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PATENT

ROBOTIC END EFFECTOR

5 BACKGROUND OF TItE INVENTION

1. Field of the Invention:

The present invention relates to end effectors for robotic arms.

In particular, the present invention relates to end effectors designed to

10 hold inspection probes against a surface. The United States

Government has rights in this invention pursuant to Contract No. DE-

AC09-89SR18035 between the U.S. Department of Energy and

Westinghouse Savannah River Company.

2. Discussion of Background:

15 A variety of apparatus are known for manipulating the position

of a test probe. For example, Bromwich (U.S. patent 4,056,972)

describes an apparatus containing a clamp and hinged arm capable of

testing inaccessible parts of heat exchangers and the like.

Overbay, in U.S. 4,856,354, describes a remotely controlled

20 manipulator for an inspection probe, such as a fiberscope, that allows

precise, measured rotational movement and translative advancing and

retracting movement The standard connecting device used in this

manipulator to connect the apparatus with its control unit suggests that

it can be used in conjunction with a robotic arm.

25 In U.S. patent 4,505,874, Warren, et al, describe a remotely

controlled supporting ann for an ultrasound transducer "sled" that
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performs reactor vessel testing. The apparatus pivots about three axes

of rotation, each driven by a reversible, variable speed DC motor.

The transducer sled is provided with casters, allowing it to travel

freely on the sample surface.

5 Qurnell, et al, in U.S. 4,196,048, describe a manipulator that

uses spring tension to keep a transducer positioned on the sample

surface while performing corrosion testing. Finally, in Blackstone, et

al (U.S. 4,169,758), a manipulator for an ultrasonic transducer is

designed to inspect the contour of a reactor vessel according to a

10 predetermined scanning path.

SUMMARY OF THE INVENTION

According to its major aspects and broadly stated, the present

15 invention is an end effector, that is, an apparatus for use with a robotic

arm and with one or more probes to probe a surface. The apparatus

comprises two major, interconnected portions. One portion has a

gimbal that carries the probe and holds the probe in contact with and

normal to the surface. The gimbal pivots about two, mutually

20 perpendicular axes, supported by a first plate.

The other portion comprises a housing that contains means for

urging the gimbal against the surface and means for maintaining the

urging means approximately' in the midpoint of its travel distance so

that, as the apparatus is moved across the surface, the first portion can

25 respond quickly to irregularities in the surface by moving closer or

farther from the second portion as needed.
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The urging means further comprises a set of three, parallel

shafts slidably positioned in and equally spaced about the housing and

three springs disposed between, and having axes parallel to, the shafts.

The shafts are supported by a second plate, engage the first plate and

5 slide between a first position and a second position which define the

limits of their travel distance. The springs attach to the second plate

and bias it to urge the shafts against the first plate and, thus, urge the

gimbal against the surface.

A potentiometer is located within a chamber inside the housing,

10 with one end attached thereto and an opposing end extending through a

hole in the housing to the first portion where it is attached to the first

plate. The potentiometer senses the distance between the first and

second components, signals a control unit and thereby causes the

robotic arm to adjust the position of the second portion so that the

15 shafts are maintained approximately midway between a first position

out of the housing and a second position in the housing, so that, as the

apparatus is moved over the surface and irregularities are

encountered, the gimbal can be moved in or out as needed to maintain

contact.

20 A feature of the present invention is the cooperation between the

first and second portions in maintaining the shafts of the second

portion at a distance half-way between their minimum and maximum

travel. The advantage of this feature is more rapid response to

irregularities in the surface being scanned by the probes. As the end

25 effector moves across the surface, any irregularities, that is, variations

in the surface topography', that are encountered ,.viii cause the first
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portion to move closer to or farther from the second portion. By

maintaining the first portion approximately midway in its travel

distance, the response to surface irregularities is quicker regardless of

which direction they move the first portion.

5 Another feature of the present invention is the use of a gimbal

having two mutually perpendicular axes to maintain normal contact

with the surface being probed. Especially in the case of ultrasonic and

eddy current probing, contact no_mal to the surface is important to

maintain for reliable measurements. A gimbal according to the

10 preferred embodiment maintains such contact.

Still another feature of the present invention is the support to

the first portion provided by the second portion, namely, the

combination of three shafts, biased by three springs. The use of three

shafts provides steady, three point support with minimum material for

15 a more compact design.

Another feature of the present invention is a dynamic seal for

preventing intrusion of water, or other fluids into the chamber where

the potentiometer is located. Thus the end effector according to the

present invention can be used underwater.

20 Furthermore, the arrangement of features of the present

invention is particularly compact and can be constructed to fit through

a relatively small outer dimensional envelop.

Other features and advantages of the present invention will be

apparent to those skilled in the art from a careful reading of the

25 Detailed Description of a Preferred Embodiment presented below and

accompanied by the drawings.



BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings,

5 Fig. 1 is a cross-sectional view of an end effector for holding a

probe according to a preferred embodiment of the present invention;

Fig 2 is a bottom view of the end effector of Fig. 1;

Fig 3 is a cross sectional view of the end effector of Fig. 1 taken

along lines 3-3 showing the gimbal plate;

10 Fig 4 is a cross sectional view of the end effector of Fig. 1 taken

along lines 4-4;

Fig 5 is a cross sectional view of the end effector of Fig. 1 taken

along lines 5-5;

Fig. 6 is a cross-sectional view of the end effector with the first

15 portion in its at the opposite end of travel of that shown in Fig. 1; and

Fig. 7 is a schematic view of the system including a robotic arm

and a control device.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

2O

Referring now to Fig. 1, an apparatus according to the present

design is illustrated. The apparatus is an end effector 10 to be used

with a robotic arm and one or more probes (no arm is shown in Fig.

1). The purpose of end effector 10 is to hold the probes against a

25 surface, and, in particular, an irregular surface, as the end effector is



6

moved across the surface and encounters variations in the surface

topography such as curves, weldments and angled surfaces.

End effector 10 has two portions, a first portion 12 and a

second portion 14 connected to the first in such a way that the two

5 portions can move closer or farther away from each other as

irregularities in the surface are encountered (as can be seen by

comparing the views shown in Figs. 1 and 6). First portion 12

comprises in the main a gimbal 20 and one or more probes 24.

Second portion 14 comprises a housing 22, means for urging gimbal

10 20 against the surface and means for maintaining the first portion at

the midpoint of its travel, as will be described presently.

First portion 12 has a gimbal plate 30 on which is mounted a

first set of upstanding arms 32, 34 attached by a set of screws 35.

_ Arms 32, 34 rotatably support a second set of arms 36 (the front arm

15 being removed in Figs. 1 and 6). Second set of arms 36 rotatably

support a face 38. Second set of am-_s36 rotate about a first axis 40;

face 38 rotates about a second axis 42 orthogonal to first axis 40. Two

sets of shoulder screws 44, 46 connect pivotally first set of arms 32,

34 to second set of arms 3(5,and second set of arms 36 to face 38,

20 respectively. Therefore, face 38 can pivot about two mutually

perpendicular axes 40 and 42 and thus normally engage the surface

being inspected. A probe 24, such as an eddy current probe or an

ultrasonic testing probe, is held by face 38 against the surface.

Second portion 14 has an end cap 50 that fits into the end of

25 housing 22. End cap 50 has a cylindrical extension 52 extending into

housing 22 which, together with housing 22, defines a central chamber
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54. End cap 50, as best seen in Fig. 2, also has four small diameter

passages 56 bored from its periphery to a recess 58 in its interior for

receiving set screws, and a fifth passage 60 for receiving a locator pin

(Fig. 1). Locator pin passage 60 allows a locator pin to establish the

5 correct orientation of end effector 10 onto a robotic arm; set screw

passages 56 enable set screw to secure end effector 10 to the robotic

arm (not shown).

Annular space 52 is largely occupied by housing 22 (Figs. 1 and

5), but housing 22 has six cylindrical openings disposed peripherally

1@ about central chamber 54, three openings 70 of which openings are

slightly larger than the remaining three openings 80 and the two sizes

of openings alternate about the periphery of housing 22, all openings

lie in parallel to each other and to the axis of second portion 14. In
1

!_ the three larger openings 70 are slidably inserted three shafts 72

15 surrounded in each opening 70 by two linear ball bushings 74, 7(5

separated by a spacer 78 to assure a smooth and low-friction motion of

shafts 72 in and out of openings 70. On either side of shafts 72, in

openings 80, are springs 82. Springs 82 are fitted within sleeves 84

which have a series of holes 88 along a portion of their lengths. Holes

20 88 accommodate pins 86 for setting different spring tension by first

extending springs 82 upward and inserting pins 86 through holes 88 to

hold springs 82 in an extended state.

Shafts 72 engage a second plate 100, held to second plate 100 by

screws 102. Second plate 100, also shown in Fig. 4, has three ears

25 104, or enlargements for the screw holes 106. Sleeves 84 are held in

place by a retaining ring 108 (Fig. 1). Springs 82 pull up on second



I

8

plate 100, and are attached to second plate 100 by forming loops in the

ends of springs 82 and inserting the loops into channels 110 cut into

the top face of second plate 100. Pins 112 are inserted into holes 114

in the sides of second plate 100, through the loops in springs 82. Thus

5 springs 82 urge shafts 72 to slide upward, out of second portion 14

and to hold gimbal 20 of first portion 12 against a surface.

Inside central chamber 54 is a potentiometer 120, secured to a

potentiometer mount 122 that slides into chamber 54 until stopped by

the bottom of chamber 54 and is retained by retainer ring 124.

10 Potentiometer 120 is connected to gimbal plate 30 via a potentiometer

shaft 126. As first portion 12 moves toward and away from a surface

(compare Figs. 1 and 6), potentiometer shaft 126 moves with it, in and

out of housing 22, causing potentiometer 120 to signal its position. A

limit switch 128 prevents potentiometer shaft 126 from moving in or

15 out beyond preset limits. Potentiometer 120 can send signals to a

computer 140 (Fig. 7), such as a programmed general purpose

computer or special purpose computer, that controls the robotic arm

142 based on feedback from potentiometer 144 carried by end effector

10 and requires it to make an adjustment of its position so that end

20 effector 10 maintains contact with the surface and holds first portion

12 in a position where it can be responsive to irregularities

encountered in the surface.

The range of travel of shafts 72 into and out of housing 22 is

limited to a relatively small distance for best control, preferably only

25 one to two centimeters. In order to use this range effectively, second

portion 14 moves in or out with respect to first portion 12 to keep
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shafts 72 at the midpoint of their travel, that is, halfway between their

first position all the way extended and their second position all the way

out (compare Figs. 1 and 6). Then, as face 38 encounters

irregularities in the surface being inspected, first portion can respond

5 in either direction, in or out, quickly. As soon as first portion 12

responds, potentiometer 144 signals its new position to computer 140

which, in turn, causes robotic arm to move out or in, respectively, so

that shafts 72 return to their midpoints.

It will be apparent to those skilled in the art that many changes

10 and substitutions can be made to the preferred embodiment herein

described without departing from the spirit and scope of the present

invention as defined by the appended claims.
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ABSTRACT OF THE DISCLOSURE

An end effector for use in probing a surface with a robotic arm.

The end effector has a first portion that carries a gimbal with a probe,

5 the gimbal holding the probe normal to the surface, and a second

portion with a set of three shafts within a housing for urging the

gimbal and probe against the surface. The second portion contains a

potentiometer connected by another shaft to the first portion to

measure the position of the first portion with respect to the second so

1o that the second portion can be moved to place and maintain the shafts

at the midpoint of their travel. Then, as irregularities in the surface

are encountered, the first portion can respond by moving closer to or

farther from the second portion.
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