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AMERICAN NATIONAL STANDARDS / TECHNICAL REPORTS 
By registering this ANSI Technical Report, the ANSI Board of Standards Review confirms that the requirements for 
due process, consensus, balance and openness have been met by AMT - The Association For Manufacturing 
Technology (the ANSI-accredited standards developing organization). 
American National Standards and Technical Reports are developed through a consensus process. Consensus is 
established when substantial agreement has been reached by directly and materially affected interests. Substantial 
agreement means much more than a simple majority, but not necessarily unanimity. Consensus requires that all 
views and objections be considered, and that a concerted effort be made toward resolution. This process brings 
together volunteers andlor seeks out the views of persons who have an interest in the topic covered by this 
publication. While AMT administers the process and establishes procedures to promote fairness in the development 
of consensus, it does not write the document and it does not independently test, evaluate or verify the accuracy or 
completeness of any information or the soundness of any judgments contained in its standards or guidelines. 

American National Standards and Technical Reports are promulgated through ANSI for voluntary use; their existence 
does not in any respect preclude anyone, whether they have approved the standardsltechnical reports or not, from 
manufacturing, marketing, purchasing, or using products, processes, or procedures not conforming to the these 
documents. However, users, distributors, regulatory bodies, certification agencies and others concerned may apply 
American National Standards or Technical Reports as mandatory requirements in commerce and industry. 

The American National Standards Institute does not develop standards or technical reports and will in no 
circumstances give an interpretation of an American National Standard. Moreover, no person shall have the right or 
authority to issue an interpretation of an American National Standard in the name of the American National Standards 
Institute. Requests for interpretations should be addressed to the Secretariat (AMT). 

AMT MAKES NO WARRANTY, EITHER EXPRESSED OR IMPLIED AS TO THE FITNESS OF MERCHANTABILITY 
OR ACCURACY OF THE INFORMATION CONTAINED WITHIN THIS TECHNICAL REPORT, AND DISCLAIMS 
AND MAKES NO WARRANTY THAT THE INFORMATION IN THIS DOCUMENT WILL FULFILL ANY OF YOUR 
PARTICULAR PURPOSES OR NEEDS. AMT disclaims liability for any personal injury, property or other damages of 
any nature whatsoever, whether special, indirect, consequential or compensatory, directly or indirectly resulting from 
the publication, use of, application or reliance on this document. AMT does not undertake to guarantee the 
performance of any individual manufacturer or seller’s products or services by virtue of this technical report, nor does 
it take any position with respect to the validity of any patent rights asserted in connection with the items which are 
mentioned in or are the subject of this document, and AMT disclaims liability for the infringement of any patent 
resulting from the use of or reliance on this document. Users of this document are expressly advised that 
determination of the validity of any such patent rights, and the risk of infringement of such rights, is entirely their own 
responsibility. 

In publishing or making this document available, AMT is not undertaking to render professional or other services for or 
on behalf of any person or entity, nor is AMT undertaking to perform any duty owed by any person or entity to 
someone else. Anyone using this document should rely on his or her own independent judgment, or as appropriate, 
seek the advice of a competent professional in determining the exercise of reasonable care in any given 
ci rcumstances. 

AMT has no power, nor does it undertake to police or enforce conformance to the requirements of this document. 
AMT does not certify, test or inspect products, designs, or installations for safety or health purposes. Any certification 
or other statement of conformance to any health or safety-related information in this document shall not be 
attributable to AMT and is solely the responsibility of the certifier or maker of the statement. 

NOTICE: This ANSI Technical Report may be revised or withdrawn at any time. The procedures of the American 
National Standards Institute require that action be taken periodically to reaffirm, revise, or withdraw this technical 
report. You may contact the Secretariat for current status information on this, or other B I  1 documents. Individuals 
interested in obtaining up-to-date information on standards can access this information at http:\\www.nssn.org (or by 
contacting ANSI). NSSN - A National Resource for Global Standards, provides a central point to search for standards 
information from worldwide sources and can connect those who seek standards to those who supply them. 
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Foreword 
Recognizing the need for a guidance document on the subject matter, the ANSI-BI1 Accredited 
Standards Committee for Machine Tool Safety formed a subcommittee consisting of professionals 
that are involved in manufacturing, safety, design and controls to develop a technical report giving 
guidelines for the selection of programmable electronic systems when applied to machine tools 
covered by the ANSI B I1  series of safety standards. This Subcommittee began work on this 
Technical Report in October 1997. After a hiatus beginning August 2000, the Subcommittee 
resumed its work in June 2003, taking a very different direction and finally producing the work you 
are reading in early 2004. 

There are annexes at the end of this technical report dealing specifically with the performance of 
safety related functions (control reliability), identification and analysis of failures, and safety related 
performance levels. 

Publication of this Technical Report has been approved by the Accredited Standards Developer - 
AMT- The Association For Manufacturing Technology. This document is registered as a Technical 
Report according to the Procedures for the Registration of Technical Reports with ANSI. This 
document is not an American National Standard and the material contained herein is not normative 
in nature. 

While standards generally use the term shall to denote a requirement and the word should to 
denote a recommendation, this document is written using those terms consistent with how they are 
used in a standard (normative requirement vs. an informative recommendation). Nonetheless, the 
preceding paragraph remains true; nothing in this document is normative. 

Suggestions for improvement or comments on the technical content of this technical report are 
welcomed. They should be sent to: AMT- The Association For Manufacturing Technology, 7901 
Westpark Dr., McLean, VA 221 02-4206, Attention: B I  1 Secretariat. 

ANSI BI  1 Accredited Standards Committee: 
John W. Russell, PE, CSP Chairman 
Gary D. Kopps, Vice-chairman 
David A. Felinski, Secretary 
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American Institute for Steel Construction 
American Society of Safety Engineers 
AMT- The Association For Manufacturing Technology 
Automotive Industry Action Group 
Boeing 
Can Manufacturers Institute 
General Motors Corporation 
John Deere 
Metal Building Manufacturers Association 
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Natl. Inst. for Occupational Safety & Health 
Occupational Safety & Health Administration 
Packaging Machinery Manufacturers Institute 
Precision Metalforming Association 
Presence Sensing Device Manufact. Assn. 
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Scientific Technologies, Inc. 
Sheet Metal & Air Conditioning Contractors’ Natl. Assn. 
Tooling and Manufacturing Association 
Toyota Motor Manufacturing North America 
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Introduction 

General overview of the interaction between a typical ANSI B11 American National Standard and 
other standards / technical reports 

I 

Clause 3 
Definlions 

v 
Clause 4 

Responsbilily 
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ANSI Technical Report B I  1 .TR4 - 2004 

Selection of Programmable Electronic Systems (PES/PLC) 
for Machine Tools 

1 Scope and purpose 
1.1 Scope 
This Technical Report covers the safety related aspects of programmable electronic systems (PESs) for 
machine tools covered by the B I  1 series of safety standards (see inside cover for a listing). 

1.2 Purpose 
The purpose of this Technical Report is to provide guidance for the selection, design, construction, 
integration, and validation of PESs for the safety related functions of a machine production system. The 
terminology used in this document may not be used consistently throughout the industry, but this document 
does represent the concepts which are important when using and designing safety-related control systems. 

NOTE: Usage of [machine] in the following text means any of the specific machine tools covered by the ANSI B I  1 ‘base’ 
series of safety standards. 

2 References 
ANSI / NFPA 79 - 2002 Electrical Standard for Industrial Machinery 

ANSI B I  1 . I9  - 2003 Performance Criteria for Safeguarding 

ANSI B I  1 .TR3 - 2000 Risk Assessment and Risk Reduction - A guide to estimate, evaluate and reduce 
risks associated with machine tools 

ANSI / U.L. 1998 - 2000 Software and programmable systems 

ANSI / RIA R15.06 - 1999 Industrial Robots and Robot Systems - Safety Requirements 

CSA 2434-03 - Industrial Robots and Robot Systems - General Safety Requirements 

CSA 2432-04 - Safeguarding of machinery 

EN 954-1:1996 (ISO/DIS 13849-1 :2004) Safety of machinery - Safety related parts of control systems - Part 
1 : General Principles for Design 

IEC 60204-1 - Safety of electrical equipment of machinery used for general electrical safety aspects 

IEC 61 508 Parts 1-7 - Functional safety of E/E/PE safety-related systems used for the design of complex 
subsystems 

IEC 62061 - Safety of machinery - Functional safety of safety-related electrical, electronic and 
programmable electronic control systems 
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ANSI Technical Report B I  1 .TR4 - 2004 

3 Definitions 
3.1 Application software: Instructions or routines that are installed in and executed by the PED to perform the 
specific functional requirements of the PES. NOTE: This does not include the PED, BIOS or firmware. 

3.2 Architecture (system): The configuration of the control system (see also, Figures 1 through 4). 

3.3 BIOS: The basic input and output operating system of the PED installed in non-volatile internal memory of the PED 
and that is not changeable by the user. 

3.4 Control reliability: The capability of the [machine] control system, the safeguarding, other control components 
and related interfacing to achieve a safe state in the event of a failure within their safety related functions. 
NOTE: The general term ?control reliability? really speaks to control infegrify and does not imply a specific level of safety 
performance. Depending upon the level of risk reduction indicated by the risk assessment, control reliability can be 
achieved by different levels of safety performance. 

3.5 Diversity: The use of different means, e.g., use of different processors or other hardware such as relays, storage 
media, programming languages and software to perform the same function. 

3.6 Firmware: An executive control program code installed in non-volatile internal memory of the PED and that is not 
changeable by the user (also known as ?operating system?). 

3.7 Immediate stop command: A command that initiates an action@) to stop a hazardous motion (or situation) at 
any point in the [machine] cycle. 

3.8 Listed for such use: Equipment, materials, or services included in a list published by a Nationally Recognized 
Testing Laboratory (NRTL) and concerned with evaluation of products or services, that maintains periodic inspection of 
production of listed equipment or materials or periodic evaluation of services, and whose listing states that either the 
equipment, material, or services meets identified standards or has been tested and found suitable for a specified 
purpose. 

3.9 Monitoring: The checking of system components to detect a failure of a component, subassembly or module that 
affects the performance of the safety related functions. 

3.10 Normal stop command: A command that initiates an action@) to stop motion(s) or situation(s) at the end of a 
[machine] cycle or at other points required by the [machine] functions. 

3.1 1 PED (Programmable Electronic Device): A device with input and output ports, central processing unit@), 
communication ports, sequenced or controlled by a program. For example: PLC, PC, CNC, Embedded 
MicroProcessors, etc. 

3.12 A system for control or monitoring using one or more 
programmable electronic devices, including all elements of the system such as power supplies, sensors and other input 
devices, data links and other communication paths, and actuators and other output devices. 

PES (Programmable Electronic System): 

3.13 Redundancy: The use of multiple means to perform the same function. 

3.14 Safety related functions: That portion of the control system or safeguarding device that either eliminates 
exposure to a hazardous situation or reduces exposure to a hazard or hazardous situation to a tolerable level. 

3.15 SPED (Safety Programmable Electronic Device): A PED(s) designed specifically to control safety-related 
functions. 

3.16 SPES (Safety Programmable Electronic System): A PES for control of safety-related functions. This is 
also referred to as SRECS (safety-related electrical control system). 

3.17 Stop command: A command that initiates an action@) to stop a hazardous motion or remove a hazardous 
situation. The stop command can be immediate or normal. 

3.1 8 Validation: Confirmation by examination and testing that the particular requirements for a specific intended use 
are met. 

3.19 Verification: The process or act of confirming that a device or function conforms or performs to its design. 
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