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AUTOMATION SYSTEM INTEGRATION & ENGINEERING CONCEPTS



Automation System Integration & Engineering Concepts – Contents



 The Automation



System Components & Influencing factors



 System Engineering • Life Cycle of a project o Concept development o Requirements R i t o Design development o Validation, Validation Verification, Verification & Integration



• Environmental Factors o Influences of Environmental Factors on ES
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Automation System Integration & Engineering Concepts– Contents  Packaging & Enclosures of Automation System • Safety Measures o Measurement Categories



• Nature of Environment & Safety Measures o Enclosures of electric equipment for Non-Hazardous



location



 International standards o Enclosures of electric equipment for Hazardous location



 International standards • Intrinsically Safe Equipment • Design Consideration of Enclosures for Different Market Segments
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The Automation System Components & Influencing factors



 Hardware  Software  Environmental  Human operators
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System System



“Systems



Engineering



Engineering Objective: Best product at lowest cost



Engineering



is



an



engineering



discipline



whose



responsibility is creating and executing an interdisciplinary process to ensure that the customer’s and stake-holder's needs are satisfied throughout a system's entire life cycle.” (INCOSE SE handbook; Vasquez, 2003)



System



Engineering



System Engineering is an approach, an attitude, and a loose set of methods for solving complex problems



It provides a frame work to develop a product from concept, through design and test, to delivery and documentation



IT can also be viewed as the application of engineering techniques q to the engineering g g of systems, y , as well as the application of a system approach to engineering efforts.



Human Life Cycle
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Life Cycle of a Project Concept Requirements Design development Test Verification Installation Maintenance & support More frequent iteration less frequent feed back
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Disposal



Main areas & activities within the life cycle of a product Area



Activities



Startup



Company R&D, concept development



A Acquisition i ii



R Research, h D Design, i Construction C i



Software



Design, maintenance, upgrades, error recovery



Documentation



Technical data generation, distribution, storage, plans, test results



Production



Manufacture, distribution



Operations p



Resources, p power consumption, p facilities



Training



Users, operators, Maintenance



Maintenance & repair



Equipment, staff, service calls



Inventory



Facilities stock Facilities,



Legal



Litigation, staff, regulations



Disposal



Dismantling, inventory, regulations
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Interdisciplinary process: People involved in product life cycle Product Maturity



R&D



*



*



*



*



*



*



*



*



Electrical



*



*



*



*



*



*



*



*



Software



*



*



*



*



*



*



*



M h i l Mechanical



*



*



*



*



*



*



Industrial



*



*



*



*



*



Manufacturing



*



*



*



*
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*



*



*



*



*



*



*



*



*



*



*



*



*



*



*



*



*



*



*



*



*



*



*



* *



*



*



Disposa al



*



Mainten nance



*



g help Training



*



*



Sales Producttion



*



Validatiion verifica ation



*



*



Critical design review



*



Prototy ypes



*



Design



*



*



Preliminary design review



Design architect



cations Specific



*



Analysis



Concep pt



Management



Concep ptual design review



People involved in product life cycle



People involved in product life cycle



cont…



cations Specific



Disposa al



Interdisciplinary process:



*



Product Maturity



Service



*



*



Financial
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*



*



*



*



*



*



*



*



*



*



*



*



*



Legal User and customer



*



*



*



*



*



*



*



*



* *



*



*



*



* *



*



Mainten nance



*



*



g help Training



*



*



Sales Producttion



Marketing



*



Validatiion verifica ation



*



Critical design review



Publications



Prototy ypes



*



Design



*



Preliminary desig gn review



Concep ptual desig gn review



purchasing



Analysis



Concep pt



People involved in product life cycle



*



* *



*



*



Life Cycle of a Project







Concept Requirements Design development Test Verification Installation Maintenance & support



More frequent iteration less frequent feed back
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Disposal



Life Cycle of a Project (Concept Development)



System Engineering begins with defining the problem. Problem Definition:Definition: Establish the following  Customer objectives  User needs  Mission or regions of operation  Constraints  Regulations and standards
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Life Cycle of a Project (Concept Development)



Basic constrains common to most of the projects are: Functionality: Does the product fulfill the need?  Cost: Is the cost as low as possible?  Safety: Is the product is safe enough?  Reliability: How long will it function?  Maintainability: How is easy is it to fix?  Utility: How easy and obvious is it to use?  Time: How long will it take to develop and produce?
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Life Cycle of a Project Concept







Requirements Design development Test Verification Installation Maintenance & support



More frequent iteration less frequent feed back
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Disposal



Life Cycle of a Project (Requirements)



Requirement crystallize the Functions Operations & Performance Requirements



Specific example of parameters



Performance



• • • •



Range Speed Throughput Error rates



• • • •



Size Weight Power consumption Efficiency ff



•Test levels –Electromagnetic interference –Vibration and shock –Thermal style
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Life Cycle of a Project (Requirements)



Requirements



Specific example of parameters



Reliability and



• Mean time between failures



maintainability



• Failure rate • Maintenance downtime



Human factors and user



• Response latency



interface



• Number of operations per sequence • Expertise required • Intuitive operation • Ease of use Contd…
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Life Cycle of a Project (Requirements)



Requirements



Specific example of parameters



Safety and failure modes



• Failure mode, effect, and criticality analysis • Fault tree analysis • Hazard analysis



Operational regimes and environment



• Duty cycle • Location • Temperature extremes • Stress range



Logistics support



l • Maintenance intervals • Personnel expertise • Maintenance task analysis
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Life Cycle of a Project Concept Requirements







Design development Test Verification Installation Maintenance & support



More frequent iteration less frequent feed back
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Disposal



Life Cycle of a Project (Design development)



Design synthesizes the how of component interaction within the system. IIt molds ld the h what h from f requirements i iin to functional f i l relation l i ships hi to derive an integrated whole.  Top-down Top down (constrain driven): The requirements completely drive the design  Bottom-up (built from current design): The solution is synthesized from current designs and available technology  Outside-in (interface driven): System interfaces drive the design  Inside-out (technology driven): The design is driven by developing technology  Hybrid: A combination of approaches is used
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Life Cycle of a project Concept Requirements Design development Test







Verification Installation Maintenance & support



More frequent iteration less frequent feed back
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Disposal



Life Cycle of a Project



(Validation, Verification, & Integration)



Validation determines how well the requirements suit the intent of the system solution



Verification evaluates how well the system requirements and quantifies system performance



satisfies



the



IIntegration t ti i the is th process off assembling bli the components th t & subsystems, and performing the acceptance test of validation & verification, satisfies the requirements
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Life Cycle of a Project (Tests used during validation)



Test



Development phase



Function



Hazard analysis



Early and mid-design



Finds areas where deviation can generate hazards and determine the consequences



Challenge tests



Late design



Confirm analysis



Event-tree analysis



Design, integration and operation



Identify potential accident as a consequence of an initiating failure or error



Fault-tree analysis



Design, integration and operation



Track backward from postulated accidents to possible initiating failures



Failure recovery and error correction



Late design, integration



Confirm that recovery and correction occur predictably (similar to challenge test)



Human factors evaluation l ti



Early and mid-design



Identify problems and risks of human i t interaction ti



Failure mode, effects and criticality analysis



Design, integration and operation



Identify all failure modes of each component and their potential effects on the system



23



the



results



of



the



hazard



Life Cycle of a Project (Areas Within Verification)



Area



Specifics



Environmental



Temperature range, shock, vibration, humidity, corrosion



Electromagnetic



Conducted and radiated interference and susceptibility



Reliability



Burn in in, life testing



Maintainability



Time and sequences, skill levels, diagnostics, test equipment, procedures



Technical data



Operating procedures, Maintenance procedures, supporting data



Performance



Size, weight, power, capacity, throughput, speed etc



Software



Performance, failure modes, user acceptance
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Life Cycle of a Project ( Integration)



Integration is the process of assembling the components and subsystems and performing the acceptance test of validation and verification .



Integration may proceed  Modular  Spiral development  Expanding envelope
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Life Cycle of a Project ( Integration)



Integration may proceed in  Modular: Adds each subsystem sequentially, followed by a prescribed set of tests, e.g. test equipment  Spiral development: Develop and test the major functions first, followed by lower priority functions, e.g. software  Expanding envelope: Majority of components to be assembled before a meaning full test can be performed, e.g. flight of aircraft



26



Life Cycle of a Project



( Integration: Spiral Life Cycle Model) Determine objectives, Alternatives, and constraints



Evaluative alternatives and risks Risk Analysis



Commit to Next cycle



Plan next phase
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Cumulative cost



Prototype



Develop and test



Life Cycle of a Project



( Integration: Waterfall Life Cycle Model) System Requirements Software Requirements Architectural Design Detailed design Coding Testing Mainte nance
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Life Cycle of a Project



Cost to c change th he design n



Concept



Design & development



Integration



On going Evaluation



Bench tests, Prototyping Analytical simulation



Life cycle progress
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Operation



Formal Acceptance (Validation & Certification)



Pred dictive cap pability of the evalu uation



(Cost of Design Changes)



Life Cycle of a Project



(Life cycle costs - some examples)



Category



Example components



System at delivery



• Amortized development recurring engineering



cost



and



non



• Material and construction labour Operation



• Personnel • Power consumption



Consumable resources



• Fuel • Lubrication • Batteries B tt i • Auxiliary supplies (e.g., paper for printers) Contd…..
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Life Cycle of a Project



(Life cycle costs - some examples)



Category



Example components



Training



• Operators and users • Maintenance personnel



Maintenance and repair



• • • •



Upgrades



• Hardware • Software • Capability and complexity
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Labour Spares Inventory Downtime cost to the consumer



Automation System Integration & Engineering Concepts – Contents The Automation System Components & Influencing factors  System Engineering • Life Cycle of a project o Concept development o Requirements R i t o Design development o Validation, Validation Verification, Verification & Integration
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• Environmental Factors o Influences of Environmental Factors on ES



Environmental Factors



(NI 622x Environmental Specifications )



NI 622x Specifications Specifications listed below are typical at 25 °C unless otherwise noted. noted Environmental Operating temperature.....................



0 to 55 °C



Storage temperature......................... –20 to 70 °C Humidity.......................................... 10 to 90% RH, Non-condensing Maximum altitude ...........................



2,000 , m



Pollution Degree (indoor use only) ............................. 2
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Environmental Factors



(Influences of Environmental Factors on ES )



Environmental Factors







 Ambient Temperature  Altitude  Relative Humidity  Pressure  Shock  Vibration  Corrosion  Pollution  climate (normal/explosive) (explosive: climate with acid vapours, combustible gases etc)



Electro magnetic emissions & immunity
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Environmental Factors



(Influences of Environmental Factors on ES )



Ambient Temperature  Temperature Range Commercial: 0 to 70 degree C Industrial: - 40 to 85 degree C Milit Military: - 55 to t 125 degree d C
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Environmental Factors



(Influences of Environmental Factors on ES )



Environmental Factors  Ambient Temperature  Altitude  Relative Humidity  Pressure  Shock  Vibration







 Corrosion  Pollution  climate (normal/explosive) (explosive: climate with acid vapours, combustible gases etc)



Electro magnetic emissions & immunity
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Environmental Factors



(Influences of Environmental Factors on ES )



Pollution Degree Pollution degree is a classification according to the amount of dry pollutant and condensation present in the environment. Importance: it affects creepage and clearance distances required to insure the safety of a product. Pollution Degree 1: No pollution or only dry, nonconductive pollution occurs. occurs The pollution has no effect. effect eg: Clean room environments , Inside of sealed components Pollution Degree 2: Normally only nonconductive pollution occurs. Temporary conductivity caused by condensation is to be expected. e.g.: Laboratories, Test stations, Office environment
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Environmental Factors



(Influences of Environmental Factors on ES )



Pollution Degree cont… Pollution Degree 3: Conductive pollution or dry nonconductive pollution that becomes conductive due to condensation occurs. occurs To be found in industrial environment or construction sites (harsh environments). eg: Electrical equipment in industrial and farming areas Unheated rooms, areas, rooms Boiler rooms Pollution Degree 4: The pollution generates persistent conductivity caused by conductive dust, rain, or snow. eg: Electrical l l equipment for f outdoor d use



38



Environmental Factors



(Influences of Environmental Factors on ES )



Pollution Degree cont… Affect of Pollution degree on safety distances Creepage (in equipment) Creepage (on PCB) Clearance
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Condition



Degree 1



Degree 2



Basic insulation,300V, Category1



0.7mm



3.0mm



0.7mm



1.4mm



0.5mm



0.5mm



Environmental Factors



(Influences of Environmental Factors on ES )



Environmental Factors  Ambient Temperature  Altitude  Relative Humidity  Pressure  Shock  Vibration  Corrosion







 Pollution  climate (normal/explosive) (explosive: climate with acid vapours, combustible gases etc)



Electro magnetic emissions & immunity
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The Automation System Components & Influencing factors



 Hardware  Software
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 Environmental  Human operators



Automation System Integration & Engineering Concepts– Contents







 Packaging & Enclosures of Automation System • Safety Measures o Measurement Categories



• Nature of Environment & Safety Measures o Enclosures of electric equipment for Non-Hazardous



location



 International standards o Enclosures of electric equipment for Hazardous location



 International standards • Intrinsically Safe Equipment • Design Consideration of Enclosures for Different Market Segments
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Packaging & Enclosures of Automation System (Safety Measures)



“Safety” is defined as the collective set of measures taken to ensure that given equipment works satisfactorily under given conditions and to protect its users/operators NI 622x Specifications



S f t Safety This product is designed to meet the requirements of the following standards of safety for electrical equipment for measurement, control, and laboratory use: IEC 61010-1, EN 61010-1 ,UL 61010-1, CAN/CSA-C22.2 No. 61010-1 Maximum Working Voltage Channel to earth ...........................11 V, Measurement Category I Caution: Do not use for measurements within categories II, III, or IV
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Safety Measures



(Measurement Categories)
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Safety Measures



(Measurement Categories)



Cat I —The Cat: e most ost be benign g catego category y with t less ess se severe e e ttransients. a s e ts C CAT I is s for o measurements on circuits not directly connected to the ac supply wall outlet such as protected secondary, signal level, and limited energy circuits. circuits Cat: II—For measurements performed on circuits directly connected to the electrical distribution system such as provided by a wall outlet (115/230 VAC). Examples are measurements on household appliances or portable tools. Cat: III—For measurements performed in the building installation at the distribution level such as on hardwired equipment in fixed installation and circuit breakers. Cat: IV—For measurements performed at the primary electrical supply (
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Nature of Environment & Safety Measures (International Certification Agencies)



North No th American Ame ican Product P od ct Safety Safet Ce Certification tification Underwriters Laboratories (UL) and CSA International (CSA) North American Hazardous Locations Certification UL, CSA, and FM. North American EMI Declaration The U.S. Federal Communications Commission (FCC) European Union Product Safety Certification VDE, TUV, and Demko. European Union Hazardous Locations Certification European Union EMC and Safety Declaration EN 55011 (EMC emissions) emissions), EN 61326 (EMC immunity) immunity), and EN 61010-1 (product safety). Australian EMC Declaration Australian EMI Standard AUS/NZ 2064
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Nature of Environment & Safety Measures (Enclosures of electric equipment)



 Enclosures of electric equipment for non-Hazardous location  Enclosures of electric equipment for Hazardous location International standards for Enclosures :  IEC – Ingress Protection (IP) Standard 60529 (for non-Hazardous location) ( )



 NEMA – NEMA Standards Publication 250 (for Hazardous & non-Hazardous location)



Enclosures for non-Hazardous location: IEC 60529 outlines an international classification system for the sealing effectiveness ff ti off enclosures l off electrical l t i l equipment i t against i t the th intrusion i t i into the equipment of foreign bodies (i.e., tools, dust, fingers) and moisture.
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Nature of Environment & Safety Measures (Enclosures of electric equipment for Non-Hazardous location)



Normall safety N f t measures off electrical l t i l equipment i t comprise: i  Protection of personal against touching live or internal moving parts of the equipment and protection against solid alien bodies  Protection against penetration by water IP Codes (Ingress Protection)  Protection is indicated by code IPXY IP : Ingress Protection X (1st Numeral): protection against solid bodies Y (2nd Numeral) : protection against water B But IEC 60529, 60529 doesn't d ' cover protection i against i mechanical h i l impacts, i corrosion, fungus, vermin, solar radiation, icing, moisture produced by condensation & risk of explosion,
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Nature of Environment & Safety Measures (Enclosures of electric equipment for Non-Hazardous location)
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Nature of Environment & Safety Measures (Enclosures of electric equipment)



1. Type designation 2. Manufacturing year 3. Duty 4. Type of connection 5. Insulation class 6. Machine weight [kg] or [lbs] 7. Degree of protection [IP class] 8. Type of cooling [IC code] 9. Mounting arrangement [IM code] (IEC) 10. Additional info
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11. 12. 13 13. 14. 15. 16. 17 17. 18. 19. 20.



Manufacturer Serial number Output [kW] or [HP] Stator voltage [V] Frequency [Hz] Rotating speed [rpm] Stator current [A] Power factor [cosf] CSA marking Standard



Nature of Environment & Safety Measures



(Enclosures of electric equipment for Non-Hazardous location - IEC 60529)



X (1st Numeral): protection against solid bodies IP



1



Φ50mm



2



Φ12.5mm



3
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Tests



Description Protected against solid bodies larger than 50mm ((e.g.: g accidental contact with hand))







Protected against solid bodies larger than 12.5mm (e g : finger in the hand) (e.g.:



Φ2.5mm



Protected against solid bodies larger than 2.5mm (t l wires) (tools, i )



Nature of Environment & Safety Measures



(Enclosures of electric equipment for Non-Hazardous location - IEC 60529)



X (1st Numeral): protection against solid bodies IP



Tests



4 Φ1mm
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Description Protected against solid bodies larger than 1mm (e.g.: fine tools, small wires)



5



Protected against dust (no harmful deposit)



6



Completely protected against dust



Nature of Environment & Safety Measures



(Enclosures of electric equipment for Non-Hazardous location - IEC 60529)



Y (2nd Numeral) : protection against water IP
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Tests



Description



1



Protected against vertically falling drops of water (condensation)



2



Protected against drops of water falling up 15° from vertical



3



Protected P t t d against i t drops d off water t falling up 60° from vertical



4



Protected P t t d against i t projections j ti water from all directions



off



Nature of Environment & Safety Measures



(Enclosures of electric equipment for Non-Hazardous location - IEC 60529)



Y (2nd Numeral) : protection against water IP Tests Description Protected against jets of water from all directions



6



Completely protected against jets of water of similar force to heavy seas



7 8
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1m



5



15cm min



3m



Protected immersion



against



effects



of



Protected P d against i prolonged l d immersion under specified conditions



Nature of Environment & Safety Measures



(Enclosures of electric equipment for Non-Hazardous location - IEC 60529) Normal Degrees Of Protection



1st Numeral 0 1 2 3 4 5 6
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0 IP 00 IP10 PI20 IP30 IP40 IP50 PI60



1 IP11 IP21 IP31 IP41 -



2 IP12 IP22 IP32 IP42 -



2nd Numeral 3 4 5 6 7 8 IP23 IP33 IP34 IP43 IP44 - IP54 IP55 IP56 - IP65 IP66 IP67 IP68



Nature of Environment & Safety Measures (Enclosures of electric equipment - NEMA Std: Pub: 250)



NEMA Definitions D fi i i Pertaining P i i to Non-Hazardous N H d L Locations: i Type Description
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1



protection against p g limited amounts of falling g dirt



3



protection against rain, sleet, windblown dust, and damage from external ice formation



3R



protection against rain, sleet, and damage from external ice formation



3S



p protection against g rain,, sleet,, windblown dust,, and to p provide for operation of external mechanisms when ice laden



4



protection against windblown dust and rain, splashing water, g from external ice formation hose-directed water,, and damage



4X



protection against corrosion, windblown dust and rain, splashing water, hose-directed water, and damage from ice formation



Nature of Environment & Safety Measures (Enclosures of electric equipment - NEMA Std: Pub: 250)



NEMA Definitions Pertaining to Non-Hazardous Locations: Type Description 6



p protection against g hose directed water,, the entry y of water during occasional temporary submersion at a limited depth, and damage from external ice formation.



6P



protection against hose directed water, water the entry of water during prolonged submersion at a limited depth, and damage from external ice formation.



12



degree of protection against circulating dust, falling dirt, and dripping non-corrosive liquids.



12K
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yp 12 with knockouts. Type



Nature of Environment & Safety Measures



(Enclosures of electric equipment - NEMA Std: Pub: 250) NEMA Definitions Pertaining to Hazardous Locations: Description Type 7



Indoor use - classified as Class I, Division 1, Groups A, B, C or D as defined C, d fi d in i NEC



8



Indoor or outdoor use - classified as Class I, Division 1, Groups A, B, C, and D as defined in NEC



9



Indoor use - classified as Class II, Division 1, Groups E, F, or G as defined in NEC



10
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Mi Mine S f t and Safety d Health H lth Administration Ad i i t ti



Nature of Environment & Safety Measures (Enclosures of electric equipment for Hazardous location)
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Nature of the Environment & Safety Measures International standards for Hazardous location o Hazardous Area Standards in North America & Canada o Hazardous Area Standards in Europe & rest of world  Hazardous Area Standards in North America & Canada NEC National Electric Code for the USA CEC Canadian Electric Code for Canada Third party testing and approval agencies in North America UL Underwriters Laboratories Inc. CSA Canadian Standards Association ETL SEMKO Div. of Intertek Group PLC FM Factory Mutual Research Corporation Third party testing and approval agencies in Canada CSA Canadian Standards Association UL Underwriters Laboratories Inc. ULC Underwriters Laboratories of Canada ETL SEMKO Div. of Intertek Group PLC
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Nature of the Environment & Safety Measures (International standards for Hazardous location)



 Hazardous Area Standards in Europe & rest of world CENELEC; For all countries that are members of the EU (European Union) IEC, NEC, or CEC; Depending on country, owner or constructer



NEC/CEC vs IEC/CENELEC NEC/CEC Defines an area based on level of the hazard and type. Together with other standards published by various testing laboratories, minimum construction requirements are determined for products to be used in hazardous areas IEC/CENELEC Divides hazardous areas into “Zones” and lists product construction style suitable for those zones.
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Nature of the Environment & Safety Measures (International standards for Hazardous location)



Hazardous location as per NEC/CEC for existing installation Class I Potentially explosive gas or vapors Class II Presence of combustible dust Class III Presence of easily ignitable fibers or flyings



Class I (Explosive gases or vapors)



•Division Division 1 (Gases normally present in explosive amounts) •Division 2 (Gases not normally present in explosive amounts)



Gas types by group: The basic deciding factor as to which group a gas belongs is the pressure it creates when ignited
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• Group A



Acetylene



• Group B



Hydrogen



• Group C



Ethylene and related products



• Group D



Propane and alcohol products



Nature of the Environment & Safety Measures (Hazardous location as per NEC/CEC for existing installation)



Class I (Explosive gases or vapors) cont…… • Class I Division 1 – Product must contain an explosion within its structure. It can cease to operate, but it can not cause any damage external to itself. • Class I Division 2 – Product must not be able to ignite any gas it can come in contact with during operation or when or if it fails. This includes any gas that may enter the interior of the product.
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Nature of the Environment & Safety Measures (Hazardous location as per NEC/CEC for existing installation)



Class II



(combustible dust)



•Division 1 (Dusts normally present in explosive amounts) •Division 2 (Dusts not normally present in explosive



Dust types by group
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• Group E



Metal dusts



• Group F



Coal dusts



• Group G G



G i and Grain d non-metallic t lli d dustt



amounts)



Nature of the Environment & Safety Measures (Hazardous location as per NEC/CEC for existing installation)



Class II



(combustible dust) cont…



• Class II Division 1 – Product must not cause the ignition of any dust that may deposited on it, or in the surrounding atmosphere. In addition no dust may penetrate the housing and deposit any material on the interior of the product



• Class II Division 2 – Product must not cause the ignition of any dust that may be deposited on it, or in the surrounding atmosphere
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Nature of the Environment & Safety Measures (Hazardous location as per NEC/CEC for existing installation)



Class III



(easily ignitable fibers or flyings)



•Division 1 (Fibers normally present in explosive amounts) •Division 2 (Fibers not normally present in explosive amounts)



There are no sub groups in Class III areas • Class III – Product must not cause the ignition of any fiber that may be on it, or in the atmosphere around it. In addition, no fibers may penetrate the housing and deposit any material on the interior of the product. TEMPERATURE CODE The temperature code (T-Code) is used to show the maximum temperature attained by the fixture at a given ambient temperature
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Nature of the Environment & Safety Measures (Hazardous location as per NEC/CEC for existing installation)



Marking Device approval rating will normally be expressed as “Class I Division 1, 1 Group C, C ” Where: Class



1



(Explosive gas area)



Division 1



(Gases normally present in explosive amounts)



Group C



(Ethylene related products)



T code T-code



T6 (Coolest temperature rating)



(i.e. Approval would read; Class I div 1, group C (T6 is not required q to be shown as it is the coolest rating) g) If product is not marked Div 1 or 2 it is approved for Div 1 and suitable for either division.
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Nature of the Environment & Safety Measures (International standards for Hazardous location)



Hazardous location classification as per NEC 505/CEC for new installation/ IEC/ CENELEC is based on presence of o Explosive gases o Explosive dusts



Explosive gases • 1st criteria: Ascertain if a gas belongs in group I or II Group I – Products intend for underground mines that are subject to fire-damp (methane gas) Group II – products intend for all other explosive gas atmospheres except for group I areas
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Nature of the Environment & Safety Measures



(Hazardous location as per NEC 505/CEC for new installation/ IEC/ CENELEC )



Explosive gases Cont…. •2nd criteria: Determine type of gas sub division A – Hydrocarbons, oxygen, Halogen, Sulfur, and nitrogen (less explosive concentrations and types) B - Hydrocarbons, Hydrocarbons oxygen, oxygen Halogen, Halogen Sulfur, Sulfur and nitrogen (more explosive concentrations and types) C – Acetylene, hydrogen, carbon disulfide
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Nature of the Environment & Safety Measures



(Hazardous location as per NEC 505/CEC for new installation/ IEC/ CENELEC )



E l i Explosive gases



Cont….



• 3rd criteria: Establish zone Zone 0 – Explosive gas is continuously present A Accepted d protection i standard d d E ia Ex i intrinsically i i i ll safe f Zone 1 – Explosive gas is likely to be present under normal operating condition Accepted protection standard: Ex ib intrinsically safe Ex d flame-proof Ex e increased safety Ex o oil immersed Ex p purged and pressurized Ex q powder filled Ex m encapsulated Zone 2 – Explosive gas may be accidentally present Accepted protection standard: Ex n non sparking and/or non-ignition capable
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Nature of the Environment & Safety Measures



(Hazardous location as per NEC 505/CEC for new installation/ IEC/ CENELEC )



E l i Explosive gases Cont…. •4th criteria: Temperature rating T code
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Maximum temperature in degree Celsius



T1



450



T2



300



T3



200



T4



135



T5



100



T6



85



Nature of the Environment & Safety Measures



(Hazardous location as per NEC 505/CEC for new installation/ IEC/ CENELEC )



E l i Explosive gases Cont…. Marking Device approval rating will normally be expressed as “Ex d IIC T6” Where: Enclosure type



(criteria 3)



Ex d



Group and Gas



( it i 1 & 2) (criteria



II C



Temperature rating



72



(Criteria 4)



(Flameproof) (Standard hazardous area area, all gas types)



T6



(Coolest temperature rating)



Nature of the Environment & Safety Measures



(Hazardous location as per NEC 505/CEC for new installation/ IEC/ CENELEC )



Explosive dusts •Zone 21 – Explosive metallic dusts are present •Zone 22 – Explosive non-metallic dusts are present
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Intrinsically Safe Equipment Intrinsically safe equipment is defined as “equipment equipment and wiring which is incapable of releasing sufficient electrical or thermal energy under normal or



abnormal



conditions



to



cause



ignition



of



a



specific



hazardous



atmospheric mixture in its most easily ignited concentration.” (ISA-RP12.6). This is achieved by limiting the amount of power available to the electrical equipment i t in i the th hazardous h d area to t a level l l below b l th t which that hi h will ill ignite i it the th gases. FUEL



COMBUSTION



OXYGEN
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IGNITION



Intrinsically safe Equipment Configuration of Intrinsically safe Equipment Hazardous Area Intrinsically Safe Equipment Approved
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Non-Hazardous Area Intrinsic Safety y Barrier Approved



Control Equipment q p Room



Intrinsically safe Equipment E amples of Int Examples Intrinsically insicall safe Equipment Eq ipment •4-20 mA dc two wire transmitters •Thermocouples p •RTDs •Strain gages •Pressure, P flow, fl & level l l switches it h •I/P converters •Solenoid valves •Proximity switches •Infrared temperature sensors •Potentiometers •LED indicating lights •Magnetic pickup flow meters
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Intrinsically safe Equipment Temperature sensor installation in hazardous area A temperature loop is determined to be intrinsically safe if it is incapable of ignition under four conditions:  Normal N l power llevels l  Faults in the control room  Faults in the signal wiring  Faults in the sensor
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Intrinsically safe Equipment Temperature sensor installation in hazardous area cont… Smart sensor enclosures(heads) for CEC/ NEC area Explosion Proof For use in: Class I, Division I, Groups B, C, and D and Class II, II Division I, I Groups E, E F, F and G
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Distributed Control System (with Intrinsically safe process equipment )



LV Basics I
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Design Consideration of Enclosures for Different Market Segments



Factors



Commercial



Factors



Industrial



Military



Medical



Priority Levels



Environment



AD



High



High



AD



Safety



High



High



High



High



Cooling



AD



AD



AD



AD



Cost



High



AD



Low



Low



Size



AD



AD



AD



AD



Shape



High



AD



AD



AD



Weight



AD



AD



AD



AD



Mechanisms



AD



AD



High



AD
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Design Consideration of Enclosures for Different Market Segments



Factors



Commercial



Factors



Industrial



Military



Medical



Priority Levels



Materials



AD



AD



High



AD



Finishes



High



AD



AD



AD



Appearance



High



AD



AD



AD



Ergonomics



High



High



High



High



Serviceability



AD



High



High



High



Reliability



Medium- High



High



High



High



Regulations and d standards t d d



AD



AD



High



High
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