US006047610A

United States Patent [ 1] Patent Number: 6,047,610
Stocco et al. (451 Date of Patent: Apr. 11, 2000
[54] HYBRID SERIAL/PARALLEL 5,656,905  8/1997 TSl woovoooerssoerssoeereceerooe 74/479.01

MANIPULATOR 5,715,729 2/1998 Toyama et al. .......cccocueneeeee 74/490.03

[76] Inventors: Leo J Stocco, 404 - 2370 West
2"?Avenue, Vancouver, Canada, V6K
1J2; Septimiu E Salcudean, 3936 West
32" Avenue, Vancouver, Canada, V6S

173
[21] Appl. No.: 08/844,457
[22] Filed Apr. 18, 1997
[51] Int. CL7 oo GO05G 11/00
[52] US. Cl .o 74/479.01; 74/490.03;
901/23

[58] Field of Search ...........ccccceceeee 74/479.01, 490.01,

74/490.03, 490.05, 490.07; 901/16, 23
[56] References Cited

U.S. PATENT DOCUMENTS
3,215,391 11/1965 Storm .

4,216,467 8/1980 Colston .
4,437,635 3/1984 Pham .
4,651,589  3/1987 Lambert .
4,762,016  8/1988 Stoughton .

4,790,718 12/1988 Vickers .
4,806,068 2/1989 Kohli .

4,819,496  4/1989 Shelef .....coovvvvvvivieniiniinnnnnnne 74/490.03
4,919,382  4/1990 Forman .
4,976,582 12/1990 Clavel .
4,988,244  1/1991 Sheldon .
5,007,300  4/1991 Siva .

5,028,180 7/1991 Sheldon .
5,053,687 10/1991 Merlet .
5,114,300  5/1992 Shahinpoor et al. .
5,223,776 6/1993 Radke .

5,263,382 11/1993 Brooks et al. .
5,271,200 12/1993 Fischer .
5,279,176 1/1994 Tahmasebi et al. .
5,301,566  4/1994 Tahmasebi et al. .
5,333,514  8/1994 Toyama et al. .
5,354,158 10/1994 Sheldon et al. .
5,388,935 2/1995 Sheldon .
5,401,128  3/1995 Lindem et al. .
5,556,242 9/1996 Sheldon et al. ......cccovevueuencncen. 901/23
5,568,993 10/1996 Potzick .

FOREIGN PATENT DOCUMENTS

0493795A1 12/1991 European Pat. Off. .
2228783 1/1990 United Kingdom .
WO095/11780 10/1994 WIPO .

OTHER PUBLICATIONS

Stocco, L and Salcudean, S.E., “A Coarse-Fine Approach to
Force—Reflecting Hand Controller Design”, IEEE Interna-
tional Conference on Robotics and Automation, Minneapo-
lis, Minnesota, Apr. 22, 1996.

Stocco, L, Salcudean, S.E. and Sassani, F., “Optimal Design
of A Multi-DOF Haptic Interface”, Sixth Annual Sympo-
sium on Haptic Interfaces for Virtual Environment and
Teleoperator Systems, International Mechanical Engineer-
ing Congress and Exposition, ASME Winter Meeting, 1997.
Stewart D., “A Platform with Six Degrees of Freedom”,
Proceedings of The Institution of Mechanical Engineers,
London, England, vol. 180, Part 1, No. 5, pp 371-386, 1965.

(List continued on next page.)

Primary Examiner—John A. Jeffery
Assistant Examiner—David Fenstermacher
Attorney, Agent, or Firm—C. A. Rowley

[57] ABSTRACT

A six degree of freedom structure forming a robotic
manipulator, consisting of two five-bar linkages (30 and 80)
set on rotatable base linkages (18 and 58); the output points
(44 and 94) of the five-bar linkages (30 and 80) are attached
to a rigid payload platform (48) by universal joints (46 and
96), respectively. Each linkage (30 and 80) on its rotatable
bass can position its output point in three degrees of
freedom, but since the two five-bar linkages (30 and 80) are
tied together at the platform (48), five degree of freedom
motion of the platform (48) results—three degrees of free-
dom in translation, and two of rotation. A seventh motor
(100), mounted for example on one of the five bar linkages,
provides power to rotate the platform about the axis defined
by the two universal joints (46 and 96). The rotational torque
is coupled through one of the universal joints (46 or 96).

2 Claims, 19 Drawing Sheets




