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1.0 Warnings

1.1 Electro Static Discharge (ESD)

The EBF3 Manipulator utilizes three brushless DC motors. Each motor is sensitive to electro-static shock, and the entire system should be handled accordingly. The Hall Sensors and Encoders are especially sensitive to ESD. Standard ESD practices should be maintained when working with the Manipulator.
1.2 Manipulator Self Damage

The joint axes of the EBF3 Manipulator each have a single hardstop and limit switch, allowing unlimited rotation in one direction. End of travel limits or collision detection routines need to be built into any software used to command the manipulator. 
The Z-Axis linear stage has built in limit switches to prevent over-travel. These switches should be used at all times to prevent damage to internal linear stage components.
1.3 Z-Axis Brake

The Z-Axis brake is a power-off brake which prevents motion of the Z-Axis in the un-powered state. Power must be applied to the brake before motion of the Z-Axis is performed in order to prevent damage to the brake.

1.4 Transporting the Manipulator

DO NOT lift the manipulator by the robotic joints

DO NOT lift the manipulator by the Z-Axis sliding platform

DO NOT lift the manipulator by the Z-Axis motor shield

DO NOT lift the manipulator by the Joint motor shields

DO NOT lift the manipulator by any cabling or cable guard

DO lift the manipulator by the baseplate

DO lift the manipulator by the Z-Axis linear actuator housing
2.0 System Overview
2.1 Key Features

2.1.1 Electron Beam Gun Mount

To attach the Electron Beam (EB) Gun, the four (4)  #10-32 Socket Head Cap Screw fasteners need to be removed, and the outer “clamshell” detached. 

The recess on the top surface of the EB Gun Mount acts as both a centering feature and a rotational alignment feature for the EB Gun. 

Six (6)  #8-32 threaded holes are available on the top surface of the EB Gun Mount for attaching the EB Gun.

[image: image18.png][image: image19.png]



[image: image20.png]


[image: image1.jpg]¢ A,!.\





2.1.2 Electron Beam Gun Cable Tie-Down Fence

The EB Gun Cable Tie-Down Fence consists of an alignment feature for the cable, as well as four 3/16”  [4.76 mm]  diameter holes which can be used to strain relieve the EB Gun cable.
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2.1.3 Z-Axis Over-Travel Limit Switches
Two limit switches prevent over-travel of the Z-Axis linear actuator. These switches must be used in order to prevent damage to the linear actuator.
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2.1.4 Azimuth and Elbow Limit Switches
Two limit switches prevent over-travel in one direction of the Azimuth and Elbow joints. These switches also define the home position of each joint.
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2.1.5 Azimuth and Elbow Hard Stops

A spring loaded plunger on the Azimuth and Elbow joints acts as a safety precaution against joint over-travel and limit switch failure. If during a homing routine or standard motion, a joint limit switch is disabled or non-functional, the spring loaded plunger will compress once the joint passes it’s nominal home position. The joint will then hard stop against a rotational hard stop, preventing further motion. The plunger prevents damage to the switch in this situation. During normal operations, the spring preload on the plunger is large enough to engage the switch without moving the plunger.
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2.1.6 Baseplate Mounting
The baseplate included with the EBF3 manipulator is for shipping and test purposes. The manipulator can be mounted to any surface with the same bolt pattern. To remove the baseplate, simply remove the six (6) 5/16-24 Fasteners. If the EB Gun is not installed on the end of the manipulator, the system can stand on it’s own by placing it upright. It is recommended that the EB Gun be removed prior to removal of the baseplate, or installation of the system onto another baseplate.
2.1.7 Electrical Connectors

The electrical connectors do not have a mounting flange bracket.

2.2 System Actuator Specifications

Catalog specification sheets for all actuators can be found in the Appendix.

2.2.1 Z-Axis Motor
	Component
	Specifications

	Motor
	Manufacturer:  Maxon Precision Motors

Motor Type:  EC40  120 Watt  Brushless DC Motor

Part Number:  167178
Nominal Voltage:  24 V

Maximum Permissible Speed:  8000 RPM

	Gearhead
	Manufacturer: Maxon Precision Motors
Gearhead Type:  GP 42 C  Planetary Gearhead

Part Number:  203123

	Encoder
	Manufacturer:  Maxon Precision Motors
Encoder Type:  HEDL 5540

Part Number:  110516


2.2.2 Z-Axis Brake

	Component
	Specifications

	Brake
	Manufacturer:  Danaher Motion / Deltran
Part Number:  BP-17-B24-E06S

Description:  Power-Off Brake

Nominal Voltage:  24 V


2.2.3 Azimuth Joint Motor
	Component
	Specifications

	Motor
	Manufacturer:  Maxon Precision Motors

Motor Type:  EC32  80 Watt  Brushless DC Motor

Part Number:  118889

Nominal Voltage:  24 V

Maximum Permissible Speed:  8000 RPM

	Gearhead
	Manufacturer: Maxon Precision Motors

Gearhead Type:  GP 32 C  Planetary Gearhead

Part Number:  166936

	Encoder
	Manufacturer:  Maxon Precision Motors

Encoder Type:  HEDL 5540

Part Number:  110514


2.2.4 Elbow Joint Motor
	Component
	Specifications

	Motor
	Manufacturer:  Maxon Precision Motors

Motor Type:  EC32  80 Watt  Brushless DC Motor

Part Number:  118889

Nominal Voltage:  24 V

Maximum Permissible Speed:  8000 RPM

	Gearhead
	Manufacturer: Maxon Precision Motors

Gearhead Type:  GP 32 C  Planetary Gearhead

Part Number:  166936

	Encoder
	Manufacturer:  Maxon Precision Motors

Encoder Type:  HEDL 5540

Part Number:  110514


2.3 Recommended Input Parameters
The following parameters have been tested, and are recommended for normal use. If higher speed, acceleration or motor current limits are required, please consult Honeybee Robotics.

	Parameter
	Value
	Resulting Output

	Z-Axis Motor Speed
	4900 RPM  (29,400 deg/sec)
	Approximately 0.5 in/sec

	Z-Axis Acceleration
	294,000 deg/sec2
	Approximately 5 in/sec2

	Z-Axis Motor Current Limit
	4.0 Amps Continuous
5.0 Amps Peak
	N/A

	Azimuth Motor Speed
	1,600 RPM  (9,600 deg/sec)
	Approximately 1 in/sec

	Azimuth Motor Acceleration
	48,000 deg/sec2
	Approximately 5 in/sec2

	Azimuth Motor Current Limit
	0.40 Amps Continuous

0.50 Amps Peak
	N/A

	Elbow Motor Speed
	3,200 RPM  (19,200 deg/sec)
	Approximately 1 in/sec

	Elbow Motor Acceleration
	96,000 deg/sec2
	Approximately 5 in/sec2

	Elbow Motor Current Limit
	0.40 Amps Continuous

0.50 Amps Peak
	N/A


3.0 Mechanical & Electrical Interface Specifications

3.1 Mechanical Interface

3.1.1 Electron Beam Gun Mount

See Appendix for a larger version of this interface drawing
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3.1.2 Baseplate Bolt Pattern

See Appendix for larger version of this drawing

[image: image9.png]6X 5/16-24 UNF - 2B

.000 [0.00 mM] £.063 [103.19 MM] 5.500 [139.70 Mm]

£4.125 [104.78 MM]
£.000 [101.60 MM]

438 [11.11 MM]

- ——.000 [0.00 mM]

438 [11.11 MM]

£.000 [101.60 MM]
£4.125 [104.78 MM]

.000 [0.00 mM] £.063 [103.19 MM] 5.500 [139.70 Mm]





3.2 Electrical Interface

There are four 15 pin D-Sub Miniature connectors which provide an electrical interface with the manipulator. The wiring diagram for these connectors are as follows. 

Note:  

JC1 Corresponds to the Azimuth Joint

JC2 Corresponds to the Elbow Joint
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4.0 Software Input Parameters
4.1 Joint Home Position & Link Lengths
In order to command a desired Cartesian Coordinate position of the EB Gun, the home position needs to be known, as well as the center to center distances of the joints. The following dimensions were determined using a Coordinate Measurement Machine (CMM). The exact home position varies slightly based on the variability of the joint limit switches. These values were determined using averages from several homing routines.

For these measurements, the front face of the Z-Axis Drivetrain Housing was used to define the direction of the X-Axis. Although the angles are shown to be referenced from the baseplate, the baseplate itself was not used as a measurement coordinate frame.

The drawing below shows a simplified version of the EBF3 Manipulator, with many components removed for clarity.
These measurements were taken with a 25 lb weight attached to the EB Gun Mount.
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4.2 Joint Tracking Error

Tracking error was determined using a Coordinate Measurement Machine. Tracking error is defined as follows.
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A number of factors contribute to the overall tracking error of the EBF3 Manipulator. These factors are as follows.

1. Variability of Home Position

2. Deflection of the Mechanism & Fabrication Tolerances
3. Thermal Expansion

4.2.1 Variability of Home Position

Due to the nature of limit switches, the switch does not sense contact at exactly the same position every time it is used. This small variation causes a slight disparity in the center position of the EB Gun.
The home position of the center of the EB Gun can vary by as much as 0.004” in both the X and Y directions due to variability of the switch contact sensing location. This error can be described as a circle of diameter 0.004”, centered on the average home position of the EB Gun (Shown in Section 4.1). The location of the EB Gun center can fall anywhere within this circle.
These measurements were taken with a 25 lb weight attached to the EB Gun Mount.

4.2.2 Deflection of the Mechanism & Fabrication Tolerances
Torsional loading and beam bending cause the center position of the EB Gun to vary from the theoretical position. Fabrication tolerances also contribute to this error. This variation is predictable and repeatable, so it can be accounted for in the control software if desired. The EB Gun center location can vary as much as 0.014” on average due to deflection. The image below defines the coordinate system used.
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The table below shows average values of error in both the X and Y axes, measured using a Coordinate Measurement Machine, and compared to the theoretical position of the EB Gun center. Angles are defined from the home position, with positive angles defined as counter clockwise. Joint 1 = Azimuth Joint,   Joint 2 =  Elbow Joint. The origin is defined as the center of the Azimuth Joint. 
These measurements were taken with a 25 lb weight attached to the EB Gun Mount.
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4.2.3 Thermal Expansion
The manipulator links are made of Aluminum and will change length due to thermal expansion. Each arm link length will change by approximately 0.00016” per degree Celsius. If the joints are to be exposed to significant changes in temperature, this effect can be compensated for with software.

As an example, a 45° C change in temperature will result in a 0.0074” increase in the length of each arm length.
4.2.4 Total Tracking Error

Summing the effects of Home Position Variability and Deflection of the Mechanism, the total potential tracking error is 0.018”.
Changes in temperature will change the arm link length of each joint and will effect the total tracking error. This effect can be compensated for with software if the temperature of the joints is measured and used to calculate the arm link length in real-time. If it is expected that the joints will not see large changes in temperature (10’s of degrees C), then this effect is negligible.
4.3 Z Axis Reduction Ratio
The following parameters contribute to the overall reduction ratio of the Z-Axis

	Component
	Reduction Ratio

	Motor Gearhead Reduction
	73.5  to 1

	Spur Gear Reduction
	1.75  to 1

	Linear Actuator Ballscrew Lead (Pitch)
	20 mm [0.7874 in]   per Revolution

	Total Reduction Calculation
	73.5  x  1.75  x  (25.4 mm/inch)  x (1/20 revs/mm)

	Total Reduction (Exact)
	163.35375 Motor Revolutions to  1 inch   


4.4 Z Axis Length of Travel

In the delivered configuration, the maximum stroke of the Z-Axis is 5.540 inches [140.71 mm].
This stroke can vary slightly depending on whether the leaf springs of the Z-Axis limit switches are bent from the delivered configuration.
4.5 Azimuth Joint Reduction Ratio

The following parameters contribute to the overall reduction ratio of the Azimuth Joint

	Component
	Reduction Ratio

	Motor Gearhead Reduction
	576 / 25  to 1

	Harmonic Drive Reduction
	101  to 1

	Total Reduction Calculation
	(576 / 25) x 101 / 360°

	Total Reduction (Exact)
	6.464 Motor Revolutions per Output Degree

or

2327.04  to  1  


4.6 Elbow Joint Reduction Ratio

The following parameters contribute to the overall reduction ratio of the Elbow Joint

	Component
	Reduction Ratio

	Motor Gearhead Reduction
	576 / 25  to 1

	Harmonic Drive Reduction
	101  to 1

	Total Reduction Calculation
	(576 / 25) x 101 / 360°

	Total Reduction (Exact)
	6.464 Motor Revolutions per Output Degree

or

2327.04  to  1  


4.7 Joint Deflection vs. Angular Orientation of Elbow Joint
Due to torsional loading on the joint members, the “Z-Axis” location of the EB Gun mount varies with the angular position of the Elbow Joint relative to the home position. This is due to the manipulator arm experiencing added torsional loading as the Elbow Joint rotates away from it’s home position.

The following values were measured using a Coordinate Measurement Machine. Angular position is defined as the angle of the elbow joint from it’s home position. Deflection is measured from the outer-most edge of the EB Gun mount (Furthest away from the Elbow Joint).

These values may be used to calibrate the Z-Axis position of the EB Gun if such precision is necessary.

These measurements were taken with a 25 lb weight attached to the EB Gun Mount.

	Elbow Joint Angle
	Deflection in “Z-Axis”

	0°
	0.000 inch

	10°
	-0.007 inch

	20°
	-0.018 inch

	30°
	-0.028 inch

	40°
	-0.039 inch

	50°
	-0.044 inch

	60°
	-0.045 inch

	70°
	-0.043 inch
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