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The Force ?latform Group of the ISB
The Group first formed in 1973 at the Fourth International Seminar
on Biomechanics at the Pennsylvania State University, U.S.A. with an ad
hoc committee of Peter Cavanagh (U.S.A.) and Don Grieve (England) ..
: Howard Payne (England) bécame ‘catalogue editor' and produced two editions
of "A catalogue of force platforms used in bibmechanics' research" .
At. the 1977 Sixth Internati‘onal Congress of Biomechanics at the ‘
Augu_st Krogh Institute ,‘ Copenhagen, Denmark, the Group;re—formed itself,
and elected Howard Payne as chairéelﬁson with Barry Wil’sén as séc;etary.- A
.A biannual _newéle,tter is produced by the Group and is sent to all |
membérs , .\Nh.O are asked to pay a US $5 subscription to cover the co‘st‘s of
producing and mailing the newsletter.
The biannual newsletter was ini_tiated with the following objectives:
(a) - To provide a bibliograéhic service to Group mémbers on
a régular basis. |
(b) ‘To publish original articles on topics relafed to fofce ..
fneas.urement in human biomechbanics .
(c) = To provide a forum for questiqns and answers on related
subjects. |
In this 'M.essage’ iﬁ the Newsletter No. l‘the Chairperéon urged:
"Firstly, please let the editof of the newsletter have any ideas that you might
geﬁerate cbncernind material to bé included in future editions . The newsletter
is a far stroﬁger means of commimication than one meéting of the Group every
two years, and in such a small group, we shall need input from almost every
member. Secondly, if you are aware of force platform users who are not members
of our group, please encourage them to get in touch with us so that we can

+r n

benefit from their input.



-4 -

Editor's Note

In response to a number of .enquiries a iist of persons who receive
the Force Platform Newsletter is printed in this Newsletter.. Financial
membership stands at 92 members as of June 1979.

Back issues (Xerox copies) of the NeWsletters 1-7 are available at
a cost of $2.00 per issue. Aifmail delivery from Australia isv an additiqnal
$2.00 per order (Delivery time would be approximately 1 month from receipt
of order) . |

A number of letters have been received. Details of these‘ aré included
in the "Aciditions to the Frorce Platform Register" and in the "Additions to the |
Bibliography" . ‘ However, more contributions to the Newsletter are invited.

Studies submitted for pﬁblicatién in the Newsletter should be
submitted in a form suitable for publication in English with'a maximum of
8 bages typed double space and art work as black on White line drawings
or photdgraphic prints of black on white drawings of 3%" x 5" size.

Details concerning (1) the problem, -(2) the platform, (3) the
peripherals, and (4) how the platform can aid in solving the problem, would
be appropriate for submission.. Editorial changes will be minimal and
should not require correspondence between the author and editor befere
publiéation. Papers should be submitted to‘the Newsletter editor by
December 1 and June 1 for the January and July Newsletters respectively.

Finally, to those persons who have contributed to this Newsletter,

thank you.

Barry D. Wilson.
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ADDITIONS TO THE FORCE PLATFORM REGISTER

Mr. Y. Ehara,

The Kanagawa Rehabilitation Center,
Nanasawa 516 ATSUGI CITY,
Kanagawa 243-01

JAPAN,

SHINKOH (Made in Japan) 600mm x 600mm. X, Y, Z and C. of P. outputs
Strain gauges, ,

AD converter, PDP-12, XY plotter.

Video X-Y trackers for 3D Analysis.

Gait analysis for rehabilitation.

Dr. M. Gagnon,

Department D'Education Physique,

- Cepsum 2100 Blvd Edouard Montpetit,
Universite de Montreal, Montreal ,
Quebec,

CANADA.

Own design, force and bending moment
~ Strain gauges.

Honeywell 2208 A Visicorder.
Cine camera (Locam)

Sport skills (Hockey) .

Dr. R.J. Gregor,
Biomechanics Laboratory,
Department of Kinesiology,
University of California,
Los Angeles, CA. 90024
U.S.A. '

Kistler, 200mm x 400mm.
6 channel, F_., F ,F ,a ,a , M.
X'y Tzt Tk Ty

b4
F.M. Tape, Grass Chart recorder.

Cine cameras, E.M.G.

Sport Medicine and Technique analysis.




Mr. R.N. Marshall,

. School of Physical Education,
 University of Otago,
Dunedin,

NEW ZEALAND.

Own design, 610mm x 610mm.
Strain gauge, Kyowa DPM 110-A, Strain Amplifiers.

UV Recorder.
Cine cameras.

Gait analysis.

Dr. E. Michaut and F. Pelisse,

Centre d'etudes et de Recherches pour 1'Appareillage
et la Biomecanique de 1'Appareil Locomoteur,

Cereval, :

2, rue du Parc,

94460 Valenton,

FRANCE.

CEREVAL (Own design) 300mm x 8.00mm, 2 of 300mm ';x: 1700mm.
Strain gauges.

Nova 3 Computer, printer and plotter.
Transducers on prosthesis and on crutches.

Gait analysis of normal and pathological subjects.

Dr. B.D. Wilson, ,
Department of Human Movement Studies,
“University of Queensland,

St. Lucia,

Brisbane,

AUSTRALIA 4069.

Kistler 6 channel
PDP 11/34, HP graphics and printer, F.M. tape
E.M.G., cinematography, POLGON.

Gait analysis, Quantification of sensori-mctor deficit, Sport Biomechanics.
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ADDITIONS TO THE BIBLIOGRAPHY

Ehara, Y., Nomura, S., and Beppu, M. Development of the automatic
gait measurement system. Proceedings of International Society for

Prosthetics and Cthotics 1977 World Congress, New York.

Gagnon, M., and Rodrigue, D. Assessment of smoothing and differentiation
methods for the determinétion of acceleration from film data.

‘Canadian J. of Applied Sport Sciences 3; 223-229, 1978.

Garheimer, J., and Gregor, R.J. Force plate evaluations of weightlifting
and vertical jumping. Abstract. Medi.cin'e and Science in Sports 11;

106, 1979.

Halliwell, A.A., and Rhodes, E.C. Forces at the knee during an ice hockey

skating thrust. Abstract. Medicine and Science in Sports 11; 80, 1979.

Kaneko, M., Ito, A. and Toyooka, J. Mechanical work and efficiency of
running in place. Abstract. Mediciné and Science in Sports 11;

85, 1979,

Kinolik, Z., Garhammer, 7J. and'Grégor, R.J. Kinetic and kinematic factors

involved in front aerial somersaults. Abstract. Medicine and Science

in Sports 11; 105, 1979.

Mason, B.R., Bates, B.T., James, S.L., and Osternig, L.R. Ground reaction
forces during running. Abstract. Medicine and Science in Sports 11;

86, 1979.

Nissinen, M., and Miller, D.I. Kinematic and kinetic analysis of the support

phase of a running forward somersault. Abstract. Medicine and Science

in Sports 11; 85, 1979.



NEW SLETTER. SUBSCRIPTION LIST

Dr. Marlene Adrian,

Co-ordinator, Biomechanics Program,

Department of Physical Education -
for Women,

Washington State University,

Pullman,. '

Washington, 99163,

U.S.A.

Dr. Gideon Ariel,

316 College Street;
Amherst,
Massachusetts. 01002,
U.S.A. '

Dr. J. Barany,

Industrial Engineering School,
Purdue University,

Lafayette,

Indiana. 47907,

U.S.A.

Barry T. Bates,

Department of Physical Education,
University of Gregon,

Eugene,

Oregon. 97403,

U.S.A.

B.W, Bergemann,
Department of Physical Education,
Washington State University,
Pullman, ‘
" Washington, 99164,

U.S.A. -

Professor Dr. Friedrich Brussatis,

Orthopadische Klinik u. Poliklinik der

J. Gutenberg Universitat,
Langenbeckstr. 1,
6500 Mainz, ~
Republic Federal Germany.

Dr. Peter Cavanagh ,

Biomechanics Laboratory,

The Pennsylvania State University,
University Park,

Pa. 16802,

U.S.A.

Dr. T.P. Andriacchi,
Department of Orthopaedic Surgery,
Rush-Presbyterian - St. Luke's

, Medical Centre,
1753 West Congress Parkway,
Chicago, 60612,
U.S.A.

Dr. John Atha,

Department of Human Sciences,
University of Loughborough,
Leicestershire LE11l 3TU,
England. '

* Jerry N. Barham,

Department H.P.E.R.,
University of N. Colorado,
Greeley,’

Colorado, 80639,

U.S.A.

Juerg U. Bauman, }
Neuro-Orthopedic Unit,

Gait Laboratory,
Kinderspital,
- CH 4005 Basel,

Switzerland.

W. Bévan, :
Biomechanical R & D Unit,
Department of Health and Social

Security,
Rockhampton,
London SW15 5PR,
England.

Mr. Carmelo Bosco, _
Laboratory of Kinesiology,
SF 40100 Jyvaskyla 10,
Finland.

Dr. Arthur E. Chapman,
Department of Kinesiology,
Simon Fraser University,
Burnaby 2,

British Columbia, V5A 186,

Canada.

Cont./...



Roger Claeys,

Gent State University,
Watersportlaan 2,

B 9000 Gent,

Belgium.

-K.K. Codix,

“Attn. Mr. H.R. Egloff,
2nd Floor Takeshiba Bldg.,
1-9-15, Kaigan,
Minato-Ku,

Tokyo, 105,

Japan.

Professor John M. Cooper,

Biomechanics Laboratory,

School of Health, Physical Educatlon ’
and Recreation,

Indiana University,

Bloomington,

Indiana 47401,

U.S.A.

Dr. K. DeHaven,

UnlverSIty of Rochester Medical
Centre,

601 Elmwood Avenue,

Box 665,

Rochester, -

New York,

U.S.A.

14642,

Myr. M. Dhanendran,
Polytech of Central London,
Department of Engineering,
115 New Cavendish Street,
London W1,

England.

Yoshi Ehara,
Nanasawa 516,
Atsugi-shi,
Kanagawa 243-01,
Japan.

Dr. Banri Endo,

Department of Anthropology,
Faculty of Science,
University cf Tokyo,

Hongo 7 Ch. 3-1 Bunkyo Ku,
~Tokyo,

Japan.

Dr. Jan P. Clarys,

Instituut voor Morfologie,

Vrye Universiteit Brussel,
Eversstraat Z,

B - 1000 Brussels,
Belgium.

Professor Alain Connan,

Unite de recherche en Biomecanique,
Department de la Recherche de 1'Enseps.
11 ave. du. Tremblay,

75012 Paris,

France.

Prof. E.N. Corlett,

Dept. of Engineering Production,
University of Birmingham,
Birmingham, B15 2 TT,

-England.

Professor D. Cunningham,
Mechanical Engineering Department,
University of California,

Berkeley,

California,

U.S.A.

- Dr. L. Delhez,

Faculte de Medecine,

Universite de Liege,

Laboratoire d'Analyse des Mouvements.
4 Quai de Barbon,

14020 Liege,
Belgium.

Dr. Patricia Downie,
54 Prospect,
Northampton,
Massachusetts 01060,
U.S.A.

Dr. J. Ellis,

Biomechanics Department

California College of Podlatrlc Medicine
1770 Eddy Street,

San Francisco,

Ca. 94120,

U.S.A.

Professor Dr. Kazimierz Fidelus,

Akademia Wychowania Fizycznego,
Instytut Nauk Biologicznych,

"~ ul. Marymoncka 34,

Warszawa,
Poland.

Cont./...
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Ms. V. Fortney,

105 White Building,
Pennsylvania State University,
University Park,

Pa. 16802,

U.S.A,

Dr. Micheline Gagnon,
Department d'Education Physique,
Universite de Montreal,
C.E.P.S.U.M.,

2100 Blvd. Edouard Montpetit,
Montreal,

P. Quebec,

Canada.

Dr. Don W, Grieve,

Royal Free Hospital Medical School,
8 Hunter Street,

London, W.C.1,

England.

H. Gros,

Faculty of Physical Education,
The University of Alberta, '
Edmonton,

Canada.

Cas.

Peter Francis, -

Department of Physical Educatlon
for Women, ,

Iowa State University,

Ames,

Iowa 50100,

U.S.A.

Herr Gustav H. Gautschi,
25 Oetlisbergst,

CH 8053 Zurich,
Switzerland.

R. Gregor,

Biomechanics Laboratory,

Department of Kinesiology,

University of California at Los Angeles,
Los Arngeles,

90024,

U.S.A,

Mr. John Hagy,

Shriners Hospital for Crippled Children,
1701 - 19th Avenue, ’

San Francisco,

California 94122,

 U.S.A.

Dr. James Hay,

Department of Physical Education,
University of Iowa,

Iowa City,

Iowa 52242,
U.S.A.

Professor Marilyn Hinson,

College of Health, Physmal Education
and Recreation,

Texas Women's University,

Box 23717,

Denton,

Texas 76204,

U.S.A.

E.C. Jansen,

B iomechanical Laboratory,

Department of Orthopaedic Surgery T.,
Gentofte Hospital,

DK-2900 Copenhagen/Hellerup,
Denmark.

Dr. R.K. Jensen,

Division of Physical Education,
Laurention University,

Sudbury Ontario,

Canada, P3E 2C6.

Dr. Charles E. Henning,
Orthopaedic Surgery and Fractures,
320 North Hillside,

Wichita, -

Kansas 67214,

U.S.A.

Ms. M. Jack,

P.O. Box 304,
Pullman,
Washington 99163,
U.S.A.

Professor H.A. Jansons,
Chief Lab. for Biomechanics,
Riga Research Institute,
Traumatology & Orthopaedics,
Duntes Street, 12/22,
Latvian SSR,

USSR.

Professor D.L. Kelley,
Biomechanics Laboratory,

. Department of Physical Education,

University of Maryland,
College Park,
Maryland 20742,

U.S.A. Con’;./...
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Dr. D. Kettlecamp,

Indiana University School of Medicine,
1100 W. Michigan Street,
Indianapolis, '

Indiana 46202,

U.S.A.

Dr. Ronald F. Kirby 110830,
Department of Physical Education,
South East Missouri State University,
Cape Girardeau,

Missouri, 63701,

U.S.A. '

Dr. Stephan Konz,

Department of Industrial Engineering,
Kansas State University, ‘
Manhatten,

Kansas 66506,

U.S.A.

Mario Lamontagne, .
5400 De Salaberry #106,
Montreal, :
Quebec,

Canada.

- H4J 1J6

R.F. Lochock, ,
Kristal Instrument Corp.,
2475 Grand Island Blvd.,
Grand Island, NY 14072,
U.S.A.

R.N. Marshall,

School of Physical Education,
University of Otago,
Dunedin,

New Zealand.

Dr. Thomas P. Martin,

Sport Sciences Department,
State University of New York,
Brockport,

New York 14420,

U.S.A.

T.M. MclLaughlin,

Biomechanics Research Laboratory,
Department H.P.E. & Rec.,

2129 Memorial Coliseum,

Auburn University,

_Auburn,
Al 36830.

H.B. Kingsbury,

Department of Mechanical Engineering,
Univ. of Delaware,

Newark,

De. 19711,

U.S.A.

B. Kolodziej,

Ars Polona-Ruch, -

Centrala Handlu Zagranicznego,
Warszawa, Krakowskie Prxedmiescle,
Skrytka Pocztowa 1001,

Poland.

Dr. Ellen Kreighbaum,

Department of Physical Education,
Montana State University,
Boseman,

Montana 59715,

U.S.A..

Larry Lamoreux esq, ,
Biomechanics Lab.,

Dept. of Mechanical Engineering,
University of California,
Berkeley CA 84618,

U.S.A. '

Ralph Mann,

202 Seaton Building,
University of Kentucky,
Lexington Ky 40506,
U.S.A.

E.B. Marsolais M.D., Ph.D.,

“Prosthetic Research,

Veterans Administration Hospital,
10701 East Boulevard,
Cleveland,

Ohic 44106,

U.S.A.

Mr. H'W. McCallum,

Anglian Regiconal Management Centre,
Danbury Park,

Danbury,

Essex,

England.

Dr. E. Michaut,

Ceraval,

. 2 Rue du Parc,

9440 Valenton,
France.

Cont./...
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Dr. Doris I. Miller,

" School of Physical Education,
Hutchinson Hall DX10,
University of Washington,
Seattle,

Washington 98195,

U.S.A.

Professor Mitsumasa Miyashita,
Laboratory for Exercise Physiology
: & Biomechanics, ’
Faculty of Education, .

University of Tokyo, -

Hongo, Bunkyo-ku,

Tokyo,

Japan.

Dr. Klaus Nichol,

Institut fur Sport und Sportwissenschaften,
Der Johann-Wolfgang-Goethe-Universitat,

6000 Frankfurt A.M,,
Ginnheimer Landstasse 39,
West Germany.

Dr. C. Njiokiktjien,
Honthorststraat 4,
Amsterdam,
-Holland.

Dr. Roland Ortengren,

Department of Orthopaedic Surgery 1,
University of Gbteborg,

Sahlgren Hospital,

S-413 45 Gbteborg,

Sweden.

M.G. Owen,

2290 Galloway Road, C-10,
Cornwells Hts. Pa 19020,
Pennsylvania,

U.S.A.

Mr. Howard Payne,

Physical Education Department,
University of Birmingham,
Birmingham B15 2TT, .
England. :

Allan Philpot, Esq.,
Saint Paul's College,
St. Georges Square,
Cheltenham,
Gloucestershire GLSO 477,
England.

Shaftesbury Hall,

M. Milner,

Ontario Crippled Children's Centre,
350 Rumsey Road, :

Toronto,
Ontario,
Canada.

M4G 1R8,

W. Munday,

Kistler Instruments Ltd.,
Whiteoaks, '
The Grove,

Hartley Wintney,
Hants.,

England.

Professor Benno M Nigg,
Laboratorium flr Biomechanik, ETH. ,
W einbergstr 28/100,

8006 Zurich,

Switzerland.

Dr.L. Noble,

Department of Health, Physical
Education and Recreation,

Kansas State University,

Manhattan,

Kansas 66506, .

U.S.A. :

Dr. J.C. Otis,

Biomechanics Department

The Hospital for Special Surgery,
535 East 70th Street,

New York NY 10021,

U.S.A.

Chief Executive,

Palmerston North Hospital Board,
Private Bag,

Palmerston North,

New Zealand.

P.J. Perkins,

Lasts and Shoe Engineering Department,

SATRA,

Satra House,
Rockingham Road,
Kettering, '
Northants NN16 9JH,

England.

Cont./...
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Maciej Piatkowski,

Osrodek Badawczo-Rozvojowy,
Przemyslu Sprzetu Sportowego,
1 Turystycznego "Polsport" ,
Ul. Konopacka 19,

03-428 Warszawa,

Poland.

D. Coleman Richardson,
6205 Pontiac St.,
Berwyn Hts.,

MD 20740,

U.S.A.

Marcella V. Ridenour,
1700 Meadow Road,
Southhampton,
Pennsylvania,
U.S.A.

18966,

Dr. K.W. Robson,
Rusden State College,
Blackburn Road,
Clayton, Vic.,
Australia.,

R.H. Rozendal,

Free University Amsterdam,
Department of Anatomy,
P.O. Box 7161,
Amsterdam,

Holland.

J.A. Seder,

Equine Biomechanics & Ex Phy51cal Inc.,

Box 376 R.D, 5,
Gatesville, PA 19320,
U.S.A.

Dr. G. Shierman,

Department Health, Physical Education
and Recreation,

151 West Brooks,

University of Oklahoma,

Norman,

Oklahoma

U.S.A.

73069,

Dr. Eric J. Sprigings,
‘College of P.E.,

University of Saskatchewan,
Saskatcon,

Canada. S7N OWO.,

Nancy L. Pike,
Biomechanics Laboratory,
Penn State University,
University Park,

Pa. 16802,

U.S.A.

Dr. Melvin R. Ramey,
Department of Civil Engineering,
University of California,

Davis,

California 95616,

U.S.A. ‘

Elizabeth M. & Thomas W. Roberts,
Department of P.E. & Dance,
Lathrop Hall,

University of Wisconsin,

1050 University Avenue,

Madison,

Wisconsin 53706,

U.S.A.

" Professor Benoit Roy,

Laboratoire des Sciences de 1'Activite
Physique,

Faculte des Sciences de 1'Education ,

Universite Laval,

Quebec - P.Q.,

G1lK 7P4,

Canada.

Walter Schroder,
Universitat Hamburg,
Institut fur Leibeslbungen,
Rothenbaumchaussee 80,
D 2000 Hamburg 13,

West Germany .

R.L. Spooner,

Penn State University,
Biomechanics Laboratory,
University Park,

Pa 16801,

U.S.A,

The Sports Documentation Cenire,
Main Library,

University of Blrmlngham,

P.O. Box 363,

Birmingham,

-Bl15 2TT,

England.

Cont./...
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Mr. A. Stacoff,

312 Field House,

Department of Physical Education,
The University of Iowa,

Iowa City 52240 IA,

U.S.A.

Dean Stern, D.P.M.,

Director, Center for Gait Studies,
Illinois Cocllege of Podiatric Medicine,
1001 North Dearborn Street,
Chicago,
Illinois. 60610,

U.S.A. '

Dr. Sutherland,
Children's Health Centre,
8001 Frost Street,
~San Diego,

California 92123,
U.S.A.

Dr. Yuli E. Tosher,

Bulgarian Academy of Science,

Institute of Mechanics & Blomechanlcs,
1, 7 November S5tr.,

Sofia,

Bulgaria.

Mr. T.P. Van Der Harst,

Senior Technician, ,

Department of Physical Education
and Recreation,

University of Western Australia,

Nedlands, W.A., 6009.

Dr. James C. Wall,
Department of Human Kinetics ,
University of Guelph,

Geulph, Ontario,

Canada, NIG 2W1.

Mr. James Walton,
46 Autumn Lane,
Amherst,

MA 01002,

U.S A

C. Gerald Warren,

Department of Rehabilitation Medlcme,
BB805 Univ. Hospital RJ30,

University of Washlngton,

Seattle,

Washington 9819-,

U.S.A.

Ms. Christine Stapleton,

Ergonomics Information Analysis Centre,
Department of Engineering Production,
University of Birmingham,

_ England.

Dr. I.,A.F. Stokes,

Oxford Orthopaedic Engineering Centre,
University of Oxford,

Nuffield Orthopaedic Centre,
Headington,

Oxford,

England,

OX3 7LD.

Dr. Petr Susanka,
Veletrzni ¢. 17,
17000 Praha 7,
Czechoslovakia.

Dr. Alf Thorstenssan,

Department of Physiiology 111 GIH
Karslinslea Institutet,
Lidingovanen 1,

S-11433 Stockholm,

Sweden.

Per Tveit,

Norges Idrettsh;égskole s
Sognsv. 220,
Oslo 8,

Norway.

Mr. G, Veres,

National College of Prosthetics,
Sophies Minde Orthopaedic Hospital,
Trondheimsvn 132,

Oslo 5,

Norway.

B.L. Walters .
Project Engineer,
Amtech. Incorporated,

. 141 California Street,

Newton, M.A. 02158,

U.S.A.

K. Watanabe,
Department Physiology,
School of Medicine,

. Toho University 5-21-16 Ohmarmlshl,

Ohtaku,
Tokyo,

Tapan. Cont./...
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Dr. R.J. Whitney,

N.R.C. Biomechanics Research Team,
R.A.F. Institute of Aviation Medicine,
Farnborough, :
Hants.,

England. GU1l4 6SZ.

Professor Eustache Willems,

Instituut voor Lichamelijke Opleiding,
Katholieke Universiteit Leuven,
Tervuurse Vest 101,

B 3030 Heverlee,

Belgium.

Takashi Yamomoto,

Dept. of Exercise Physiology,
School of P.E., '
Chukyo University,
Kaizu-cho, Toyota,

Aichi, Japan.

Dr. R.F. Zernicke,
Department of Kinesiology,
- University of California,
Los Angeles,

California. 90024,
U.S.A.

M.W, Whittle,

Oxford Orthopaedic Engineering Centre,
Nuffield Orthopaedic Centre,
Headington, Oxford, Ox3 7LD,
England.

Dr. Barry Wilson,

Department of Human Movement Studies,
University of Queensland,

St. Lucia,

Brisbane,

" Australia. 4067

Dr. Ir. J. Zander, .
Department of Agricultural Engineering,
Agricultural University, '
Sparrebos 17, -

6140 Wageningen,

The Netherlands.
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Instrumentation Development and Validation for Analyzing
Force Applications on the Balance Beam

By

. Ierry Diana Wilkerson
University of Houston, Houston, Texas

John M, Cooper
Indiana University, Bloomington, Indiana

In any movement of the human body, exertion of force against its
environment takee place. The study of the magnitude and direction of that
exerted force provides resear.chers of human movement with valuable
information. (2:83)* At the time of this study, only a smali amount of
information was available on the use of force insfrumentation deviees for
collecting data in analyzing gymnastic technique. It was believed that the
development and validation of a measurement device for analyzing the :
applications of force on fhe balance beam would eontri’bute additional

information about general balancing skills and balance beam performances.

The force instrument designed was composed of two mini-platforms

‘held between the wooden beam portion of the balance beam and the supports.

The basic piece of equipment was a Nissen balance beam (No. 269-E). The

‘mini-platforms were bridged together by steel in order to stabilize the two

‘units as a singular functioning platform. The steel bridge was composed of

a light weight flexible steel material and assisted in creating a stiff suspension
that had been previously suggested by Stout.(3) Stiff suspension was further
enhanced by weights on the bases of support of the balance beam to ensure

that there was no perceptible movement in the balance beam structure.

* Numbers in parentheses refer to numbered references in the bibliography;
those after the colon are page numbers.
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Each mini-platform contained strain gauges fop measuring sensitivity
‘of pressure in all three planes. The strain ’gaﬁges were constructed of ground
flat stock (Brbwn and Sharp AISI, Type 01) steel, with four foil-type fesistance
units cemented to each other. The strain gauge members were identical except'
for thickness; 1/2‘ inch by 1 inch stock was used for Z component, and 3/8 inch
by 1 inch _sto‘ck for the X and Y axes. The foil-type reSistance units were
350 OHMS with nQ distortion'on them. A diagram of the Y strain gauge and the
power suppl_y electrical circuitry ca.n be seen in Figure 1 .. Thé electrical
circuitry for thé X and Z strain géuge elements are illustrated in Figures 2 and
3 respectively. |

The force instrument recorded the vertical (Z) downward force exerted
on the balanc.e beam on three separate channels of an oscillograph. Two of
the ve_rtical channels (Z1 and Z2) recorded the separate force applications from
the two indi\}idual_mini—platforms supported on the ends of the balance beam.
Comparisons of Z1 and Z2 permitted the exact calculation of the point bf
applica.tion of vertical force between the ends of the balance beam. A third
vertical channel (Zsum) recorded the sum of Z1 and Z2, This iﬁst’rufnent aléo
recorded the horizontal forces (X and Y). Finally, the instrument was capable ‘
of recording the turning horizontal moment (M) around the vértical axis.

A force platform should have a natural freque'ncy that would not be
excited by the application of forces on that instrument. The two simultaneous
frequencies could result in resonance that would make the interpretation of
forces difficult. The natural frequency of the iﬁstrument developed in this
study was determined by applying an intermittent non—varia‘ble force on the
platform and accomplishing this over a range of frequencies. This was best

accomplished by mounting a brush electrical motor to the top of the balance
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beam. This motor weighed ten pounds and had the capability of varying
speeds through the adjustment of a veriax. Thé motor had a two and one half
inch flyWheel mounted on it. A strobotac faced the motor and flashed a light
on the flywhéel. A throw cam of one half ounce was mounted on the face of
the flywheel. The use of the strobotac provided an intermittent flash of light
which made the revolving cam on the flywheel appear stationary. Wheh the
stationary effect had been obtained, a direct RPM readiﬁg was taken frém a
dial indicator on the strob.ota‘c. The setting of the stfobotac to a preselected
RPM, and the adjustment of the veriax on the motor permitted the motor to be
adapted to th'e desired RPMs.

The oscillograph was used to test and record the vibratory behaviouf
of the balance. beam at various RPMs. The counting of cycles per’ Secohd (CPS)
was possible directly from the. oscillograph récordings . The range of RPMs
were from 400 to 3000 RPMs. The mﬁltiple of the reciprocal action of the
mounted motor through the range of RPMs was the interpreted natural frequency.
The natural frequencies for the balance beam were 50 CPS for the X axis and
30 CPS for both fhe Y and Z axes. The natural frequencies were considerably
lower than those indicated by Payne_. (2:84)' The higher natulfal frequencies
were impossible Wit‘h this instrument due to complexities created by the
increased mass, unusual dimensions, and additive frequencies from the separate
individual force platforms and the beam itself.

A static validation was accomplished through the use of techniques
that are standard in calibration procedures for force instruments. Comparisons
were made of known static loadings with the strip chart recordings from the
oscillograph. Static loadings were acdomplished through the utilization of
~weights for the Z axis and an electronic cable tensiometer for the X and Y axes.
The static validation was evaluated throuéh the use of the Pearson product-moment

-correlation coefficient technique. The deflected value was recorded as the
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static constant for the particular known force applied. Numerous trials of
various static loading weights on a variety of locations on the instrument were
tested, and a composite correlation coefficient was calculated for eéch plane.

The correlation coefficients were .9938, .9957, and .9949 for ihé
X, Y and Z respectively. The corrélation'coefficients for all three planes
indicated sufficient accuracy for the instrument with regard. to static léadings.
Limitations were imposed on the range of loadings used due to the-physical
possibilitieé of the experimental situation. The Static val‘ildation,indicated
" that the force inétrument responded and performed the same as other conventional
f.orce platforms.

An important chéracteristic of the force platform that should be e.\'raluat‘ed :
was the predictable behaviour or thé linearity of that behavior in dynamic
situations. The irregular physical size of any force platform WOuld be an
indication of possible irregulér behavior dynamically; .Thé balanceA beam was
not symmetrical in ph*}sical size, and a test of linearify was therefore indicated.
The physical characteristic of concern Was.the extreme length of the balance
beam. The length of the balance beam made the horizontal (X)‘ axis of special
concern. |

Two tests of dynamic nature were pérformed on the force -instrument
device. These tests were performed throudh the application of a simple |
pendulum type of apparatus. The vsimple pendulum provided a rﬁeans of dynamically
controlling force applications. These tests were accémp.’tished by swinging a
steel ball of known weight through a predetermined arc against the balance beém.
" The oscillograph recorded the harmonic oscillations of the known force
applications. This was done on both sides of the balance beam, and at various
selected points along the length of the balance beam to determine if the

oscillations were linear.
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The swinging apparatus was constructed of a wooden ladder with a
rod mounted to the top of the ladder by clamps. A steel cable cbnnected the
rod with the steel ball. The steel ball weighed 3.62 kilograms and Was swung
through an arc of 75 degrees. The arc was measured prior to each tfial with a
protractor mounted on the rod . The fadius of thé arc was 73. 66‘ centimeters,
which was the length of the cable ‘f.rom the rod to the center of the steel ball.

The data to be evaluated for validation were in thebform of sinusoidal
waves on the strip chért recofding paper taken from the oscillograph.' The
sinusoidal wave forms were cdmpared at various poinfs along the entire length
of the balance beam. The amplitude of the sine wave was measured at various
points in time breceding the initial applicétion of force. The Pearson
product-moment correlation coefficients were used to determine linearity of the
oscillations.

Measurements of the amp,litude‘ of each peak were taken evéry fourth
cycle for two seconds of oscillation for each of the three planes. The
application of force produced by the simple bendulum was measured at the
center of the balance ‘beam; the extreme rightAand left ends of the balance
beam, and two feet to the left and right of the: center of the balance beam.
Each application of force was cbrﬁpared égainst the other trials of force
application in each plane.

The range of correlation coefficients for the X axis was .9432 to
.9945, .9751 to .9933 for the Y axis, and .8956 to .9934 for the Z axis.

The re‘sults of this test indicated a high degree of linearity for the balance
beam force instrument.

Granger (1) indicated that added mass té theforce platform in his
investigation had no effect on the'sensitivity or linear behavior of the force
platform. A second dynamic test was.used regardless of Granger's findings

due to the unusual dimensions and characteristics of this instrument and
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therefore to ensure linearity. This tést used exactly the same procedure as
indicated in the first dynamic test, but the vertical (Z) plane was statically
loaded. "I‘he presence of weight on the vertical axis had a dampening effect

on the frequency cycles of all the planes. Weight on the vertical (Z) axis

was representative of the actual situation of a performer on the balance beam.

A weight was placed on top of the balance béam, or on the vertical axis, with
the oscillograph recording the dynamic action of thé steel ball. This made it
possible to measure the dampéning effect of the static Ioédin\g and establish
‘the linearity of oscillations under these conditions. | The.results of the second |
dynamic test indicated that the force instrument was also linear under these
conditions. The range of correl‘ation coefficients for .the X axis was .8715 fo
.9727, .9727 to 1.0 for the Y axis, and .9920 to .9971 for the Z axis. ,

The balance beam force instrument.had thé same predictable behavior
as a spring.’with a measurable épring constant. All thé force curves created
due £o movement on the balénce beam were directly measurable with the
exception of the period of impact immediately following a flight from the balance
beam. After the 'p‘eriod of impact, the bélance beam was a reestablished loadedA
sp;ing with directly measurable force data _. The difficulty inAmaking precise
force measurements occurred o.nl:y during the period of impact. |
The. resﬁlts of the static and dynamic testsv validated the accuracy and

 linearity of the fdrce instrument. The results of‘ such tests COu.ld also be used
to clarify force data which has undesirable osciliations . Force recordings of
the immediate impact taken after a subject returns to the force platformifollowing
a flight of some nature may be contaminated due.'to cscillatory motion of that
" instrument. If this situation existed, the screening tests suggested here and
general experimental information would provide the necessary informa.tion to

make the force data more reliable and valid.
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The CEREVAL dynamic measurement force—platform

By

Pelisse, F. (Dr. E. Michaut - Directeur)
CEREVAL,

rue du Parc,
94460 Valenton, FRANCE.

_ Translated by Kathleen Keily, D.H.M.S., U. of Q.

Introduction

The cereval force platform enables measurement of three orthogonal
components of force resulting from applied f‘orces . The resultant moment
énd other parameters may be balculated from this information.

The platform is s_upport’ed by 8 transducers, with strain gat{ges
linked to form Wheatstone bridge circuits. The testing bodies of the
transducers have been calculated té give an insignificant displacement of
the entire equipment when the maximal force is applied.

The natural frequency of the platform which has been observed to
be appropriate for the measurerﬁents made in biomechanical research, or,
for monitoring rehabilitation or athletic training.

I. Selecting a reference system

Figure 1 shows the positions of the 3 dimensional origin of reference with

réspect to the platform. The origin O coincides with the angle 4 on the support.

FIGURE 1
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When analyzing walking, the total forces between the foot and the
surface give a resultant R composed of (i) Rx (horizontal force in the
direction of the walk), (ii) Ry (horizontal and perpendicular to RX) , (iii) RZ
(vertical component), (iv) a resultant moment which can be broken down into
3 moménts MX, My, and Mz, about the axes OX, OY and Oz respectivelyf

The resultant R at the point of ap‘plication O1 on the platform, is

determined by the coordinates XO1 and YOL1.

II. Description of the various mechanisms

frnsemble  Plofeau . BaF

Fie. W° 002

Figure 2 shows the platform in perspective, and the main dimensions
for the smaller of the 2 platforms. The principal structures of the system

are drawn in Figure 3 (with dimensions).
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The plate is composed of 2 horizontal layers 10mm thick at S0mm
apart as shown in Figure 4. These layers are reinforced by Smm supports

at ,900. All these elements are scaled and joined to form a light and very

rigid system.

Transducers

The houéings for the transducers are steel cylinders, for the
transducers recox;-ding in the direction of Rz, aﬁd aluminium for those which
refer to thg directions RX and Ry

The drawings labelled 5 and 6 represent thé housings' for the
transducers which measure the components Rx and Ry (Figure 5) and RZ
(Figure 6). The dimensions of the varioqs electric ga-uges joined to the

housings are élso indicated on Figures 5 & 6.
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Frame

The frame consists of steel square tubes soldered togethelf. The
47 transducers for the componeht RZ are encased in the sﬁpports shown in
Figure 7. The transducers are bolted to the support. The system rests on

- 4 legs which can be adjusted to a suitable height. The forces on the plate

are therefore by the RX and Ry transducers transmitted to the fixed transducers
on the frame which measures the force on the Rz direction (Figure 8).

The RX and Ry transducers are interdependent. In this way, all

the forces which are exerted on the platform are accaunted for.



40
80

30

20

g +0.15 suivont # int. du tube cor‘r}ev

- 29 -

C_-E-R-A_V_A_L

Echelle :

=k}

Le 07_06 .77 | F.P._ R.WV.

-SUPPORT POUR CAPTEUR Rz .

N° 007

|
! 2
: g
L
M8
s
720

‘.l,‘

4 | 4 [Montants verticaux A 42 Tube cor‘re« ‘
3 | 4 | cCorps A_U4G '
2 4 | Ecrou “Pat”
1 4 | Vis de reglage ‘
REP|NB | DESIGNATION MATIERE ogs
CERAVAL |
Echelle: 1 |-E-(@)-1Le07.06.77|F.P. _ V.
T [Men AU4G
PIED REGLABL E
N° 008




- 30 -

A preloading system (Figure 9) ensures a good contact between the
horizontal and vertical transducers with a force RZ exerted at the centre of
the platform. In this way, the forces which are transmitted between the

transducers are equivélent to the forces applied to the platform.
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The degree of preloading can be adjusted. This depends on the
use of the platform. For example, the study of sporting activities

' necessitates a preloading factor greater than 10daN, which is the level

used in gait analysis.

Natural frequency of the unloaded platform

The natural frequency is measured when the platform is unloaded.
The lowest frequency obtained can be determined from the 3 trans_ducers-
when the platform oscillates freely after a very short and sudden force. The

lowest frequency for a 300 x 800mm platfcjrm is greater than 150Hz.
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Construction of the plate

The platform consists of a 'plywood upper surface covered with
either a thin layér of‘ metal or plastic.
Weight
| 300 x 800mm Platform : approximately 8kg

800 x 1700mm Platform : approximately 15kg. ‘

III. Electrical Schema

Connection of the transducers

Each corner of the platform is connected to 3 transducers, the
gauges’of which are attached on 2 surfaces. The axes of these 2 surfaces _
are parallel to the Rx and RZ directions.

A'Wheatstone half-bridge is formed by the junction of the 2 gauges

coming from each transducer. The gauges are positioned on two symmetrically

opposing surfac‘es which eliminates the effects of cross-talk. in this way,
the extent of the Rz component of the resultant force is not affected by RX
‘and. Ry components which applied at the same time.

Each transducér is connected to a continuous power supply and an
amplifier. The regulation of the voltage supply of the gauges Qf each .
transducervcan be used to adjust the sensitivity of each chénnel during
calibration. Slight differences in the sensitivity may exist between the
transducers of the same component. These differences are eliminated with
the gain adjus;cments which are made prior to the operation of the system.

Amplification

An integrated circuit (741) powered by a continuous +15 volt supply
allows amplification of the signal from each transducer. Figures 10 and 11
show the connections between the amplifiers and the transducers.

A single power supply of +15 volts powers the electronic circuitry.

Total power consumption is 1.5 amps.
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Measuring system

The outputs of the 8 amplifiers and the corresponding forces

components are shown as follows:
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Components
R 1
z
R 2
z
R 3
z
R 4
Z

Signal Amplifiers from
the vertical transducers

W N

R 1,4
X

R 2,3
X

R 1,2
X
R 3,4
pd

Signal Amplifiers from
the horizontal transducers

XX N o o,

The resultant force in a given direction or the resulting moment _
with fespect to an axis passing through a point on the platform can be
obtaiﬁed by summing the signals from séveral channels. This summation can
be done by means of electrenic circuitry, or a better alternative is to use a

calculator or a mini-computer.

IV. General characteristics

- The forces are positive when acting in the direction of the axes of
the reference system. |

The -sign of the moments similarly corréspoﬁds to the conventioﬁ of
the reference system.

The maximum deviations aré attaihed by the following values:
Px’ Fy - 50daN; Pz - lOOdéN/transdﬁcer (maximum of 400daN) .

Overloading of ﬁp‘ to 100% can be 'accommodated without deterioration

of the transducers.

Amplification scale

FX - 0.2volt/daN: Fy - 0.2volt/daN; Pz - 0.2volt/daN.

Variation of the signal according to the point of application of the force

The area bounded by the rectangle obtained by joining the points of
intersection of the axes of the RX and Ry transducers with the surface of the

plate: +2%; beyond this area: +4%.
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Accuracy of the ‘measuring system

An 8 bit analogue - digital converter which processes voltages
between +10 volts. From the outpﬁt signals of the amplifier, the following
values were obtaihed: F ,F - +2%; F_- 13%.

X'y - z
Cross-talk
The influence of applied forces in one direction of the reference

system on the other two directions is referred to as cross-talk.

F -F +3% F -F +3%
X Y - . Y VA

F -F +3% F -F +1.5%
be z - o z X )

F -F +3% . . F_~-F +1.5%
y X = z 'y

_ | , o
Temperature range under which the system functions normally: 0+50 C.
" Linearity

The principal variations with respect to the axes are as follows:

R - +1daN; R - +1daN; R - +2daN.
X - % - z -
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The Force Platfofm Group_

International Society of Biomechanics

Subscriptions

Please complete and return this form with U.S.$5 (or equivalent),
being subscription fee for 1980, to Barry Wilson, -

Department of Human Movement Studies,
University of Queensland,.
St. Lucia,
~ Brisbane,
Australia 4067.

If you wish you may send U.S.$10 for 1980 and 1981.

Name:

“ Addréss:

Amount enclosed:

Please make cheques payabble to Barry Wilson, Force Platform Group,
International Society of Biomechanics. '
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Force Platform Group. I.S.B.,
C/o Dept. of Human Movement Studies,
University of Queensland,
St. Lucia, Brisbane, 4067,
_ N "
Dear Colleague, ustralia
, In the 4th Newsletter was included a register, Or list of members and
their research interests. In order to update this register would you allow me
to publish brief details of your work. Please complete the questionnaire below
and return to me as soon as possible:

1) Name o o e ._________‘______ﬂ____' _____

2) Title (Mr., Mrs., Ms., Dr., Prof., etc.) __ .o oo |

3)  AdATeSS - oo e m
" 4) Institution (if different to above) _ e .

5) Do you work with a force platform? Yes No.

6) If answer is NO please give reasons for your interest:-

7) Please give brief details of your platform or platforms

Size of top surface __;______; _____________

Recorder

8) What auxiliary equipment do you use? (e.g. E.M.G., cameras, etc.)

9) What are the main lines of your research? (e.g. sports techniques,

gait analysis, etc.) e

10) Please list any relevant publications by you which have not been
included in Newsletters 1 and 2. (Attach additional sheets if necessary)

Many thanks for your co-operation.

Barry D. Wiison,
Secretary, F.P.G.






