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(57) ABSTRACT

To connect conventional or laparoscopic instruments to a
robot that can be used for medical applications, there can be
a device that has a first and a second circular cylinder
segment having a continuous center bore is connected with
the angled first segment affixed to the free end of a robot
arm. This connection can be by way of an articulated joint
that can be rotated by 180°. On one end surface of the second
segment, there can be a third segment in the form of a flange,
having a bore that is coaxial with the continuous center bore
in the second segment. There is also a rolling joint which can
be used to allow the device to rotate. Around the bore of the
flange, there can be supply technology and data technology
connection elements and a locking mechanism for coupling
end effectors on and off.
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DEVICE FOR CONNECTING CONVENTIONAL OR
LAPAROSCOPIC INSTRUMENTS TO A ROBOT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] Applicants claim priority under 35 U.S.C. §119 of
GERMAN Application No. DE 10 2004 054 866.8, filed on
Nov. 12, 2004, the disclosure of which is hereby incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a device for connecting
conventional or laparoscopic instruments to an arm of a
robot that can be used for medical applications.

[0004] Highly specialized robots are used in medical
applications. Such robots generally carry either conventional
instruments or laparoscopic instruments, whereby the instru-
ments of the second group generally have a rod-shaped
shape. which makes it possible for laparoscopic instruments
to be introduced into the body of a patient through small
openings.

[0005] With laparoscopic instruments, the rod-shaped part
of such an instrument is partially or mainly located in the
body of the patient during an intervention. For safety rea-
sons, removal of the instrument from the body of the patient
is possible, through the small opening, only along the axis of
the rod-shaped part, axis of the instrument runs coaxial to
the robot axis, and if it coincides with the latter, the robot
axle can be configured as a hollow shaft unit, so that the
instrument can be removed in conformity therewith.

[0006] At the present time, only a robot sold by the
company Computer Motion, under the designation
“Roboter: Aesop” is known, to which laparoscopic instru-
ments can be connected.

[0007] However, the current state of the art ignores the
need for connecting both laparoscopic and conventional
instruments, since the two groups of instruments have been
assigned to different robot markets within medical robotics.
Furthermore, an electrical connection of the instruments to
be guided to the robot arm has not been present in the prior
art.

SUMMARY OF THE INVENTION

[0008] Tt is therefore the task of the invention to recon-
figure a robot that can be used for medical applications, i.e.
its last member, so that both conventional and laparoscopic
instruments can be connected.

[0009] According to the invention, this task is accom-
plished, via a device for mechanically and electrically con-
necting conventional or laparoscopic instruments to an arm
of a robot that can be used for medical applications.

[0010] The device can include a second circular cylinder
segment having a continuous center bore which is connected
with an angled first segment aflixed to the free end of the
robot arm, by way of an articulated joint that can be rotated
by approximately 180°. In addition, with the end surface of
the second segment, there can be a third segment in the form
of a flange. having a bore that is coaxial with the continuous
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center bore in the second segment. The second segment can
have supply technology and data technology connection
elements. In addition, this device can have a locking mecha-
nism for coupling end effectors on and off, and which can be
provided, by way of a rolling joint.

[0011] The robot joint that has been reconfigured accord-
ing to the invention thereby permits both mechanical and
electrical connection of such rod-shaped laparoscopic
instruments, as well as conventional instruments. Therefore,
the device according to the invention creates a robot that can
be universally used for medical applications.

BRIEF DESCRIPTION OF DRAWINGS

[0012] Other benefits and features of the present invention
will become apparent from the following detailed descrip-
tion considered in connection with the accompanying draw-
ings. It is to be understood, however, that the drawings are
designed as an illustration only and not as a definition of the
limits of the invention.

[0013] In the drawings, wherein similar reference charac-
ters denote similar elements throughout the several views:

[0014] FIG. 1 is a schematic representation of a recon-
figured robot flange;

[0015] FIG. 2 is a schematic representation of a laparo-
scopic instrument that can be connected with the robot
flange;

[0016] FIG. 3 is a schematic representation of a conven-
tional instrument that can be connected with the robot
flange;

[0017] FIG. 4 is a schematic representation of the joint
angle range for laparoscopic and/or conventional instru-
ments;

[0018] FIG. 5 is a schematic representation of the joint
angle range for laparoscopic and/or conventional instru-
ments; and

[0019] FIG. 6 a schematic representation of a connection
possibility for the two instrument types.

DETAILED DESCRIPTION OF THE DRAWINGS

[0020] Referring now in detail to the drawings and, in
particular, FIG. 1 shows a configuration of the last axle of
a robot, particularly one that can be used for medical
applications. For both laparoscopic and non-laparoscopic,
i.e. conventional instruments to be connected to a robot for
medical applications, there can be an angled first segment 1
which is affixed to the free end of a robot arm 5 at a first end.
First segment can be connected at a second end to a circular
cylindrical segment 2, by way of an articulated joint ©.

[0021] A third segment, in the form of a robot flange 3, is
attached to an end surface 21 of second segment 2, by way
of rolling joint ®. Rolling joint ® has a bore 32, which is
continued coaxial to a continuous center bore 22 in second
segment 2.

[0022] Second segment 2 can include supply technology
and data technology connection elements in the form of data
connection elements such as pins 31 for the instruments.
Second segment 2 can also include a locking mechanism 32
that is configured on robot flange 3, around bore 32, as
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indicated schematically. These locking mechanisms 32 can
be used to couple end effectors on and off.

[0023] The locking mechanism can, in addition, also be
configured so as to be electronically controllable. Further-
more, locking mechanism 32 is designed so that it can also
serve as mechanical protection against incorrect assembly of
end effectors to be connected.

[0024] Laparoscopic instruments for robot-assisted mini-
mally invasive surgery are generally relatively long and
rod-shaped. Miniaturized effectors/sensors are situated at
one end, the distal end of laparoscopic instruments. These
sensors can be in the form of a pliers bit, scissors, a CCD
camera, and the like, while the components necessary for
operation of the effectors are disposed at the other end, the
proximal end of such instruments.

[0025] Since the proximal end of such an instrument
remains outside of the patient’s body, it generally has a
clearly greater construction volume. As already explained
initially, it must be possible, for safety reasons, among other
things, to remove laparoscopic instruments for robot-as-
sisted minimally invasive surgery from the body of a patient
along their longitudinal axis, at any time, without having to
move the patient and/or the robot.

[0026] FIG. 2 shows the assembly of a laparoscopic
instrument 4, which is inserted through joint ® with its
rod-shaped shaft 41. Connection of laparoscopic instrument
4 occurs via a counter-piece on underside 42 of instrument
4, which is adequate for the supply and data connection
elements 31 as well as locking mechanism 32, not shown in
greater detail in FIG. 2.

[0027] To connect a non-laparoscopic conventional instru-
ment 6 with a drill 7 that is inserted into it, for example, the
privileged direction of joint ©, is rotated by 180°. Conven-
tional instrument 6 is flanged onto the end surface face of
second segment 2, and thereby is not inserted through the
joint O,

[0028] As shown in FIGS. 4 and 5, a movement along
angle a1 is possible from using laparoscopic instruments 4,
with articulated joint ®,. In addition, a movement along
angle o2 is possible using conventional instrument 6. The
required joint angle range for articulated joint ©, is therefore
180° plus o, (where o, =max {al, a2}).

[0029] If the angles a1 are supposed to be enlarged, a
variant of the configuration described above is shown in
FIG. 6, wherein two flanges 3 and 3' are disposed on second
segment 2. With the embodiment according to FIG. 6, the
configuration angle of approximately 180 degrees is elimi-
nated, since both instrument types can be flanged on without
reconfiguring joint ®,. FIG. 6 schematically indicates the
possibility of connecting either a laparoscopic instrument 4
or, instead, a conventional non-laparoscopic instrument 6.
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[0030] Accordingly, while only at least one embodiment
of the present invention have been shown and described, it
is obvious that many changes and modifications may be
made thereunto without departing from the spirit and scope
of the invention.

REFERENCE SYMBOL LIST

[0031] 1 first segment

[0032] 2 second segment

[0033] 21 end surface

[0034] 22 center bore

[0035] 3, 3' third segment/flange
[0036] 31 connection possibilities
[0037] 32 coaxial bore

[0038] 33 locking mechanism
[0039] 5 robot arm

[0040] O rolling joint

[0041] O, articulated joint

What is claimed:
1. A device for connecting instruments to an arm of a
robot that can be used for medical applications comptrising:

a) an angled first segment affixed to a free end of a robot
arm;

b) a circular cylinder segment having a continuous center
bore and coupled to said angled first segment;

¢) an articulating joint that can be rotated, and which is
coupled to said circular cylinder segment;

d) a flange forming a third segment, coupled to said
circular cylinder segment, said flange having a bore
that is coaxial and continuous with said center bore in
said circular cylinder segment;

e) a plurality of data connection elements coupled to said
circular cylindrical segment;

) a locking mechanism for coupling to said articulating

joint; and

g) a rolling joint coupled to said circular cylindrical

segment.

2. The device as in claim 1, wherein said plurality of data
connection elements are disposed around said bore of said
flange.

3. The device as in claim 2, wherein said flange is
disposed on an end of said circular cylinder segment.

4. The device as in claim 1, wherein said rolling joint is
for coupling said circular cylindrical segment to said flange.
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