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1. OVERVIEW

This manual contains important operating information and safety precautions on the operation,
maintenance, care and trouble shooting of your Advanced Robotic Manipulator (ARM).

BEFORE OPERATING THE ARM, READ THIS MANUAL IN ITS
ENTIRETY!

Look for this symbol to indicate important safety p recautions and warnings.
This symbol indicates “Be alert! Your safety is at risk!”

A DANGER indicates a hazard which, if not

avoided, will result in death or serious injury.

A WARNING indicates a hazard which, i not

avoided, could result in death or serious injury.

A CAUTION indicates a hazard which, if not

avoided, might result in minor or moderate
injury.

2. SAFETY

2.1 OPERATOR’S RESPONSIBILITIES

Carefully read and follow the rules for safe operation.

Inspect the unit.

Make sure that the operator of the unit knows how to correctly use all standard and accessory
equipment.

Operate the unit only with guards, shields, and other safety items in place and working correctly.
Service the unit only with authorized or approved replacement parts.

2.2 BE CONSCIOUS OF THE ENVIRONMENT

Keep equipment in efficient operating condition.
Dispose of used components properly.
Operate in clear area.

2.3 SAFETY RULES

2.3.1 Safety Rules: General Operation

1) Read, understand and follow all instructions in the Operator’'s Manual, on the machine and with any
attachments or accessories before starting.

2) Only allow responsible adults, who are familiar with the instructions, to operate the unit.

3) Be sure the area is clear of other people before operating.

4) Stop the machine if anyone enters the area.

5) Never leave a machine unattended with the power on. Always stow the unit and turn off power before leaving
the machine.

The information contained in this document is tbke property of Invenscience LC. Any reproductiompart or
whole without the written permission of Invenscien« is prohibited. All rights reserve®. 2011.



Page: 6 Document Number: 101962 Operator’'s Manual
Date: 04/01/2011 Total Pages: 15 ARM 2.0

6) Turn off power to attachment(s) when transporting or not in use.

7) Always wear eye protection when you make an adjustment or repair to the machine.

8) Do not operate this machine if you are taking drugs or other medication which can cause drowsiness or affect
your ability to operate this machine.

9) Do not use this machine if you are mentally or physically unable to operate this machine safely.

10) Keep away from moving parts as numerous pinch points exist.

WARNING: Numerous pinch points exist on the machine . Do not touch the arm or related mechanisms
while the machine is powered on or moving. Tragica  ccidents can occur involving loss of limb or
appendage.

2.3.2 Safety: Children

' Tragic accidents can occur if the operator is not a lert to the presence of children. Children are
often attracted to the machine. NEVER assume that ¢ hildren will remain where you last saw them.

Keep children out of the operating area and in the watchful care of another responsible adult.
Be alert and turn the unit off if children enter the area.
Never allow children to operate the machine. Instruct children in the potential dangers of the machine.

2.3.3 Safety: Service
Keep all nuts and bolts tight. Inspect the unit frequently for wear or damage. Damaged components must be
immediately replaced with original equipment parts from an authorized service center. Keep the equipment in
good condition.
Never tamper with the safety devices. Check their proper operation regularly.
Stop and inspect the equipment if the vehicle strikes an object. Repair, if necessary, before restarting.
Never make adjustments or repairs with the unit on.
Wait for all movement to stop before servicing any part of the unit.

3. OPERATION

3.1 CLOSED-LOOP CONTROL THEORY OF OPERATION

The ARM 2.0 uses a distributed control solution based on intelligent actuators. Each actuator has its own
processor and closed loop PID controller to maintain whatever position it receives as pwm (pulse width
modulated) signal on its input cable. Each joint has control signal line. A particular duty cycle will correlate
to a particular position for each joint. The input signal is a 5V level referenced to ground. The joint will hold
the commanded position until the input signal changes. If power is lost, the joint will hold position it had
achieved when power was lost.

The information contained in this document is tbke property of Invenscience LC. Any reproductiompart or
whole without the written permission of Invenscien« is prohibited. All rights reserve®. 2011.
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Figure 1 RC PWM Signal

This type of control scheme works well where the ARM 2.0 will be computer controlled. Where the arm will
be joystick controlled, a different variant of the ARM 2.0 is recommended that is velocity controlled which is
more intuitive for human operators.

3.2 CONTROLS
The supplied controls consist of a power button. Commands for ARM 2.0 movement may be supplied by:

Servo Sequencer Board
PWM signal input at master connection port

3.2.1 Power Button

The ARM is equipped with a master power button that is illuminated green when on. A long press of the
center of the button turns the system on (1 second hold). The button is located on top of the control box on
the baseplate of the arm Figure 2: Power Button. The system is turned off also with a long press
(approximately 2 seconds). Turning this switch off cuts power to all servos, but the processor remains on.
The ARM will hold position with the power off. Alternatively, power may be turned on or off remotely via
signals in the master connection port. The connection must be connected to ground for 1 second and then
released to allow the system to power on and must again be connected to ground for 2 seconds and then
released to allow the system to power off. See section 4.3 Electrical Connections in this manual.

The information contained in this document is tbke property of Invenscience LC. Any reproductiompart or
whole without the written permission of Invenscien« is prohibited. All rights reserve®. 2011.
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Power Button

'Figure 2. Power Button
3.2.2 Servo Sequencer

The Servo Sequencer can operate the arm in the following ways:
Pre-installed program for joint range demonstration and verification.
Via PC by USB connection to the Servo Sequencer and using the GUI to control servo travel,
speed, and acceleration.
Stand alone cycling of arm with a custom program (untethered).
Via commands and subroutines that may be called from a PC.

3.2.2.1 Pre-Installed Demo Program

For out of the box testing and verification, the ARM 2.0 is provided with a pre-programmed Servo
Sequencer. The program on the Sequencer will move each joint individually through its full range of motion.
Since the Sequencer begins cycling the program once it receives power, it is shipped with the system, but
not installed. This prevents unintentional movement and damage of the system on initial power application.

Figure 3: Servo Sequencer Installation

The Servo Sequencer is a Pololu Micro Maestro PN 1350. It is packaged with the ARM 2.0 in a static bag.
Once the ARM 2.0 has been securely mounted and test powered, the Servo Sequencer can be installed.
To install it:
1. Turn off the power (long press on green button).
The information contained in this document is tbke property of Invenscience LC. Any reproductiompart or

whole without the written permission of Invenscien« is prohibited. All rights reserve®. 2011.
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Disconnect main power supply at Master Connection Port.

Remove the cover of the electronics enclosure (4 screws).

Slide the Servo Sequencer into the matching sockets on the board marked “Pololu”.
Re-install enclosure cover.

Re-connect power at Master Connection Port.

Turn on power (long press of power button).

. Stand clear to allow arm movement.

After each power up, the Servo Sequencer will follow the same program.

ONoOOrWODN

3.2.2.2 PC Connection to Servo Sequencer
The Servo Sequencer provides a number of control options and customizations when connected to a PC
via its mini USB port. Software for connection to the Servo Sequencer can be downloaded at:

http://www.pololu.com/file/0J266/maestro_windows 100706.zip

A new program for the servo sequencer may be downloaded via USB from a PC and can then enable the
ARM 2.0 to perform repetitive tasks without being tethered to a PC. After a short installation of the drivers,
it will be possible to control and limit the travel of each joint. Speed limits and accelerations can also be set
for each joint. Movements of each joint can be done by moving a slider bar in the software.

3.2.2.3 Servo Sequencer Untethered

It is possible to create a series of positions of the joints of the arm using the Servo Sequencer software and
then save these steps with timing and delay to the flash on the Servo Sequencer. Once this is done, the PC
can be disconnected from the USB port on the Servo Sequencer and the ARM 2.0 will follow the program in
a repeating cyclic fashion until powered off. For programming details and instruction for the Servo
Sequencer, an instruction manual can be downloaded at:

http://www.pololu.com/docs/0J40

3.2.2.4 PC Commanded Subroutines

The Servo Sequencer also contains subroutines that can be called from a program running on a PC that is
connected to the Servo Sequencer via USB. For details on this option, please refer to the instructions in the
manual for the Servo Sequencer at:

http://www.pololu.com/docs/0J40

3.2.3 Control Signal Input

The ARM is intended to be controlled by digital signals from a computer, microcontroller, signal generator,
servo controller, or RC radio. Any device capable of generating a 20 ms period square duty cycle
modulation at a 5V level can be used to control the arm. If the Servo Sequencer board has been installed, it
will be necessary to remove it before sending command signals into the Master Control Port (MCP). For
pinout of the MCP, see 4.3. Failure to do this may result in strange and unexpected operation and may
damage the Sequencer and / or PC or other signal source. See section 3.2.2.1 for removal instructions.

CAUTION: Never supply signals to the Master Control Port with the Servo Sequencer installed.

3.3 RANGE OF MOTION

Each joint is identified as a Degree of Freedom (DOF) with a number. DOF 1 is the first degree of freedom
and is the rotation of the assembly about its mounting plate. The sequence continues in order up the arm.

The information contained in this document is tbke property of Invenscience LC. Any reproductiompart or
whole without the written permission of Invenscien« is prohibited. All rights reserve®. 2011.
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3.3.1 DOF1
DOF 1 is the first rotation joint at the base of the arm. It uses a variant of the Torxis rotary servo and
provides approximately 250 degrees of travel

3.3.2 DOF2
DOF 2 is the “shoulder” lift joint and uses a Torxis linear servo to raise and lower the entire arm assembly.
Range of travel is approximately 135 degrees.

3.3.3 DOF3
DOF 3 is the “elbow” joint and uses a Torxis linear servo to raise and lower the “forearm” assembly. Range
of travel is approximately 135 degrees.

3.3.4 DOF4
DOF 4 is the “wrist flex” joint and uses a Torxis linear servo to raise and lower the “wrist” assembly. Range
of travel is approximately 50 degrees.

3.3.5 DOF5
DOF 5 is the “wrist rotate” joint and uses a standard RC servo to rotate the gripper assembly. Range of
travel is approximately 270 degrees.

3.3.6 DOF6
DOF 6 is the gripper which uses a standard RC servo to open and close the gripper fingers.Torxis linear
servo to raise and lower the “forearm” assembly. Range of travel is approximately 60 degrees.

3.4 PAYLOAD

The maximum allowable payload for the ARM is 10 pounds at full extension.
More weight can be lifted at a shorter radius.

3.5 STOWING
Properly stow or snub the unit when shipping or transporting on vehicles.

4. INTERFACES
This section details the critical electrical and mechanical interfaces for the ARM 2.0.
4.1 MOUNTING

Do not operate the ARM 2.0 without having is securely mounted.

WARNING: Do not operate the machine without having it securely mounted. Failure to do so may result in

injury or damage to the ARM 2.0. Numerous pinch poi  nts exist on the machine. Do not touch the armorr  elated
mechanisms while the machine is powered on or movin g. Tragic accidents can occur involving loss of lim b or
appendage.

See Figure 4: Mounting Interface for mounting interface details.

The information contained in this document is tbke property of Invenscience LC. Any reproductiompart or
whole without the written permission of Invenscien« is prohibited. All rights reserve®. 2011.
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Figure 5: Mounting Interface Picture
4.2  SUPPLY POWER

The ARM requires 10A @ 12VDC for operation. The system is protected against reverse polarity
connection. The system is reasonably tolerant of voltage transients on the 12V line.

4.3 ELECTRICAL CONNECTION

The following table is a pin out diagram for the Master Control Port (See Figure 6: Master Control Port).

The Master Controller Port is a Conxall Connector 14282-18PG-300 (Invenscience PN i01910). The mate
for this connector is 13282-18SG-326 (Invenscience PN i01911).

The information contained in this document is tbke property of Invenscience LC. Any reproductiompart or
whole without the written permission of Invenscien« is prohibited. All rights reserve®. 2011.
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This view is shown from wire entry on the bulkhead connector side. A clear bump can be seen next to pin 1

Master Control Port

Figure 6: Master Control Port

le— 0063 [1.6] TvF,

0.123 [3.1] TYP.

12

f=— D188 [4.7] TYR.
0.247 [6.3] TYP.

3 — 0,216 [5.5] TYP.

r 0107 [2.7] TR

Figure 4: Master Control Port

when viewed from the pin side.

Master Control Port Pinout
Pin | Signal Comments
# | Description
1 | PWR_12V System power, multiple pins
2 | DOF5_PWM 5V PWM signal referenced to ground for DOF5 (wrist rotate)
3 | DOF_3 PWM 5V PWM signal referenced to ground for DOF3 (elbow joint)
4 | DOF_1 PWM 5V PWM signal referenced to ground for DOF1 (waist rotate joint)
5 | GND_12Vv System ground for power and signal
6 | GND_12Vv System ground for power and signal
7 | PWR_12V System power, multiple pins

The information contained in this document is tbke property of Invenscience LC. Any reproductiompart or
whole without the written permission of Invenscien« is prohibited. All rights reserve®. 2011.
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8 | ON_SW Power on/off. Connection to ground for 1-2 seconds will initiate power on or off.
9 | CNTRL_SPR_2 | Control Spare 2, useful for camera signals etc, jumper in enclosure allows access
to cables on ARM.
10 | CNTRL_SPR_3 | Control Spare 3, useful for camera signals etc, jumper in enclosure allows access
to cables on ARM.
11 | PWR_12V System power, multiple pins
12 | DOF_6_PWM 5V PWM signal referenced to ground for gripper function
13 | DOF_4 PWM 5V PWM signal referenced to ground for DOF4 (wrist flex)
14 | DOF_2_PWM 5V PWM signal referenced to ground for DOF2 (should lift)
15 | GND_12Vv System ground for power and signal
16 | GND_12Vv System ground for power and signal
17 | PWR_12V System power, multiple pins
18 | CNTRL_SPR_1 | Control Spare 1, useful for camera signals etc, jumper in enclosure allows access
to cables on ARM.
4.4  AUXILIARY POWER CONNECTIONS

An auxiliary signal cable feeds from the circuit board in the enclosure to the wrist/gripper area of the ARM
2.0. This is useful for sensors, cameras etc that may be added by the end customer. These signals can be
connected either to 5V, 12V, Ground, or the 3 spares that make the signals available at the Master
Controller Port (See Figure 6: Master Control Port). Standard slide on jumpers for 0.1 inch pitch headers
will work to make the connections.

5.

5.1

Figure 5: Auxiliary Jumper Location

MAINTENANCE

There are no routine maintenance points.

ACCESS PANELS

The controls of the arm are housed inside the electronics enclosure. This can be opened by
removing the four screws on the top of the enclosure. See Figure 6: Enclosure Lid Removal for

details.

The information contained in this document is tbke property of Invenscience LC. Any reproductiompart or
whole without the written permission of Invenscien« is prohibited. All rights reserve®. 2011.




Page: 14 Document Number: 101962 Operator’'s Manual
Date: 04/01/2011 Total Pages: 15 ARM 2.0

Figure 6: Enclosure Lid Removal

WARNING: Never operate the unit without all covers, guards and panels properly installed.

5.2 ENVIRONMENTAL LIMITATIONS

Although provisions have been taken to protect the ARM 2.0 against occasional exposure to splashing
water, it is recommended that prolonged exposure to rain, snow, long term UV radiation and extreme
temperatures be minimized. This will improve the usable life of the ARM 2.0.

6. TROUBLE SHOOTING

6.1 ARMDOESNOT MOVE WHEN POWERED

6.1.1 Check the power switch
Switch should illuminate when powered and on. If switch does not illuminate when pressed for
several seconds, check source.

6.1.2 Check for multiple simultaneous input signals
Be sure that the Servo Sequencer is not installed when you are send a command through the
master command port.

6.1.3 Check for loose connections
Check for loose wires or connections.

6.1.4 Check to be sure that the unit is not physica lly jammed against something
6.1.5 Check for physical damage to the unit

If this does not resolve the issue, more serious problems may exist. Consult Invenscience LC at 435-753-
2689 or on the web at www.invenscience.com.

The information contained in this document is tbke property of Invenscience LC. Any reproductiompart or
whole without the written permission of Invenscien« is prohibited. All rights reserve®. 2011.
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1. WARRANTY

Invenscience LC warrants to the original purchaser that this unit shall be free from defects
in material and workmanship under normal use and service for a period of 90 days or 30
hours of run time whichever occurs first.; Subject to the terms and conditions noted in this
Limited Warranty, we shall, at our option, repair or replace at no cost to the original
purchaser any part covered by this Limited Warranty during the applicable warranty period.
No claims involving damage caused from material use, abuse or misuse will be honored.

This Invenscience LC Limited Warranty is your exclusive remedy; however, this warranty
is void or does not apply to any unit that has been tampered with, altered, misused, abused
or used for rental or other commercial and/or professional (non—homeowner) uses. Your
warranty does not cover minor mechanical adjustments which are not due to any defect in
material or workmanship. For assistance in making such adjustments, consult your
Operator’'s Manual.

To make a claim under this Invenscience LC Limited Warranty , return the unit (or if
authorized in advance, the defective part) along with your proof of purchase to Invenscience
LC at 2340 S. Heritage Driver, Nibley UT 84321. If you return the entire unit, we will repair
the unit. If we authorize the return of the defective part only, we will either replace or repair
the part.

This Invenscience LC Limited Warranty  gives you specific legal rights, and you may also
have other rights which vary from state to state. This Limited Warranty is given in lieu of all
other expressed and implied warranties including the implied warranty of merchantability
and warranty of fitness for a particular purpose. If you need additional information on this
written warranty or assistance in obtaining service, call: INVENSCIENCE LC,1-435-753-
2689 (435-753-BOTZ)

The information contained in this document is tbke property of Invenscience LC. Any reproductiompart or
whole without the written permission of Invenscien« is prohibited. All rights reserve®. 2011.



