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Warning Labels

The following warning and caution labels are utilized throughout this manual to convey critical information
required for the safe and proper operation of the hardware and software. It is extremely important that all
such labels are carefully read and complied with in full to prevent personal injury and damage to the
equipment.

There are four levels of special alert notation used in this manual. In descending order of importance,
they are:

DANGER: This indicates an imminently hazardous situation, which, if not
avoided, will result in death or serious injury.

WARNING: This indicates a potentially hazardous situation, which, if not
avoided, could result in serious injury or major damage to the equipment.

CAUTION: This indicates a situation, which, if not avoided, could result in minor
injury or damage to the equipment.

NOTE: This provides supplementary information, emphasizes a point or
procedure, or gives a tip for easier operation
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Introduction to the Hardware

System Overview

System Description

The Guidance family of motion controllers incorporates a distributed control architecture that utilizes
Ethernet for real-time communication. Each motion controller on the network includes a motion/vision
processor and one or more optional motor drives. Up to 16 motion controllers can be placed on a single
network. The controllers can be wired in a daisy-chain topology to minimize the number of wires in a
machine although a star topology has certain advantages and is also supported.

The Guidance 3000 Controllers include integrated motor drives. They require an external 24 VDC supply
for the logic and 10 and a separate external motor power supply. The motor power supply voltage can
range from 24 VDC to 340 VDC, allowing a wide range of motor sizes and powers to be controlled. These
motion controllers are very compact and are intended to be placed near the point of use, which in many
cases means they will be installed inside the machine rather than in an external control cabinet. The 3000
Series includes a dual axis (Guidance 3200) and a four-axis (Guidance 3400) controller with integrated
drives. This controller can also be provided without the motor drives and only DAC channels to allow
control of up to 4 (Guidance 0004) or 6 (Guidance 0006) external amplifiers. For applications that require
slightly reduced functionality at a lower price, the Guidance 2000B and 2000C series of motion controllers
provide most of the same capabilities as the 3000 series. The Guidance 2000C can also be coupled to a
dual axis slave amplifier (Guidance 0200C) to produced an integrated 6-axis controller (Guidance
2600C). Since the Guidance 3400 Controller is the most general product and a superset of most of the
functionality contained in the other controllers, for simplicity, much of this document will focus on the 3400
model.

Motion axes can be grouped into “robots”, which are defined by a geometric (“kinematic”) model. A “robot”
has a master controller that executes the kinematic model and sends out axes position commands to any
slave controllers. The logical grouping of axes into robots is independent of the physical configuration of
the motion controllers. For example, two single-axis controllers and one four-axis controller can be
logically grouped into a six-axis robot, with one of the controllers designated as the master, and the other
two as slaves. Motion can also be coordinated among robots on the same network. For example a four-
axis robot can be coordinated with a two-axis robot.

Each Guidance Controller can have several types of peripherals attached to it. These include cameras,
remote 1/O, a hardware manual control pendant, and a remote front panel. Only one front panel is
required per networked group of controllers.

The controllers include a web based operator interface that is viewed via a standard browser. This
interface is used for configuring the system, starting and stopping execution, and monitoring its operation.
The web interface can be accessed over a local network or remotely via the Internet. This remote

Copyright © 2022, Brooks Automation, Inc. 9
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interface is of great benefit in system maintenance and debugging. It is highly recommended that first
time users read the Setup and Operation Quick Start Guide, PN 0000-DI-00010, for instructions on
interfacing a PC to a controller via the web interface and for general operating instructions.

The controllers are programmed by means of a PC connected through Ethernet. There are three
programming modes: a Digital IO (PLC) mode, an Embedded Language mode, and a PC Control mode.
When programmed in the PLC or Embedded Language mode, the PC can be removed after
programming is completed and the controller will operate standalone. A PC is required for operation in the
PC Control mode. For a complete description of the embedded language and its development
environment, please refer to the Guidance Programming Language, Introduction to GPL, PN GPLO-DI-
S0010 and the Guidance Development Environment, Introduction and Reference Manual, PN GDEO-DI-
S0010.

The controllers are designed to operate with an optional, easy-to-use machine vision software package,
"PreciseVision". This vision system can be executed in a PC connected through Ethernet or (in the
future) in the motion controller. It provides a complete set of image-processing, measurement, inspection
and object finder tools. For more information on vision, please refer to the PreciseVision Machine Vision
System, Introduction and Reference Manual, PN PVS0-DI-S0010.

System Diagram
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The Guidance 3000/2000 Series system block diagram is shown above.

The controllers can be configured to support Category 3 (CAT-3) safety applications where required. An
optional Front Panel will be available in the future that contains Category 3 (CAT-3) interlock circuitry as
well as a keyed auto/manual switch, a high power button, and an E-Stop button. This front panel is not
necessary for the system to operate. Users may wire their own E-Stop circuitry directly to a controller.

An Ethernet Switch on the the controller's IO board permits Ethernet cameras to be plugged directly into a
controller where they can be accessed locally by the motion processor or remotely by a PC.

All of the extensive communication features of the controllers are described in detail in the following
sections.

System Components

Guidance Controllers

All Guidance 3000/2000 Controllers include a 400Mhz high performance, low power CPU, at least 8MB of
dynamic RAM and at least 16MB of nonvolatile flash disk for storage of the OS, firmware and user
program and data. In addition, these units all include the following standard features: four dedicated
encoder inputs, four configurable encoder inputs, 12 general purpose optically isolated digital inputs, 8
general purpose optically isolated digital outputs, two RS-232 ports, two 10/100 Mbit Ethernet ports (four
ports available on some units as a special order), and an EC Category 3 (CAT-3) compliant front panel
interface with redundant E-stop circuits. Some models also offer the following optional features: 2 or 4 +/-
10 VDC analog inputs, 4 or 6 instrument grade +/- 10 VDC DAC channels that can interface to external
motor amplifiers, support for SIN/COS analog encoders, and interfaces to selected absolute encoders.

For several models, the digital section of the controller consists of two boards: a standard or enhanced
high performance processor (MIDS) board that is mated to one of several types of communications
(MCIM) boards. In the case of the Guidance 2000C, these functions are collapsed into a single MIDS3
board that reduces the cost of the controller at the expense of fewer optional features.

The Guidance 3000 series are the most general purpose controllers and include either two or four
integrated motor drives. As with all 3000/2000 controllers, the drives can control motors that operate at
bus voltages between 24 VDC and 340 VDC. The total motor power output of the controller is a function
of the size of the heat sink on which it is mounted plus any forced air cooling. The four amplifier version
of this controller, the Guidance 3400A, can provide either 10A or 20A peak current for each motor and is
shown below.

devices that contain unshielded high voltage pins, components and

f DANGER: The Guidance Controllers are open frame electrical
surfaces. These products are intended to be mounted in a cabinet or

Copyright © 2022, Brooks Automation, Inc. 11
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machine chassis that is not accessible when AC line power is turned
on.

The following is a picture of the Guidance 3430A, which can deliver up to 30A of peak current from each
of its four motor amplifiers.

For applications that require control of external 3rd party amplifiers and do not need integrated motor
drives, the Guidance 0006 and 0004 are very compact, high performance controllers that include 6 or 4
DAC's at a very cost effective price. The Guidance 0006 is pictured below.

12 Copyright © 2022, Brooks Automation, Inc.
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For applications that desire all of the standard features of the Guidance 3000/2000 controllers at the
lowest price and do no require most of the optional features, the two board Guidance 2400C is the perfect
choice. It has four integrated motor drives that can provide peak currents of 10A, 20A or 33A per motor.

If the Guidance 2000 form factor and motor drive capability is desirable but optional controller capabilities
not available with the Guidance 2400C are required, the three board Guidance 2400B can provide many
of the optional features of the Guidance 3000 series at a somewhat reduced price.

All Guidance Controllers can be networked with other Guidance Controllers to drive more than 4-
axes. For 6-axis configurations that require standard features and moderate motor powers, the
Enhanced Guidance G2400C is available with a Guidance G0200C Slave Amplifier (this configuration is

also referred to as the Guidance G2600C) to provide a cost effective 6-axis tightly integrated control
solution.

Copyright © 2022, Brooks Automation, Inc. 13
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Low Voltage Power Supply

The Guidance Controllers require 0.7 amps of 24 VDC power for its logic circuits and 2 amps for 1O
power, for a total of 2.7 amps. An additional amp is required if this supply also drives the contactors on
the motor power supply. For applications using remote 10 or Ethernet cameras, Precise recommends a
total of 5 amps. This voltage may be supplied by a user power supply or a 24 VDC power supply may be
purchased from Precise.

A commercially available 125-watt, 24 VDC Power Supply, Mean Well P/N PPS-125-24, with AC input
from 90V to 264V, is shown below.

DANGER: The 24VDC logic power supply is an open frame electrical
device that has exposed unshielded high voltage pins, components
and surfaces. In addition, the heat sinks on the 24VDC Power
Supply are not grounded and expose high voltage levels. This
product is intended to be mounted in a cabinet or machine chassis
that is not accessible when AC line power is turned on.

High Voltage

14 Copyright © 2022, Brooks Automation, Inc.
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Intelligent Motor Power Supplies

The Guidance 3000/2000 Controllers are compatible with motor voltages from 24 VDC to 340

VDC. Precise offers four power supplies that have been designed to operate with these controllers: the
PrecisePower 300, 500, 1000 and 2000 Intelligent Motor Power Supplies. These units include: integral
relays for enabling/disabling motor power on command from the controller, large value output filter
capacitors to store deceleration energy for use when power is needed, the ability to absorb line spikes,
and built-in fuses.

DANGER: The PrecisePower Intelligent Motor Power Supplies are
open frame electrical devices that have exposed unshielded high
voltage pins, components and surfaces. In addition, these power

A supplies provide 320VDC volts and take several minutes to bleed
down after power is disconnected. These products are intended to be
mounted in a cabinet or machine chassis that is not accessible when
AC line power is turned on.

The PrecisePower 500 is a 500-watt auto-ranging power supply with dual input ranges of 90 to 132 VAC
and 180 to 264 VAC 50/60 Hz and produces a 320 VDC nominal output. The PrecisePower 300 is a
300/600-watt power supply that accepts 90 to 264 VAC 50/60 Hz and generates a nominal output of
either 160VDC or 320VDC depending on the input voltage. Both of these units include a single integral
relay for enabling and disabling motor power from the controller.

wibwamn |
i'l

PrecisePower 500W PrecisePower 300/600W
Motor Power Supply Motor Power Supply

As a rule-of-thumb, 500 watts from the power supply can normally drive motors with a total rating of
approximately 2000 watts. This is due to the fact that motor power ratings are typically defined by the
"rated torque" that can be supplied at the "rated speed" of a motor. However, in most robot applications,
high torque is only required at low speed. For example, the PrecisePower 500 is being successfully used
to drive a Cartesian robot at full speed where the sizes of its four motors are 750W, 400W, 200W and
100W (1450W total).

Copyright © 2022, Brooks Automation, Inc. 15
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The PrecisePower 1000 (shown below) is a 1000-watt power supply that accepts 90 to 264 VAC 50/60
Hz and generates a nhominal output of either 160VDC or 320VDC depending on the input voltage. This
unit includes a single integral relay for enabling and disabling motor power from the controller, and like
the PrecisePower 300/600 and 500 power supplies, this unit does not include the full safety controls
necessary to satisfy CAT-3 requirements.

For applications requiring a larger intelligent motor power supply, the PrecisePower 2000 (shown below)
delivers 2000 watts from a single-phase 208VAC service or 3400 watts from a three-phase 240VAC
service. This unit includes dual integrated relays for enabling and disabling motor power on command
from the controller. In addition, it has safety circuits to automatically shutdown the unit if it is switched to a
short or is severely over-loaded and this unit can be configured to satisfy CAT-3 safety requirements.

Remote Front Panel, E-Stop Box and Manual Control Pendant

Precise plans to offer a remote front panel that contains a high power enable button, an auto/manual
keyed selector switch, an E-Stop button, and a back panel connector for user E-Stops and interlocks.
This unit will plug into the Remote Front Panel interface of the Guidance Controller. The controller can
operate without the remote front panel. When a front panel is not utilized, the following pins on the front
panel connector must be jumpered. (All controllers are shipped with these jumpers installed.)

16 Copyright © 2022, Brooks Automation, Inc.



Brooks Automation Introduction to the Hardware
P/N: G3X0-DI-00010, Rev 5.0.0, April 9, 2022

1-2, 3-4, 5-6, 7-8, 9-10, 11-12, 13-14

For systems that use more than one Precise Guidance Series Controller, the Auto/Manual signals can be
daisy chained from controller to controller by connecting a ribbon cable from the 16-pin Auto/Manual
daisy chain connector to either the front panel connector (pins 1-16) or the Auto/Manual daisy chain
connector of the next controller.

For users that wish to have an E-Stop button for their controller without a remote front panel, Precise sells
an E-Stop Box with a connector pigtail that plugs into the remote front panel connector and includes the
necessary jumpers.

For users who wish to have a Manual Control Pendant (MCP) that can be carried around the workcell,
Precise offers two hardware MCPs. The standard unit weighs 0.567 kg and includes an E-Stop

button. For those applications where an operator must be inside the working volume of the robot while
teaching, an alternate teach pendant with an E-Stop button and a 3-position hold-to-run button is also
available. The Precise MCP's come with a 25-pin DSub connector that directly attaches to some
PrecisePlace and PreciseFlex™ robots and Guidance Systems. A 25-pin DSub to 20-pin IDC connector
adaptor cable is available for plugging a MCP into the Remote Front Panel connector of a Guidance
2000/3000 Controller. As with the E-Stop Box, the Precise MCP connector includes the necessary
jumpers for the proper operation of the controller.

Remote IO Module

For applications that require additional 10 capability beyond the standard functions provided with every
Guidance Controller, a Precise Remote 10 (RIO) module may be purchased. The RIO interfaces to any
Guidance Controller via 10/100 Mb Ethernet and requires 24 VDC power. Up to 4 RIO's can be
connected to a controller.

The basic RIO includes: 32 isolated digital input signals, 32 isolated digital output signals and one RS-232
serial line. An enhanced version of the RIO adds 4 analog input signals, a second RS-232 port and one
RS-422/485 serial port. In addition, expansion boards will soon be offered that cost effectively add
additional isolated digital inputs and outputs in groups of 32 each to the basic RIO.

Copyright © 2022, Brooks Automation, Inc. 17
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The Enhanced RIO module is pictured below.

This product is intended to be mounted in a cabinet or machine

f WARNING: The RIO contains unshielded 24 VDC signals and pins.
chassis that is not accessible when power is turned on.

Machine Vision Software and Cameras

All Guidance Controllers support the PreciseVision machine vision system. This is a vision software
package that can run either on a PC for higher performance applications, or in the motion controller
processor for simple applications (available in the future).

When PreciseVision is executed on a PC, it communicates with the motion controller via Ethernet and
with cameras via either Ethernet or USB connections. Vendors such as IDS Imaging offer a variety of
Ethernet machine vision cameras and industrial USB cameras.

Status LED and Status Output Signal

The controller includes a Status LED on its top board and a Status Output Signal Connector that can
indicate the execution state of the controller. The digital output signal connector permits an external LED
to be driven if the controller is embedded and the on-board LED is not visible.

To configure the Status Output Signal Connector or any general purpose digital output to blink in
synchronization with the Status LED, the "Power State DOUT" (DatalD 235) must be set equal to the
signal's channel number.

The execution conditions that are indicated by the LED and the output signal (if configured) are described
in the following table.

18 Copyright © 2022, Brooks Automation, Inc.
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LED/Signal

State System Status

(1) Logic power off
or (2) CPU
crashed

Continuously
Off

Continuously (1) Booting or (2)
On CPU crashed

Blinks 1 time Normal operation,
per second motor power off

Blinks 4 times Normal operation,
per second motor power on

Blinks 8 times

CPU overheating
per second

Machine Safety

Description

Normally indicates that 24VDC logic power is off.

In rare instances, indicates that the controller has crashed due to a
system hardware or software error. The processor may be
executing the firmware debugger, dBug.

Typically indicates that 24VDC logic power is on and the controller is
executing its startup boot sequence.

If the LED turns on continuously after it has been blinking, the
processor has crashed due to a system hardware or software

error. The processor may be executing the firmware debugger,
dBug.

The controller is executing in its standard operating mode and motor
power is disabled.

The controller is executing in its standard operating mode and motor
power is enabled.

The processor is overheating, motor power is off and you have 5
minutes to save any programs or data. After 5 minutes, the
processor will shut down and needs to be rebooted.

Voltage and Power Considerations

The Guidance 3000 and 2000 Controllers require two DC power supplies: a 24 VDC power supply for the
logic and user 10, and a separate motor power supply. The motor power supply must provide the
controller with a voltage between 24 VDC and 340 VDC.

DANGER: The Guidance 3000/2000, the PrecisePower Intelligent
Motor Power Supplies, and the 24 VDC power supply are all open
frame electrical devices that contain unshielded high voltage pins,
components and surfaces. These products are intended to be
mounted in a cabinet or machine chassis that is not accessible when
AC line power is turned on.

Precise offers three Intelligent Motor Power Supplies: the 300/600-watt PrecisePower 300 with an input
range from 90 to 264 VAC 50/60 Hz, the 500-watt auto-ranging PrecisePower 500 with dual input ranges
of 90 to 132 VAC and 180 to 264 VAC 50/60 Hz and the 2000-watt PrecisePower 2000 that operates
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between 90-240VAC single or three phase, 50/60Hz. These motor power supplies contain relays that
permit the controller to enable and disable motor power.

The PrecisePower Intelligent Motor Power Supplies limit inrush current to approximately 6 Amps. They
are protected against voltage surge to 2000 volts by means of MOVs at the line input. Transient over
voltage (< 50 ps) may not exceed 2000 V phase to ground, as per EN61800-31996. They are protected
against over current by 250V fuses.

The Precise controller can monitor motor power through its datalogging function. Intermittent power
dropouts can be detected by setting a trigger in the data logger which can record and time-stamp power
fluctuations.

Enclosure Interlocks

If the Guidance 3000/2000 Controllers and their power supplies are mounted in a cabinet that can be
opened without the use of a special maintenance tool, a high power disconnect switch should be
connected to the enclosure door, such that when the door is opened, high power is disconnected from the
supplies.

The pictures below define general areas and connectors on the controllers that have exposed high
voltages and therefore pose a very high-risk when motor power is enabled.

DANGER: The surfaces, connectors, and leads pictured in Red
below or labeled indicate exposed elements of the Guidance 3000

A and 2000 Controllers that carry motor power signals. Depending
upon the motor power supply, these signals levels can range from 24
VDC to 320 VDC.

The following picture illustrates the high-risk areas of the Guidance 3410A and 3420A, 10A and 20A,
controllers.
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Motor voltages

Motor voltages™
Motor voltages

The following illustrates the high-risk areas of the Guidance 3430A, 30A controllers.

Motor voltages

Motor voltages ' utc-r voltages

The following illustrates the high-risk areas of the two board Guidance 2410C, 2420C and 2430C, 10A,

20A or 33A, controllers.
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Motor voltages

Motor voltages

- Maotor voltages
< on red amp board

The following illustrates the high-risk areas of the three board Guidance 2410B, 2420B and 2430B, 10A,
20A or 33A, controllers.

Motor voltages

Motor voltages Motor voltages

\.\\ _ Motor voltages

- on red amp board
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The following illustrates the high-risk areas of the 2-Axis 10A/20A Guidance G0200C Slave Amplifier that
can be interfaced with the Enhanced Guidance G2400C to produce a tightly integrated 6-Axis controller
(Guidance G2600C).

Motor voltages

Motor voltages - b W Motor voltages

= Motor voltages
on red amp board

E-Stop Stopping Time and Distance
The control system responds to two types of E-stops.

A “Soft E-Stop” initiates a rapid deceleration of all robots currently in motion