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Abstract

This thesis explores the possibility of using mechanical control in the design of a
complex end effector. A design methodology is developed and demonstrated. The main
goal of this methodology is to maximize reversible steps to direct the design. By
attempting to obtain as much mechanical control as possible, several mechanisms are
developed which could be used in applications where control of multiple operations by one
motor is desired. Along with the demonstration of the design methodology with an end
effector design, application of this methodology to cigarette packaging machines is

discussed.
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Chapter 1
Introduction

The main objective of this thesis is to develop a design methodology to reduce the
number of motors in the design of complex mechanisms. By reducing the number of
motors, the weight and complexity of the mechanism should be reduced and the
reliability should be increased. This developed methodology is demonstrated in the
design of a complex end effector and is also applied to a cigarette packaging machine.

Today, mechanical control of mechanisms has been almost eliminated and the
trend is toward controlling sequences of operations electronically. Current studies of
mechanical control seem to be almost non-existent. For example, in internal
combustion engines, the firing order for the spark plugs has been controlled by a
distributor driven by the cam shaft for many years. Many modern engines use
electronics to control the firing order. This shows the trend toward using more
electronic control. The control of the valve opening and closing in most internal
combustion engines has always been controlled mechanically by cams. No efficient
electronic method of controlling the valve operation has been developed. This shows

that electronic control is not always the best method, but today electronic control is



usually the first choice. It is easy to overlook the idea of mechanical control with
all the electronic methods available for controlling mechanisms.
Table 1-1 shows the advantages of using mechanical control and the advantages of

using electronic control. The items in Table 1-1 are listed in order of decreasing

Table 1-1. Advantages of Mechanical and Electronic Control |

Strong Strong|
Mech Elec

X l Ease of control
X Positioning speed

Number of sensors required

>

Programming time

X Maintenance
X Reliability
Positioning Accuracy

Cost

Power output to power input ratio

SRR ke

eight

Versatility

Mean time between failures for motors

Design and Redesign time

|
R R

Required designer expertise

mechanical control advantage. For some items such as cost and positioning accuracy
it is difficult to tell whether mechanical or electronic control is better. It cannot be

said that one control method is always better than the other. Mechanical or electronic
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control is chosen depending on the requirements of the system. For this thesis,
mechanical control was chosen because for this end effector ease of control was very
important. Allowing the mechanism to control the motions, reduces the chances of
operator error. In order to reduce the number of signal lines, previous designs used a
microprocessor on the end effector to control the sequence of motions. By allowing
the mechanism to control the motions, these microprocessors would not be needed and
the weight could be reduced. The number of signal lines can also be reduced by
using mechanical control, since fewer sensors would be required. The design and
redesign time could be reduced, and a less experienced designer could design
mechanically controlled mechanism if a methodology to systematically design
mechanisms with mechanical control is developed. Therefore, by developing this
design methodology, mechanical control becomes a more attractive approach.

The design method developed in this thesis for designing complex end effectors
was developed from looking at various end effector design methods. The design
evolved from reviewing industrial end effectors, end effectors performing similar
tasks and various mechanisms. End effectors were reviewed which were able to
manipulate objects or do more than just grip an object. For this thesis an end effector
was to be developed which can perform many tasks with one motor. Mechanisms
that can vary or stop motion while the input remains constant were therefore

reviewed.



Chapter 2
Literature Review

2.1 Aerospace End Effectors

Some of the end effectors reviewed (Katzberg et al., 1986) are shown in Figures
2-1 through 2-7. These are various end effectors which have been developed and
studied for in space use. Most of these end effectors simply grasp objects. This
seems to be the most studied type of end effector.

The most proven and accepted end effector used for in space use is the Standard
Snare Type End Effector shown in Figure 2-1. This is used in conjunction with the
Standard Grapple Fixture shown in Figure 2-2. It grasps the grapple fixture using
three wires. When locked, it also can supply power through an electrical connection.
This end effector has been proven time and time again for in-space use. Although it
must be refurbished regularly, this does not cause problems for flight on the shuttle,
since flights are relatively short.

Another end effector which has been studied is shown in Figure 2-3. This is the
Robo-Tech Multiple Prehension Manipulator System. The gripping method on this
end effector can be adjusted, as shown in the upper part of Figure 2-3, by turning the

finger turning motor.
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The URI Gripper end effector is one of the few end effectors which is able to both
grasp and manipulate an object. This gripper, as shown in Figure 2-4, can rotate an
object about two axes and translate the piece.

The Langley Parallel Two-Jaw Gripper demonstrates the use of a force torque
sensor and compliance and is shown in Figure 2-5. This end effector has force
sensors in its gripping jaws to determine how much force is being applied to the
grasped item. This could be useful for grasping delicate items. This end effector has
a torque force sensor at its base, which measures the forces and torque applied to the
base of the end effector. Feedback from this sensor can be used to adjust the robot
arm to eliminate any forces being applied to the work piece. This end effector uses a
worm gear and sector gears to move the jaws. This end effector also has compliant
springs at the mounting surface to eliminate overloading the work piece.

A type of end effector which can grasp an object without being accurately
positioned is an inflatable device as shown in Figure 2-6. This device, while
deflated, can be placed into a hollowed section of a work piece and then as it inflates
it grasps the work piece. This end effector can grasp irregular shaped objects and
does not need to be positioned accurately.

An end effector which can grasp rotating objects and arrest their rotating motion is
shown in Figure 2-7. This could be used to interface with a spinning satellite, stop
its rotation and secure the satellite. The internal ring with an inflatable section can

rotate relative to the outside ring. This end effector is slid over a rotating object and
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INTERNAL GRASP  VARIABLE GEOMETRY

REF. U.S. PATENT #4,273,505 - Clark, et al

SPECIFICATIONS:

° BLADDER OF MED 6600 ELASTOMER

® STIFFENING WIRES MOLDED INTO BLADDER
FOR TORSIONAL RIGIDITY

° CENTRAL TELESCOPING STIFFENING MEMBER
PROVIDES HANDLING RIGIDITY

ADVANTAGES:

1. WILL HANDLE MANY DIFFERENT CONFIGURATIONS OF HANDLING POINTS

2. REQUIRES ONLY ONE GRIPPING BLADDER

3. LARGE EXPANSION RATION PERMITS A LARGER POSITIONING ERROR

Figure 2-6.  Inflatable Gripper (From reference 17)
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the bladder in the internal section is inflated. As the bladder comes in contact with
the rotating object the internal section begins to rotate with the object. Then various
methods could be used to stop the objects rotation including brakes, viscous fluid or
reversing nitrogen jets.

2.2 Industrial End Effectors

An end effector, developed by Kenneth Hall (1986), which is similar to the one
studied in this thesis is shown in Figure 2-8. This is an end effector designed to
assemble a circuit breaker which is shown in Figure 2-9. This end effector assembles
three components of the circuit breaker while they are in its grasp. This method is
chosen over the pick and place method in order to save travel time of the robot. This
makes it possible to pick up the three parts from their respective locations serially
then move to the assembly location. Otherwise, using the pick and place method, the
gripper would move to the part location then to the assembly location after each part
is picked up.

This end effector consists of two components which are joined to make an upside
down U shape. The component on the left is used to assemble the coil, lever and
handle and is shown in Figure 2-10. The component on the right is used to assemble
the cover to the circuit breaker and is shown in detail in Figure 2-11. The assembly
sequence for the coil, lever and handle is shown in Figure 2-12. The end effector
moves into position over the coil, and the gripper grips the coil. Then the end

effector moves into position near the lever and inserts the coil into the lever and the

13



Figure 2-8.  Circuit Breaker Assembly End Effector (From reference 11)
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Figure 2-10. Coil, Lever and Handle Assembling Gripper (From reference 11)
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other gripper grips the lever. After the lever is installed, the end effector moves over
to the handle and inserts the coil into the handle. At this point a pin in the end
effector is inserted into the handle to secure it in place until it is installed into the
body where a pin holds it in place on the other side of the handle.

After all the components have been installed in the circuit breaker, the cover is
ready to be installed. The components other than the coil, lever and handle can
simply be installed using pick and place operations. The cover is installed using the
cover installation gripper, which consists of a vacuum pad and grippers and is shown
in Figure 2-11. The cover is picked up using the vacuum pad and the grippers are
used once the cover is placed over the body to align the cover to the body.

Figure 2-13 shows a flexible gripper (Wright and Cutkosky, 1985) for turbine
blades. The upper two fingers on this end effector are connected to the closing
mechanism and to each other by ball joints. This allows the top two fingers to
conform to the shape of the object being grasped.

One gripper which is similar to the inflatable gripper for space use is shown in
Figure 2-14 (Wright and Cutkosky, 1985). This gripper can be used to grasp internal
features of objects. It is inserted into the feature and, as the gripper is lifted, fluid is
forced from the central hydraulic cylinder into the cylindrical rubber membrane. The
membrane expands and contacts the item to be lifted. When the object is set down, a
spring in the hydraulic cylinder forces the cylinder down and the fluid leaves the

membrane and goes into the cylinder.

19



Figure 2-13. Flexible Gripper For Turbine Blades (From reference 32)

Figure 2-14. Self Expanding Internal Gripper (From reference 32)

Figure 2-15. Magnetic Gripper (From reference 32)
20













































