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1 Overview

1.1 Purpose

The purpose of this paper is to capture requirements for a standalone electronic motion control system.  This system can be only the standalone motion system or may be integrated with a PLC and/or operator interface products.  The motion controller may interface to stepping or servo motors.

1.2  Definitions

· Axis and a Half: A motion controller capable of controlling motion on a motor and also accepting input from a master position reference such as an encoder or resolver.  This master reference can be used by electronic cam profile or gearing (follower) functions.

· Cam Follower:  A technique used to perform nonlinear motion electronically similar to that achieved with mechanical cams.  The positional relationship between the controlled or slave axis (motor) and the master is typically defined by pairs of master/slave positions stored in a cam table.

· Communications Protocol: A formal set of conventions governing the control of Inputs and Outputs between the two communicating processes.

· Commutation:  A term, which refers to the actions of steering currents or voltages to the proper motor phases so as to produce optimum motor torque. In brushless (AC) motors, commutation is done by the switching electronics in the amplifier using motor rotor position information typically obtained by the motor mounted feedback device.

· Dual Loop Control: Control architecture where the motor feedback is used to commutate the servo motor while a secondary feedback device, usually mounted on the load, is used to close the servo position loop.  This scheme minimizes the mechanical position errors while providing stable servo operation.

· Electronic Motion Control System: A servo or stepper motion controller and associated amplifiers, motors and feedback devices.

· Encoder:  A type of feedback device, which converts mechanical motion into electrical signals to indicate actuator (e.g. motor) position.  Typical encoders are designed with a printed disc and a slight source.  As the disc turns with the actuator shaft, the light source shines through the printed pattern onto a sensor.  The light transmission is interrupted by the patterns on the disc.  These interruptions are sensed and converted to electrical pulses.  By counting these pulses, actuator shaft position is determined.

· Feedback Device:  A device such as a resolver or encoder that measures the actual velocity and/or position of a motor or load and reports this value to a motion controller in order to make adjustments to the command. 

· Gear Follower: A technique used to synchronize the position and speed of one or more slave axes (e.g. motors) to a Master Position Reference by setting a ratio between their respective positions. Although generally fixed, this ration can be changed based on application events. 

· Master Position Reference:  A position signal used to synchronize the motion of one or more slave (follower) axes using cam or gear follower modes. The reference signal can be from a feedback device located on another motor or axis on the machine or a virtual (time-based) reference generated by the motion controller.


· Network:  An interconnected group of nodes, a series of devices, nodes or stations connected by communications channels.

· Operating System: A program that controls the entire overall operation of the system hardware / software.  

· Pulse-Base Motion: A powerful motion control mode that allows the user to define incremental positioning moves relative to a pulse input from a Master Position Reference rather than time. Allows slaved motion to accurately track the master regardless of speed variations in the master source.

· Regenerated Energy Control Circuit:  A circuit that monitors the DC bus voltage of a servo motor amplifier and activates an energy dissipation resistor when the voltage level reaches a predefine threshold.  Protects the amplifier power transistors from damage when a motor is decelerating.

· Resolver: A position traducer utilizing magnetic coupling to measure absolute shaft position over one revolution.

· Servo Amplifier:  Electronics that convert low-level command signals to high power voltages and currents to operate a servomotor in order to accurately control torque, velocity or position of the motor.

· Servo Motor:  A three-phase permanent magnet synchronous motor and associated position feedback device used to accurately control torque, velocity or position of a load. 

· Slave Axis: Motor whose motion follows, or is synchronized to, a Master Position Reference.  The slave axis my follow based on a fixed gear ratio or variable ratio as set in a cam table. 

· User Unit: Desired unit of measure used to specify program position.  Generally requires the user to specify the relationship between motor feedback units (e.g. counts) and the desired units (e.g. millimeters, degrees, etc.) based on the specific mechanical configuration for each axis.

2 Technical Requirements

2.1 System Architecture

The system shall be a micro-process based motion controller with an integrated servo or stepping motor amplifier, AC power supply, regenerated energy control circuit and analog and digital I/O.  Optional fieldbus ports must be available for connecting to standard communications networks.  A built in serial port shall also be available.  The system shall have the ability to accept an external operator interface using the serial port or fieldbus interface options. 

The system will have the ability to implement a fully programmable single-axis or axis and a half motion control application.  

The system will be shipped ready for use.  The configuration and programming of the controller, communication port settings and I/O functions will be set using the operating system and programming software.  

2.1.1 Operating System -

2.1.1.1 Multitasking: The multi-tasking operating system shall support at least 4 program tasks, one motion task, one communication task and a system overhead task.  The user shall have to ability to start/stop tasks from within the application program or to lockout certain tasks.  One program task will be used as a fault handler and execute on power-up and when a system fault occurs. 

2.1.1.2 Command Line Interface: The command line interface shall be capable of real-time interaction between a terminal emulator and the controller.  At a minimum the command line interface can read or write register values, issue commands, set/reset faults, start/stop motion or program tasks, enable/disable diagnostic messages and clear controller memory. 

2.1.1.3 The operating system will support a high-level programming language that the user will use to generate application programs for the controller.  This language must include the following functions:

· Algebraic and trigonometric math operators

· Logical operators

· Relational operators

· User programmable integer, floating point, string and Boolean variables

· Nested subroutines

· Program flow control commands

· Motion commands (see Motion Functions)

· Program comments and labels

· I/O commands

· Communication port interface commands (serial and fieldbus)

· Timers

· Program/Motion task control commands

· Diagnostic/status and fault handling commands and registers

· User unit scaling

· Tuning registers (control loop gains)

2.1.1.4 Motion Functions: The operating system and high-level programming language will, at a minimum, support the following motion functions:

· Incremental or absolute positioning moves

· Linear or variable jerk limited acceleration

· Independent acceleration and deceleration rates

· Gear Follower

· Cam Follower

· Pulse-based Motion

· Home Search (to a home input, feedback marker, travel limit input, or combination)

· Bidirectional Jogging

· Complex (multi-velocity) motion profiles

· Superimposed cam, gear and/or positioning moves  

· Over Travel Limits (software & hardware)

· Position Register Rollover (modulus)

· High speed position capture event of both the axis (motor) and auxiliary position registers

· Tightly synchronize I/O events with motion

· Virtual (time-based) Master Position Reference

2.1.2 Development System -

The development system is a software environment that fully integrates the motion controller configuration, programming, monitoring and diagnostics.  This software shall be a Windows based environment.  The development environment must use a set of tools that provides a consistent user interface throughout the development process.  The system shall provide drag-and-drop capabilities between tools and editors. 

The development software shall include diagnostic tools that enable the user to monitor, chart and change value of a user defined set of registers or variables in real-time while the motion application is executing.

The development system shall be scalable across the full range of servo and stepper applications.

2.1.3 Networking

2.1.3.1 The system shall be capable of expansion to support Fieldbus communication configurations:

· DeviceNet Slave

· PROFIBUS DP Slave

2.1.3.2 The system shall be capable of supporting the following Serial communication configurations:

· General purpose bi-direction serial data channel supporting EIA232C electrical standards

The system shall be capable of supporting the following serial network Protocols:

· Modbus RTU Slave

· ASCII Serial protocol

2.2 Licensing

No operating system or run time license will be required.

2.3 Documentation

2.3.1 Product Documentation must be available on the vendor’s web site for users to download.

2.3.2 The online help system in the product programming software needs to be context sensitive such that immediate help is available for the selected functionality.

3 Software Requirements

3.1 Security 

3.1.1 The security system shall control access to an automation application and control the operations that are permitted within that application.

3.1.2  Access to program and/or configuration editors and view functions needs to be limited to those with password access.

3.1.3 The system shall provide the option for a unique identification password.

3.2 Firmware Version Management

3.2.1 Firmware updates must be available from the vendor’s web site for the user to download.

3.2.2 The programming software must support a firmware update utility to allow user’s to update firmware in the field.

3.2.3 The system shall provide an interface for reporting on revision of the current firmware version.

3.2.4 Firmware version numbers shall not be editable

3.3 User Software Functions

3.3.1 The development system shall include online help for application program validation and user application development. 

3.3.2 The development system shall provide a repository to store user defined motion block objects or program objects, which can be dragged-and-dropped into a motion application project.  These objects can be as simple or as complex as the programming structure will permit.

3.3.3 The development system shall support automation application customization through the use of scripting.

3.3.4 The development and operating system shall support error and diagnostic messages and conditions.  Error message are used to display information in response to specific conditions within the system. Diagnostic messages report user defined diagnostic information based on diagnostic commands embedded in the application program or diagnostic conditions specified using the development software.  The user must be able to enable or disable diagnostic messages.

3.3.5 The development software and operating system must support import/export of motion projects for archive storage and retrieval of all controller configuration and programming.  The import function must allow import from a controller memory and from a stored project file.

3.3.6 The development software must support graphical and text editors for application program development. This includes a graphical editor for development of cam profiles that supports import/export of cam profiles in comma separated variable (CSV) file format.

3.3.7 The development software must use configuration wizards to simplify proper setting of the motion controller configuration registers.  Configuration wizards must use a simple question/answer format to discover essential application requirements and then properly set the configuration registers. Wizards must be available for the following primary configuration areas:

· Communications

· Motor/Controller/Feedback selection

· I/O Configuration

· Travel Limits (software & hardware)

· User Unit Scaling

· Master Position Source

· Fault Handling

4 Hardware System

4.1.1 The system shall support a minimum of 60KB of Flash memory for program storage and  42KB Flash memory for variable storage.  

4.1.2 The system shall be powered with 115/230 VAC 1-phase, 230 VAC 3-phase or 460 VAC 3-phase depending on power rating of the controller’s integral amplifier. 

4.1.3 The system shall have 2 front visible 7-segment LEDs for visual diagnostic.  Additional LEDs indicators for controller status and network status (network models only) shall be included.

4.1.4 The controller shall include at least 14 general purpose discrete I/O with the following specifications:

· Operating Range:  12-24 VDC, 30 VDC maximum

· Interface Format: Optically isolated, user configurable as source or sink

4.1.5 Dedicated discrete I/O points shall be available to support the following functions:

· Enable amplifier power output

· Fault/OK output

Position capture (registration) input (high speed TTL; < 30 (s response)

4.1.6 Programmable analog I/O shall be available with the following specifications:

Analog Inputs

· Number of Inputs: 2

· Operating Range:  ± 10 VDC

· Resolution:  ≥ 12 bits

Analog Outputs

· Number of Inputs: 1

· Operating Range:  ± 10 VDC

· Resolution:  ≥ 8 bits

· Output Current: ≥ 5 ma

The application program shall define the analog I/O function.

4.1.7 The hardware and operating system shall support servo loop update rates as follows:

· Position Loop Rate ≤ 488 (s

· Velocity Loop Rate ≤ 122 (s

· Current Loop Rate ≤ 122 (s

4.1.8 An auxiliary encoder input must be available for connection of a secondary incremental encoder with the following specifications:

· Input Format: Differential

· Input Voltage Range: +5 to +15 VDC

· Quadrature Pulse Frequency: ≥12 MHz

This auxiliary encoder input function shall be user selectable as one of the following:

· Master Position Source for electronic gearing and/or cam functions

· Secondary (load mounted) position feedback used to close the servo position loop when operating in dual loop mode

· Position monitor used to update a position register accessible to the application program

4.1.9 An auxiliary encoder output must be available with the following specifications:

· Output Format: Differential Line Driver

· Voltage Range: +5.2 VDC ± 1%
Quadrature Pulse Frequency: ≥12 MHz

This auxiliary encoder output function shall be user selectable as one of the following:

· Auxiliary encoder position

· Motor position

4.2 Industry Standards

All products shall be designed, manufactured, and tested in accordance with recognized UL, CSA, IEC and JIS industrial standards. The system shall be operational during and after testing.  See tables below for standards requirements.

	
	AGENCY APPROVALS OVERVIEW 
	
	Comments

	
	Quality Assurance in Design/Development,
Production, Installation & Servicing
	ISO9001:2000
	
Certification by BSI Quality Assurance

	
	
Industrial Control Equipment [Safety]
	UL508/C-UL
	Certification by Underwriter’s Laboratories to UL standard and equivalent CSA standard


	
	AGENCY APPROVALS OVERVIEW 
	
	Comments

	
	Low Voltage Directive European safety for Industrial Control Equipment
	CE
	
Self-declaration in accordance with European directives.

	
	Electromagnetic Compatibility Directive European EMC for Industrial Control Equipment
	CE
	
Certification by competent body in accordance with European directives.


	
	STANDARDS OVERVIEW
	
	Conditions

	
	ENVIRONMENTAL
	
	

	
	
Vibration
	IEC68­2­6
	10 – 57 Hz, 0.012” peak to peak displacement

57 – 500Hz, 1.0g acceleration

	
	Shock
	IEC68­2­27
	15G, 11ms (Sine Wave)

	
	Operating Temperature
	
	0C to 40C 

	
	Storage Temperature
	
	–20C to +70C

	
	Humidity
	
	10% to 90%, non­condensing

	
	EMC EMISSIONS
	
	

	
	Radiated, Conducted
	EN55011/55022

CISPR16
	radiated disturbance limits at 3 m: 

50.5 dB(µV/m), 30 - 230 MHz

57.5 dB(µV/m), 230 - 1000 MHz

conducted disturbance limits:

66 dB(µV), 0.15 - 0.50 MHz

66 dB(µV), 0.50 - 30 MHz

	
	EMC IMMUNITY
	
	

	
	Electrostatic Discharge
	EN/IEC61000-4-2
	8KV Air Discharge, 4Kv Contact Discharge

	
	Radiated RF
	EN/IEC61000-4-3
	10Vrms /m, 80Mhz to 1000Mhz, modulated

	
	Fast Transient Burst
	EN/IEC61000-4-4
	2KV for power supplies, 1KV for I/O, communications; 5KHz burst; Performance criterion: B

	
	Surge Withstand
	EN/IEC61000-4-5
	Damped Oscillatory Wave,  Class II:
power supplies, I/O [12V­240V]

	
	Conducted RF
	EN/IEC61000-4-6
	Amplitude: 10V; Spectrum: 150khz to 80Mhz; Modulation: 80%, 1 kHz; Performance Criterion: A

	
	Input Dips, Variations
	EN/IEC61000­4­11
	During Operation: Dips: Criterion A; Interrupts: Criterion B; Variations: Criterion A

	
	ISOLATION
	
	

	
	
Dielectric Withstand
	UL508, UL840,

IEC664
	
1.5KV for modules rated from 51v to 250v


5 Service and Support

5.1 Training

5.1.1 Vendor needs to be able to provide both on-site and off-site training.

5.2 Installation Services

5.2.1 The vendor shall have the ability to provide qualified consulting and installation services. These services need to be provided either by the vendor or via certified partners.  Services include:

· Site Assessment

· Consultation

· Implementation

· Assistance and turnkey

· Validation services

5.2.2 Global Services

Vendor needs to be able to provide service and support the installations locally worldwide.

5.3 Support

The manufacturer or its authorized representative shall provide complete technical support for all of the products. This shall include headquarters or local training, regional application centers, and local or headquarters technical assistance. A toll-free (800) number hot-line shall be available for technical support.

5.4 Hardware Warranty 

5.4.1 Product shall have a warranty period of at least 1 year from the date of purchase.

5.5 Software Warranty

5.5.1 Vendor shall provide the option to purchase support contract.  This contract is to include:

· Telephone and Email support Mon-Fri 8:00AM to 8:00PM EST

· 24x7 Emergency Support

· Software Upgrades

· 24x7 Access to web based technical and support information

5.5.2 The vendor shall have a location on their web site where users can download software improvements, bug fixes, add-ons, components and so forth.  

5.5.3 The vendor shall provide an easy mechanism for upgrading and installing software improvements and for allowing a user to quickly ascertain what improvements have been installed.

6 Vendor Requirements

6.1 Development Life Cycle

6.1.1 The vendor must have an established documented development procedure.  This procedure must track customer requirements, development risk, and corrective action.  The procedure must include a product validation cycle.

6.1.2 The vendor must have a formal and documented set of quality assurance procedures that are applied to the engineering design, development, and documentation of the software. The presence of a formal quality assurance department shall be required.

6.1.3 The vendor must also demonstrate that it’s source code for the product is regularly archived with suitable backup.

6.1.4 The vendor must follow a documented configuration management system.

6.2 Product Life Cycle

6.2.1 The vendor must have an established product life cycle policy.  Documentation of the product life cycle shall be available.

6.3 Manufacturer Qualifications

6.3.1 The manufacturer shall have shown a high commitment to product, manufacturing and design process quality.  The manufacture shall be ISO9000 registered.

6.3.2 The manufacture shall have fully operational quality assurance and quality control programs in place.  Complete documentation describing the quality assurance and quality plan shall be available.

6.3.3 All motion system components shall be offered by a company who regularly manufactures and services this type of equipment.

6.3.4 Vendor needs to be certified under the ISO 9001-2000 guidelines.

6.4 Preferred Vendor / Manufacturer

6.4.1 Pre-evaluation has identified that the S2K products from GE Fanuc Automation as the preferred solution.  Any proposed solution must include at a minimum the functionality contained in the current commercially available version of these products.

Correspondingly, the preferred development environment for the control applications will be Proficy Motion Developer from GE Fanuc Automation.   Any proposed solution must include at a minimum the functionality contained in the current commercially available version of this software product.

6.4.2 Licensing will be provided to support XX simultaneous users and will include an annualized contract for Proficy™ GlobalCare Support.

7 Appendix

7.1 Glossary

· Database (ANSI):  Collection of data fundamental to a system.

· Design Specification:  

IEEE: The specification that documents the design of a system or system component to satisfy specified requirements.

· Documentation (ANSI N45.2.10-1973):  Any written or pictorial information describing, defining, specifying, reporting or certifying activities, requirements, procedures, or results.

· Network 

· ANSI/IEEE: An interconnected or interrelated group of nodes.

· GAMP Forum: An interconnected communications facility. A Local Area network (LAN) is a 
high bandwidth (allowing a high data transfer rate) computer network operating over a small area such as an office or group of offices.

· Operating System
· PMA CSVC: A set of programs provided with a computer that function as the interface between the hardware and the application programs.

· ANSI/IEEE: Software that controls the execution of programs.  An operating system may provide services, such as resource allocation, scheduling, input/output control, and data management.

· Procedure (PMA CSVC):  A directive usually specifying how certain activities are to be accomplished.

· Quality Assurance [QA] (ANSI/IEEE): A planned and systematic pattern of all actions necessary to provide adequate confidence that the item or product conforms to established technical requirements.

· Requirement (ANSI/IEEE): A condition or capability that must be met or possessed by a system or system component to satisfy a contract, standard, specification, or other formally imposed document. The set of all requirements forms the basis for subsequent development of the system or system component.

· Security (IEEE):  The protection of computer hardware and software from accidental or malicious access, use, modification, destruction, or disclosure.  Security also pertains to personnel, data, communications, and the physical protection of computer installations.

· System: An assembly of units consisting of one or more microprocessors, associated hardware and software applications.

· Testing (IEEE): The process of exercising or evaluating a system or system component by manual or automated means to verify that it satisfies specified requirements or to identify differences between expected and actual results.

· Validation: "Establishing documented evidence, which provides a high degree of assurance that a specific process will consistently produce a product meeting its pre-determined specifications and quality attributes".  - FDA Guidelines on General Principles of Process Validation May 1987.

· Validation Plan: A plan created by the customer to define validation activities, responsibilities and procedures.
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