5 DOF Arm

Overview

The two arms discussed below are five degree-of-freedom (5DOF) serial link manipulators.  Constructed from aluminum and plastic, the arms were designed to perform similar to that of a human arm.  Upper and lower arm lengths are proportional to that of an adult human.  Explosion of kinematics equations were kept to a minimum by aligning the axis of rotation from joint to joint.  Once attached to Pneuman, the arms will function both as an experimental apparatus and as an entertainment.  As shown below in figure01, the arms are mirror images of each other and are identical in all other respects.  

Joint Configuration

When designing a higher nth order DOF serial link manipulator, one must consider the kinematics equations behind each joint placement.  The arm was designed so that joint axis i intersects joint axis i+1, where i is the number of joints in the arm.  Each new link is offset from the previous link by 90( as shown in figure 02.

Joints ShoulderA, ShoulderB, and ElbowA are coincident at the shoulder.  This alignment allows for the arm to rotate as if a ball and socket joint were implemented.  ElbowB and WristA joints are also coincident.  Joints ShoulderA, ShoulderB, and ElbowB are actuated by linear actuators.  The remaining joints, ElbowA and WristA, are actuated by rotary actuators.


FIGURE 02
Arm kinematics.  The arrows indicate direction of rotation.  The thick lines represent the links.

Table 01 describes the joint characteristics along with the motor used.


[image: image1.wmf]Joint

Max Torque

Max Speed

Range of Motion

(Nm)

(rpm)

(degrees)

ShoulderA

14.00

10

120

ShoulderB

14.00

10

90

ElbowA

10.00

20

90

ElbowB

10.00

10

120

WristA

1.00

20

180


TABLE 01
Joint characteristics.

Kinematics

DH Parameters


Actuators

After weighing the pros and cons of a number of actuator schemes, it was found that dc motors would provide the needed torque with the least complexity.  However, dc motors do present problems when implemented in robotic systems.  These complex systems rely on precision and repeatability.  DC motors produce backlash, which throws off precision and thereby repeatability.  To help remedy this problem a revolute series elastic actuator (SEA) has been devised; see figure07 under Force Feedback Mechanism.  The revolute SEA will reduce backlash and will provide force feedback at the joint.  The SEA also promotes robustness and compliance throughout the arm.  Figure 03 depicts a basic representation of a SEA.  A spring is placed inline with the transmission shaft to reduce unwanted backlash and problems that may arise due to a sudden impact of a link with an object.
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FIGURE 03
Series elastic actuator (SEA).  

Two brands of surplus motors were purchased; one having a stall torque of 320 oz in and the other 200 oz in.  Although these motors would suffice, gear reduction at specified joints was immanent.  Two joints that did not require any gear reduction other than that of the gearbox were ElbowA and WristA.  Directly driven, these two joints proved more than the required range of motion and max speed.  Table 02 describes the characteristics of the dc motors.
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Voltage

Stall Torque

Max Speed

(volts)

oz in

(rpm)

ShoulderA

24

320

120

ShoulderB

24

320

120

ElbowA

12

200

22

ElbowB

24

320

120

WristA

12

200

22



TABLE 02
DC motor characteristics.

Linear Actuator

Rotary Actuator

One of the problems encountered when designing the rotation aspects of the upper arm was to align the ShoulderB joint perpendicular with the ElbowB axis.  A pulley drive system was implemented to overcome this problem.  The advantage of a pulley drive system is its compactness compared to the linear actuator.  In a pulley drive system there is no need for a lever arm or a screw-jack.  Another advantage over the jackscrew is that it increases the available rpm at the joint it actuates.  The SEA’s axis of rotation is coincident with that of the joint’s axis.  Below in figure 05 the motor pulley is rigidly attached to the motor shaft.  The cable is wrapped around the motor pulley and partly around the joint pulley.  Both ends of the cable are terminated on the joint pulley.  One is static while the opposite end is attached to a cable-tensioning device.  The cable-tensioning device is necessary to keep the cable taut at all times.  An “intelligent” tensioning device such as an inline memory-shape alloy extension spring may be implemented in a later version of the rotary actuator.  
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FIGURE 05
Rotary actuator drive system.  

Sensors

Joint angle position

Force Feedback Mechanism

Robot manipulator arms are precise when it comes to movement, yet are poor at sensing applied force.  When a manipulator arm is exposed to an object either intentionally or unintentionally, it has no way of sensing the applied force unless equipped with a force sensor.  Force sensors are used to regulate arm motion, but may also be used to deal with contact forces.  In order to overcome this shortfall in our robot arms, force sensing resistors (FSR) have been imbedded within the rotary SEA to provide sufficient force feedback.  

The static mechanics in figure 06 are as follows:

· The motor is rigidly attached to link A.

· ‘A’ is rigidly attached to the motor shaft.

· ‘B’ is rigidly attached to link B.

· Two FSR are rigidly attached to opposite sides of the inner wall of ‘B’.

· Both ends of the spring are rigidly attached the individual FSR surfaces.

Note that the motor shaft will not be attached directly to ‘A’.  A pulley system will interface between ‘A’ and the motor shaft thereby increasing output torque.
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FIGURE 06
Series elastic actuator (SEA) with motor.

Now, a dynamic description of figure 07:

· Normal Operation:

· When the motor rotates, ‘A’ and ‘B’ are coincident and will rotate together.

· “Joint Overload” Operation:

· When the motor rotates, ‘A’ will rotate yet resisting force on link B will not allow ‘B’ to rotate.  Therefore, the spring will compress.

· When the spring compresses, the FSR senses a change in force applied.  This change in applied force is linearly related to the change in rotation between ‘A’ and ‘B’.

[image: image6.png]Change in Change in
rotation rotation






FIGURE 07
Dynamic description of revolute SEA.

Electronics

WristA





ElbowB





ElbowA





ShoulderB





ShoulderA





Z5





X5





Y5





Z3





X3





Y3





X4





Y4





Z4





X2





Y2





Z2





Z1





X1





Y1





{5}





{4}





{3}





{2}





{1}








_1045414682.xls
Sheet1

		Joint		Max Torque		Max Speed		Range of Motion

				(Nm)		(rpm)		(degrees)

		ShoulderA		14.00		10		120

		ShoulderB		14.00		10		90

		ElbowA		10.00		20		90

		ElbowB		10.00		10		120

		WristA		1.00		20		180






_1045964470.xls
Sheet1

		Joint		Voltage		Stall Torque		Max Speed

				(volts)		oz in		(rpm)

		ShoulderA		24		320		120

		ShoulderB		24		320		120

		ElbowA		12		200		22

		ElbowB		24		320		120

		WristA		12		200		22






