the
0O.N.E.R.A. magnetic suspension for keeping the model on
the axis of the stream at the test section., Thus, the base
pressure is measured, with no interactions, by means of an
optical manometer located inside the model. At the same
time, the flow can be visualized by a schlieren system. This
paper specifies the conditions required for the applicability
of the method, analyzes the precision of the measurements,
discusses the results obtained with and without sting, and
compares them to those previously obtained at lower Mach
numbers.

* ONERA, 92320 Chatillon, France )
** Univ. of Virginia, Charlottesville, Va. 22901

19 *Beaussier, Jacgues: Telemesure Pour Maquette
Suspendue Magnetiquement en Soufflerie. (Telemetry for a
Model Magnetically Suspended in a Wind Tunnel). La
Recherche Aéronautique, May—June 1961, no. 82, p. 49. {In
French). k

This brief note discusses the use of high frequency
telemetry in recording pressures on a model magnetically
suspended in a wind tunnel.

*0O.NL.E.R.A., 92320 Chétilion, France



20  *Gilpin, B. J.; *Moss, F. E.; *Nieman, D. F.; and
*Oshorne, W. F., Jr.: A Survey of the Literature Relating to
Electromagnetic Suspension Systems. Univ. of Virginia Rep.
no. EMI-4441-105A-61U, May 1961, 67 pp.

N67-852744#

The material is grouped under five headings: (1)
MAGNETIC SYSTEMS (INCLUDING EDDY CURRENT
AND CRYOGENICS), pp. 3—17; {2} TOPICS RELATED TO
MAGNETIC SYSTEMS, pp. 18—46; (3) ELECTROSTATIC
SYSTEMS, p. 47; (4) TOPICS RELATED TO
ELECTROSTATIC SYSTEMS, pp. 48-55; and (5)
SUBJECTS RELATED TO OTHER ASPECTS OF THE
ENTIRE PROGRAM, pp. 56—67.

*Univ. of Virginia, Charlottesville, Va. 22901
Contract No. AF 33(616)-7864

21 *Dubois, Georges: Trainees de Maquettes de Soufflerie
Comportant des Ogives de Formes Variees en Suspension
Magnetique. {Drag of Wind Tunnel Models of Various Ogival
Forms Suspended Magnetically.) L.a Recherche Aéronautique
no. 87, March—April 1962, pp. 47—54. {In French.)

This paper is concerned with the experimental
determination of minimum drag of ogives at supersonic and
hypersonic speeds using the ONERA magnetic suspension.
Two families of models are tested, (1) ogives with a profile
NP, and {2} AGARD B, of which the ogives were blunted
according to a given law. The results obtained with the first
family were comparable to those calculated by the
approximation of Cole and Newton; also to the tests done by
Kubota. The work was done at ONERA in a small hypersonic
wind tunnel. The magnetic suspension allowed precise drag
measurements of the bodies of revolution. Magnetic
suspension permits such measurements of Cy at these higher
Mach numbers (M = 3.76 and 6.3) with a greater range of
Reynolds numbers; and simultaneous measurement of base
pressure by telemetry, an indispensable measurement for a
complete analysis of the tests.

*ONERA, Chief Engineer of the Research Group, 92320
Chétillon, France

22 *Parker, H. M.; *May, J. E.; and *Nurre, G. S.: An
Electromagnetic Suspension System for the Measurement of
Aerodynamic Characteristics. Rep. Nos. AFOSR-2294;
AST-4443-106-62U, 40 pp., March 1962.

N62-10806#

The design concepts are presented for a free
electromagnetic suspension system functioning as force
balance vyielding simultaneous and independent
measurements of force in three mutually perpendicular

directions. The system is adapted to function as a wind’

tunnel balance which requires no physical attachment to the
model under study. The concepts have been reduced to
practice in a first-generation balance which is to be applied to
the study of low-density sphere drags as first demonstration
of the unique capabilities of this balance system. The first
model also is intended to serve as a test device to provide
design information for a second-generation balance for the
study of dynamic stability. The apparatus is described in

detail and calibration procedures and future applications are
discussed.

*Univ. of Virginia, Charlottesville, Va. 22901
Contract No. AF 49(638)-1022.

23 *LaGraff, John Erwin: Some Calibrations and
Measurements on Models Magnetically Suspended in a
Hypersonic Tunnel. MIT, B.S. Thesis, May 1962, 36 pp.
(Available from MIT). N80-70406#

A study was made of model configurations, calibration,
and testing of a magnetic suspension system for a M =4.8
wind tunnel. Some tests were conducted and the results
compared to theoretical results. Various afterbody shapes
were tested.

*MIT, graduate student

24 *Clemens, P. L.. Radio Telemetry of Stagnation
Pressure from a Wind Tunnel Model Magnetically Supported
in Supersonic Flow. Rep. no. AEDC-TDR-62-141, July 1962,
25 pp. Presented at the AIEE Summer General Meeting,
Denver, Colo., June 18-22, 1962.
N62-13831
During a set of aerodynamic tests in a Mach number 2.4
wind tunnei, it was proven feasible to telemeter stagnation
pressure measurements from within a magnetically
suspended, ferromagnetic model. State-of-the-art, f-m radio
telemetry, developed for hypervelocity range use, was
employed. Although data at the outset of each of three trials
reflect errors of less than three percent, inordinate frequency
vs temperature interactions introduced intolerable shifts in
telemeter center frequency as testing progressed. Several
methods may be used to reduce these interactions.
Magnetogasdynamic effects arising from the use of the
magnetic model suspension technique are discussed in an
appendix, and are shown to be negligible in most wind tunnel
testing. (Tests made in the ONERA tunnel).

*yon Karman Gas Dynamics Facility, ARQO, Inc., Arnold Air
Force Station, Tenn. 37389

Contract No. AF 40{600)-1000

25 *Lawton, Michael Phelps: Design and Calibration of a
Finned Model Magnetically Suspended in a Hypersonic
Tunnel. MIT Thesis for B.S., June 1962, 47 pp.

{(Available from MIT). N80-70421#

The problem of roll stability in a five-degree of-freedom
magnetic suspension system in a hypersonic wind tunnel is
investigated. A finned model provides torsional stiffness and
eddy-current damping. Calibration and prediction of wind
tunnel performance are included.

*MIT, graduate student

26 *Tilton, Edward Lee, 1H; *Parkin, William J.; *Covert,
Eugene E.; *Coffin, James B.; and *Chrisinger, John E.: The
Design and Initial Operation of a Magnetic Model Suspension
and Force Measurement System. Rep. No. MIT-TR-22, Aug.
1962. ARL-63-16, Jan. 1963. Covers period Feb. 1960—May

1962. N63-16372#

The design, construction and proof tests of a magnetic
mode! suspension system capable of use in a M = 4.8 wind

7



tunnel is described. The results indicate that the model can
be suspended magnetically during the wind tunnel starting
conditions, that the model can be angulated and lift and drag
forces measured with the model at angle of attack.

*MIT, Cambridge, Mass. 02139
Contract No. AF 33(616)7023.

27 *Tilton, E. L.: Dynamic Stability Testing With a Wind
Tunnel Magnetic Model Suspension System. MIT, M.S.
Thesis, Jan. 1963, 48 pp. (Available from MIT).
N80-70419#
An investigation of the possibilities of using a wind
tunne!l magnetic balance system to measure longitudinal
dynamic stability derivatives is presented. A discussion is
given on the design and setup of measuring equipment. The
results from a wind tunnel experiment are given and the data
which was obtained is analyzed.

*MIT, graduate student

28  *Clemens, P. L.; and *Cortner, A. H.: Bibliography:
The Magnetic Suspension of Wind Tunnel Models. Rep. no.
AEDC-TDR-63-20; Feb. 1963.
N63-12750#
This is a selective bibliography of the literature on the
magnetic suspension of wind tunnel models including a
chronological arrangement of titles and abstracts under four
main headings: Magnetic Suspension for Aerodynamic
Testing, Non-Aerodynamic Applications of Magnetic
Suspension, Magnetic Circuits and Their Electronic Controls,
Telemetry from Magnetically Supported Aerodynamic
Models. An introduction presents a resume of the
state-of-the-art of magnetic model suspension technology.

*yon Karman Gas Dynamics Facility, ARO, Inc., Arnold Air
Force Station, Tenn. 37389.

Contract No. AF 40(600)-1000

290  *Chrisinger, J, E.; *Tilton, £, L., l1l; *Parkin, W. J.;
*Coffin, J. B.; and *Covert, E. E.: Magnetic Suspension and
Balance System for Wind Tunnel Application. Journa! of the
Royal Aeronautical Society {London), vol. 67, no. 635, Nov.

1963, pp. 717-724.
1963, pp. 717724 AB4-11303

In this article a magnetic suspension and balance system
suitable for wind tunnel application is discussed. General
considerations are presented that illustrate the nature of the
problems to be solved as well as one solution of these
problems, Finally some initial wind tunnel data are
presented.

*MIT, Cambridge, Mass. 02139

30 *Covert, Eugene E.; and *Tilton, Edward Lee, i1
Recent Advances in the Development of a Magnetic
Suspension and Balance System for Wind Tunnels. (Part 1)
Interim Tech. Rep., Aug. 1961—Aug. 1962. Rep. No.
ARL-63-235, Dec. 1963, 31 pp.
AD-437265 N64-24384
This report presents a discussion of the studies related to
the development of a magnetic model suspension system. It
includes a description of an initial calibration procedure and
a procedure for controlting the roll degree of freedom of the
model, Particular attention is given to the discussion of low

8

density, high temperature limits of the system. A discussion
of schlieren optical systems is also presented.

*MIT, Cambridge, Mass. 02139
Contract No. AF 33(616)-7023

For Part 11 of this series, see no. 33 of this-bibliography, Part
11, no. 42, and Part 1V, no. 67.

31 *Covert, Eugene E.; and *Tilton, Edward Lee, 1l1:
Further Evaluation of a Magnetic Suspension and Balance
System for Application to Wind Tunnels. Rep. no.
ARL-63-226, Dec. 1963, 73 pp.

AD-427 810 N64-14659

The application of a magnetic suspension and balance
system to static and dynamic wind tunnel testing is discussed.
The equipment and experiments are described and an analysis
of the performance of the system is given.

*MIT, Cambridge, Mass. 02139
Contract No. AF 33(616)-7023

32 *Parker, H. M.; and *Kuhlthau, A. R.: A Magnetic
Wind Tunnel Balance. Rep. no. AFO0OSR-64-0567;
AST-3420-105-64U; Feb. 1964. 19 pp.
AD-434844 N64-18916
A preliminary model of a 3-D wind tunnel balance, which
has been constructed and operated in low speed continuum
flow for the purpose of demonstrating the feasibitity of the
approach, is described in this report.

*Univ. of Virginia, Charlottesville, Va. 22901
Grant No. AFOSR 62-92

33 *Covert, Eugene E.; *Copeland, Alan B.; *Stephens,
Timothy; and *Tilton, Edward Lee, {11: Recent Advances in
the Development of a Magnetic Suspension and Balance
System for Wind Tunnels. (Part 11). Covers period Aug.
1962~Aug. 1963. Rep. No. ARL-64-36, March 1964, 37 pp.
N64-20446
This report presents a discussion of the recent
development work on a magnetic model suspension and
balance system. System equipment . additions and
modifications are described. A summary of calibration
procedures and wind tunne! tests is given. Studies on
methods of roll control, magnetic field distribution, and a
new digital model position indicator are discussed.

*MIT, Cambridge, Mass. 02139
Contract No, AF 33(616)-7023

For Part | of this series see no. 30 in this bibliography, Part
111, no. 42, and Part IV, no. 67.

34 *Hensel, Rudolph W.: Recent Developments in
Wind-Tunnel Testing Techniques at Transonic and Supersonic
Speeds. Journal of Spacecraft and Rockets, vol. 1, no. B,

Sept.—Oct. 1964, pp. 449—483. This journal article consists
of pp. 47—-52 from the proceedings of the AIAA
Aerodynamic Testing Conference, Washington, D.C., March
10, 1964, and published as AEDC-TR-65-75, AD-465023,
June 1965, 86 pp. (The conference volume is available to
U.S. Gov't Agencies and their Contractors Only)




AD-465023 .
Entire

Conference

or
AB4-14530

AB4-26570F

X65-1 7570}

(Journal
Article)

These pages consist of a discussion of basic principles,
measurements, and limitations of magnetic suspension and
balance systems.

*ABO, Inc., Arnold Air Force Station, Tenn. 37389
Contract No. AF 40(600)-1000

35 *Stephens, Timothy: Determination of Nonlinear
Aerodynamic Damping Effects With a Wind Tunne! Model
Suspension System. MIT, M.S. Thesis, June 1964, 50 pp.
(Available from MIT). N8O-704124

A technique is developed to describe the dynamic
behavior of a flight vehicle. The forces experienced by a body
are characterized by general nonlinear functions of the
kinematics of the body, referred to wind tunnel axes. A
statistical method for measuring the parameters in these
nonlinear functions, using a wind tunnel magnetic balance
system, is developed. The experimental procedure using a
particular magnetic balance system is described and data is
analyzed.

*MIT, graduate student
Contract No. AF 33(615)-1470

36 *Dukes, T. A.; and *Zapata, R. N.: An
Electromagnetic Suspension System for Spherical Models in a
Hypersonic Wind Tunnel. Princeton Univ. Rep. 682, July
1964, 83 pp.

AD-605846 NB5-14569#

The design and operation of an electromagnetic balance
for suspending spherical models in a hypersonic wind tunnel
is described. An orthogonal force system, together with
compensated optical sensors in three stabilizing automatic
feedback loops, provides inherently uncoupled control in
three degrees of freedom. The major parts of the report
contain the designs of the electromagnetic coil configuration
and of the feedback loops.

*Princeton Univ., Princeton, N.J. 08540
Contract No. Nonr-1858(37)
37 *Dukes, Theodor A.; and *Zapata, Ricardo N.: A Wind
Tunnel Magnetic Suspension With Minimum Coupling
Effects. Presented as Paper no. 13 at the 1st International
Congress on |Instrumentation in Aerospace Simulation
Facilities, Paris, France, Sept. 1964, pp. 13—1 to 13—16.
This paper is also in IEEE Transactions on Aerospace and
Electronic Systems, vol. AES-1, no. 1, Aug. 1965, pp.
20--28.
N65-13935

or Sept. 1964
AB4-281 17!

In a multidegree-of-freedom suspension system coupling
effects are undesirable because they make the calibration
difficult and they can cause deterioration of the dynamic
stability of the system. This paper presents an analysis of the
coupling preblem leading to the design of a particuiar system
configuration. The support of spherical models by means of a
three-degree-of-freedom magnetic suspension system is
analyzed in terms of the forces acting on a magnetized point.
It is shown that long axisymmetrical bodies can also be

AB5-35219 Aug. 1965

supported by the same system, This is made possible by
decoupling the angular and the translational degrees of
freedom. The magnetic suspension system capable of
supporting models in M = 16 flow is described.

*Princeton Univ., Princeton, N.J. 08540
Contract No. Nonr-1858(37)

38 *Geary, P. J.: Magnetic and Electric Suspensions. A

Survey of Their Design, Contraction, and Use. British
Scientific Instrument Research Association—A Survey of
Instrument Parts, No. 6, 1964. SIRA Research Rep. R-314,
162 pp. , QC753.64

This survey, carried out by the British Scientific
Instrument Research Association, reviews methods of
supporting and levitating solid members (such as rotors) and
molten metals in magnetic and electric fields. An attempt was
made to assemble all relevant material published in
periodicals, books, and reports which is likely to be of use to
designers and constructors of instruments and precision
apparatus, but systematic searches for patents in the subject
have only been undertaken selectively.

* Geary, P. J., M. Sc. {Eng.), British Scientific Instrument
Research Association, South Hill, Chislehurst, Kent, England

39 *Vas, lrwin E.; *Murman, Earll M.; and *Bogdonoff,
Seymour M:: Studies of the Wakes of Support-Free Spheres

at M = 16 in Helium. AlAA Journal, vol. 3, no. 7, July 1965,
pp. 1237—1244. Presented at the AIAA 2nd Aerospace

Sciences Meeting, New York, N.Y., Jan. 25—-27, 1965.

AlAA Paper 65-51 AB5-28207#

or
ABB-14802#

A detailed investigation of the flow field behind spheres
magnetically suspended in a Mach 16 helium stream has.been
initiated. Pitot pressure and constant-c''rrent hot-wire
measurements have been employed to investigate a region
from 1 to 50 body diameters downstream of two sphere
diameters, 0.75 and 0.375 in., and several body Reynolds
numbers from 45,400 to 109,000. Previous data reported in
the literature indicated that transition to turbulence should
occur within the region of investigation, but hot-wire voitage
measurements lead to the conclusion that the wake is
probably laminar. Detailed radial and axial pitot pressure
distributions are presented and compared with
two-dimensional cylinder data at the same Mach number,
ballistic-range data, and two theories. The measured rms
hot-wire fluctuation voltage was constant at a very {ow value
along the wake axis but showed peaks at the wake edge.

*Princeton Univ., Princeton, N.J, 08540
Contract Nos. Nonr-1858(37); and AF 33(615)-1079

40 *Copeland, Alan B.; and *Tilton, Edward Lee, I11: The
Design of Magnetic Models for Use in a Magnetic Suspension
and Balance System for Wind Tunnels. Rep. no. ARL-65-113,
June 19665,
AD-619271 N65-34865#
This report discusses the design of the magnetic-portion
or core of a model for use in a magnetic suspension system
for wind tunnels. The calculation of the forces obtainable
with a given suspension system and model, and the
optimization of model core geometry and material are
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