Planetary Dexterous Manipulators

MicroArm IIA and MastArm Specification Sheet
General Information
MicroArm IIA and MastArm are two developmental models of an evolving robotic arm architecture developed for the Planetary Dexterous Manipulator's FY '98 task plan. The two arm will serve as payload items for the Exploration Technologies task's FIDO Rover vehicle. MicroArm IIA will serve as a small instrument arm, mounted in the frontal payload area of the rover. Payload for this arm consists of up to three separate instruments, including micro-imagers and spectrometers, as well as a small brush and a stowage restraint. MastArm will serve as a navigation and science mast, mounted along the rear of the vehicle. Payload for this arm is all integrated optical instrument head that includes two (2) navigation cameras, two (2) color science cameras, and the optical head for an IR spectrometer. The following information serves as a technical breakdown of the design, construction, and capabilities of MicroArrn IIA and MastArm.

Configuration and .Joint Design

Since one of the goals of the PDM FIDO deliverable was to share common design between the two arms, the overall configuration of each of the arms is quite similar. In addition, there are several similarities to the configuration of the two FIDO arms when compared to previous PDM developments, such as MicroArms I and II. Each arm consists of 4 separate degrees of freedom: a shoulder yaw at the base, shoulder pitch, elbow pitch, and wrist pitch. These joints are connected by means of two graphite epoxy tube links with a 1.5" outer diameter. In the case of MastArm, the links were configured in an over-and-under approach, with the elbow-to-wrist link lying directly on top of the shoulder-to-elbow link. In the case of MicroArrn II, the links were configured in a side- by-side orientation, with the two links running directly next to each other.

With the exception of some minor differences, MicroArm IIA and MastArm share common joint configurations. Two distinct types of joint design are used throughout each system. The first is a yoke and clevis joint, which was based of a similar joint design used in MicroArm II. This joint consists of a stationary clevis which houses the actuator and gear train and a yoke which surrounds the clevis on both sides and provides the output of the joint. The second joint configuration is an internal stator arrangement. In this configuration, the stator hardware remains on the interior of the joint, while the rotor output rides on the outside. The yoke and clevis joint was used on the shoulder, elbow, and wrist pitch joints of the MastArm as well as the shoulder and wrist pitch joints of MicroArm IIA. The internal stator arrangement was used in the shoulder yaw joint of both arms as well as the elbow pitch joint of MicroArm IIA.

This year's joint configurations also drew experience from the wrist joint design of

MicroArm II. In this design, the joint's multi-turn potentiometer was mounted externally to the joint stator and was driven by the rotor through a Delrin spur gear reduction. This potentiometer configuration was considered superior to the conventional internal one-turn pot configuration in two respects: first, the multi-turn pot driven by a gear reduction provides greater angular resolution over the joint's range of motion, and second, moving the potentiometer to the outside of the joint increased the volume inside the joint structure available for cabling. This was critical due to the considerable increase in complexity of the payload items being integrated to this year's arms. The increased ability to internally cable the joints is considered an important advance that is critical to the flight development of similar arms. This increase in internal volume did not come at an increase in overall joint size, however. In fact, the outer joint diameter was decreased 12% to 2.375" when compared to last year's MicroArm II.

Joint Components and Specifications
The following is a technical breakdown of the joint hardware and specifications. It includes fabricated as well as procured hardware.

Joint Structure
The FIDO vehicle's main purpose is to serve as a workhorse test-bed for field test operations. The vehicle would be in the field for several weeks at a time, sometimes in harsh terrain and weather conditions. Because of this, a very robust design was necessary for both MicroArm IIA and MastArm. In the development of the previous MicroArms, 3- dimensional machinable graphite epoxy was used for joint structure. In lieu of the need of greater payload capacity and the sometimes severe field test conditions, it was determined that a switch to a metal joint structure was required. For fabricated hardware, Aluminum 7075- T7 was used to create the joint structures, housings, driveshafts, and extraneous fixtures. 300 series stainless steel was used in cases where significant loading was present. 

Actuator
The workhorse of the MicroArm and MastArm joint is the MicroMo 1319 motor. To this is added a 66: 1 integral planetary gearhead for gear reduction. An integral magnetic encoder with 15 counts per revolution is also included as part of the actuator. Below is a brief synopsis of the actuator's key specifications:

motor: 


Micro Mo 1319

gearhead: 

Micro Mo 14/1 66:1 planetary gear reduction

encoder: 

Micro Mo HEM 1319 15 CPR magnetic encoder

operating voltage: 
15 V

no load speed: 
16,100 RPM

stall torque: .

506 oz-in

armature resistance: 
35 ohms

Gear Reduction
Additional gearing is needed past the actuator to meet the significant torque requirements of the MicroArm and MastArm. In each of the joints, this is accomplished through the use of harmonic drive gear reduction units. For each shoulder yaw joint, the actuator runs directly into a 100: 1 harmonic drive gear reduction. This is similar for both wrist joints. Larger torque requirements exist for the shoulder and elbow pitch joints, however. To accomplish these tasks, an additional 3: 1 bevel gear reduction is used before the harmonic drive to increase the overall output torque. Below is a synopsis of the torque specifications and functionality for each joint. Both MicroArm llA and MastArm exhibit the same joint torque characteristics.

Gear Reduction Specifications
Shoulder Yaw
gear-train: 
Micro-Mo 1319 w/ 66:1 planetary gearhead into 100:1 harmonic drive

harmonic drive: 
Harmonic Drive Systems, PIN CSF-14, 100:1 reduction

total gear reduction:
6600: 1

joint stall torque: 
105 in-lb.

 no-load output speed: 2.44 RPM

Shoulder Pitch
gear-train: 
Micro-Mo 1319 wi 66: 1 planetary gearhead; 3: 1 bevel gear reduction; 100: 1 harmonic drive

bevel gear reduction: 
1.500" bevel gear, .500" bevel pinion, Al 7075

harmonic drive: 
Harmonic Drive Systems, PIN CSF-14, 100:1 reduction

total gear reduction: 
19800: 1

joint stall torque: 
308.7 in-lb.

no-load output speed: 
.813 RPM

Elbow Pitch

gear-train: 

Micro-Mo 1319 wi 66: 1 planetary gearhead; 3: 1 bevel gear

reduction; 100: 1 harmonic drive

bevel gear reduction: 
1.500" bevel gear, .500" bevel pinion, Al 7075

harmonic drive: 
Harmonic Drive Systems, PIN CSF-14, 100: 1 reduction

total gear reduction: 
19800: 1

joint stall torque: 
308.7 in-lb.

no-load output speed: 
.813 RPM

Wrist Pitch
gear-train: 

Micro-Mo 1319 wi 66: 1 planetary gearhead; 100: 1 harmonic drive

bevel gear reduction: 
1.500" bevel gear, .500" bevel pinion, Al 7075 I

harmonic drive: 
Harmonic Drive Systems, PIN HDUC-11, 100: 1 reduction

total gear reduction: 
6600: 1

joint stall torque: 
90 in-lb.
no-load output speed: 
2.44 RPM

Performance Specifications
Below are listed general performance specifications for both MicroArm llA and MastArm, including mass, lifting capacity, range of motion, etc.

MicroArrn llA
arm mass: 


2.35 kg

payload mass (est.): 

2.00 kg

total extended length: 
22.0" (.558 m) (from base to centerline of wrist pitch rotation)

strong-arm lifting capacity: 
10.7 lb. at wrist, (4.86 kg) - arm fully extended horizontally

positional accuracy: 

2 mm

potentiometer: 

0k.Q 10-turn externally mounted pot

potentiometer gear reduction: 3.27: 1 - sh. yaw, sh. pitch, el. pitch; 2.73: 1 - wr. pitch

encoder accuracy: 

15 CPR

joint material: 


Al 7075- T7

link material: 


fabricated .035" thk. graphite epoxy tubes 1.5" OD

cable routing: 


internal, connectors at each joint

cable capacity: 

fifty-five (55) 26 A WG Teflon insulated wires

lubrication: 


SK-2 harmonic drive grease

nominal operating voltage: 
15 V

sh. ya'y.' range of motion: 
+1- 180 deg.

sh. pitch range of motion:
0 - 180 deg.

el. pitch range of motion: 
0 - 180 deg.

wr. pitch range of motion: 
+1- 115 deg. (limited by cross-over bracket)

MastArm
arm mass: 


2.42 kg

payload mass (est.): 

1.00 kg

total extended length: 
56.584" (1.44 m) (from base to centerline of wrist pitch rotation)

strong-arm lifting capacity: 
3.90 lb. at wrist, (1.8 kg) - arm fully extended horizontally

positional accuracy: 

4-5 mm

potentiometer: 

10kO, 10-turn externally mounted pot

potentiometer gear reduction: 3.27: 1 - sh. yaw, sh. pitch, el. pitch; 2.73: 1 - wr. pitch

encoder accuracy: 

15 CPR

joint material: 


Al 7075- T7

link material: 


fabricated .035" thk. graphite epoxy tubes 1.5" OD

cable routing: 


internal, connectors at each joint;

cable capacity: 

fifty-five (55) 26 A WG Teflon insulated wires

lubrication: 


SK-2 harmonic drive grease

nominal operating voltage: 
15 V

sh. yaw range of motion: 
+/- 190 deg.

sh. pitch range of motion: 
0 - 180 deg.

el. pitch range of motion: 
0 - 180 deg.

wr. pitch range of motion: 
+/- 115 deg. (limited by cross-over bracket)
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