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			Preface

			SolidWorks Electrical 2022 is a uniquely designed electrical CAD package from Dassault System.  Easy-to-use CAD-embedded electrical schematic and panel designing enable all designers and engineers to design most complex electrical schematics and panels. You can quickly and easily employ engineering techniques to optimize performance while you design, to cut down on costly prototypes, eliminate rework and delays, and save you time and development costs. SolidWorks Electrical provides thousands of symbols and over 500,000 manufactured parts for use in your design hence saving lots of user time for designing rather than drafting.

			The SolidWorks Electrical 2022 Black Book is, 8th edition of SolidWorks Electrical Black Book, written to help professionals as well as learners in performing various tedious jobs in Electrical control designing. The book follows the best proven step by step methodology. This book is more concentrated on making you able to use tools at right places. The book starts with basics of Electrical Designing, goes through all the Electrical controls related tools and ends up with practical examples of electrical schematics. Chapters also cover Reports that make you comfortable in creating and editing electrical component reports. There are two annexures added to explain basic concepts of control panel designing. Some of the salient features of this book are :

			In-Depth explanation of concepts

			Every new topic of this book starts with the explanation of the basic concepts. In this way, the user becomes capable of relating the things with real world.

			Topics Covered

			Every chapter starts with a list of topics being covered in that chapter. In this way, the user can easy find the topic of his/her interest easily.

			Instruction through illustration

			The instructions to perform any action are provided by maximum number of illustrations so that the user can perform the actions discussed in the book easily and effectively. There are about 650 illustrations that make the learning process effective.

			Tutorial point of view

			The book explains the concepts through the tutorial to make the understanding of users firm and long lasting. Each chapter of the book has tutorials that are real world projects.

			Project

			Free projects and exercises are provided to students for practicing.

			For Faculty

			If you are a faculty member, then you can ask for video tutorials on any of the topic, exercise, tutorial, or concept. As faculty, you can register on our website to get electronic desk copies of our latest books. Faculty resources are available in the Faculty Member page of our website (www.cadcamcaeworks.com) once you  login. Note that faculty registration approval is manual and it may take two days for approval before you can access the faculty website.

			Formatting Conventions Used in the Text

			All the key terms like name of button, tool, drop-down etc. are kept bold.

			Free Resources

			Link to the resources used in this book are provided to the users via email. To get the resources, mail us at cadcamcaeworks@gmail.com or info@cadcamcaeworks.com with your contact information. With your contact record with us, you will be provided latest updates and informations regarding various technologies. The format to write us e-mail for resources is as follows:

			Subject of E-mail as Application for resources of ........ book.

			Also, give your information like

			Name:

			Course pursuing/Profession:

			Contact Address:

			E-mail ID: 

			For Any query or suggestion

			If you have any query or suggestion, please let us know by mailing us on cadcamcaeworks@gmail.com and info@cadcamcaeworks.com. Your valuable constructive suggestions will be incorporated in our books.

		


			​About Authors

			The author of this book, Matt Weber, has authored many books on CAD/CAM/CAE  available already in market. SolidWorks Electrical Black Books are one of the most selling books in SolidWorks Electrical field. The author has hands on experience on many CAD/CAM/CAE packages. If you have any query/doubt during your course, then you can contact the author by writing at cadcamcaeworks@gmail.com

			The author of this book, Gaurav Verma, has written and assisted in more than 16 titles in CAD/CAM/CAE which are already available in market. He has authored AutoCAD Electrical Black Books which are available in both English and Russian language. He has also authored books on vocational courses like Automotive Electrician and Civil Electrician. He has provided consultant services to many industries in US, Greece, Canada, and UK.

		


		
			​ Chapter 1

			​Basics of Electrical Drawings

			[image: ]

			The major topics covered in this chapter are:

			•Need of Drawings

			•Electrical Drawings

			•Common Symbols in Electrical Drawings

			•Wire and its Types

			•Labeling

		


			​Need of Drawings

			In this book, we will learn about electrical wiring and schematics created by using tools in SolidWorks Electrical. Most of the readers of this book will be having prior experience with electrical drawings but there are a few topics that should be revised before we move on to practical on software.

			When we work in an electrical industry, we need to have a lot of information ready like the wire type, location of switches, load of every machine, and so on. It is very difficult to remember all these details if you are working on electrical system of a big plant because there might be thousands of wires connecting hundreds of switches and machines. To maintain accuracy in wiring of such big systems, we need electrical drawings. Earlier, electrical drawings were handmade but now, we use printed documentation for these informations. Figure-1 shows an electrical drawing (electronic).

			[image: ]

			​Electrical Drawings

			Electrical drawings are the representation of electrical components connected with wiring to perform specific tasks. An electrical drawing can be of a house, industry, or an electrical panel. Electrical drawings can be divided into following categories:

			•Circuit diagram

			•Wiring diagram

			•Wiring schedule

			•Block diagram

			•Parts list

			​​Circuit Diagram

			A circuit diagram shows how the electrical components are connected together. A circuit diagram consists:

			•Symbols to represent the components;

			•Lines to represent the functional conductors or wires which connect the components together.

			A circuit diagram is derived from a block or functional diagram (see Figure-2). It does not generally bear any relationship to the physical shape, size, or layout of the parts. Although, you could wire up an assembly from the information given in it, they are usually intended to show the detail of how an electrical circuit works.

			[image: ]

			​​Wiring Diagram

			A wiring diagram is the drawing which shows complete wiring between the components. We use wiring diagrams when we need to represent:

			•Control or signal functions;

			•Power supplies and earth connections;

			•Termination of unused leads, contacts;

			•Interconnection via terminal posts, blocks, plugs, sockets, and lead-throughs.

			The wiring diagrams have details, such as the terminal identification numbers which enable us to wire the unit together. Note that internal wiring of components is generally not displayed in the wiring diagrams. Figure-3 shows a wiring diagram.

			[image: ]

			​​Wiring Schedule

			A wiring schedule defines the wire reference number, type (size and number of conductors), length, and the amount of insulation stripping required for soldering.

			In complex equipment, you may also find a table of interconnections which will give the starting and finishing reference points of each connection as well as other important information such as wire color, identification marking, and so on. Refer to Figure-4.

			[image: ]

			​​Block Diagram

			The block diagram is a drawing which is used to show and describe the main operating principles of the equipment. The block diagram is usually drawn before the circuit diagram is started.

			It will not give the detail of the actual wiring connections or even the smaller components. Figure-5 shows a block diagram.

			[image: ]

			​​Parts list

			Although, Part list is not a drawing in itself but most of the time it is a part of the electrical drawing project; refer to Figure-6. The parts list gives vital information:

			•It relates component to circuit drawing reference numbers.

			•It is used to locate and cross refer actual component code numbers to ensure you have the correct parts to commence a wiring job.

			[image: ]

			We have discussed various types of electrical drawings and you may have noted that there are various symbols to represent components in these drawings. Following section will explains some common electrical symbols.

			​Symbols in Electrical Drawings

			Symbols used in electrical drawings can be divided into various categories discussed next.

			​​Conductors

			There are 12 types of symbols for conductors; refer to Figure-7 and Figure-8. These symbols are discussed next.

			1. General symbol, conductor or group of conductors.

			2. Temporary connection or jumper.

			3. Two conductors, single-line representation.

			4. Two conductors, multi-line representation.

			5. Single-line representation of n conductors.

			6. Twisted conductors. (Twisted pair in this example.)

			[image: ]

			7. General symbol denoting a cable.

			8. Example: eight conductor (four pair) cable.

			9. Crossing conductors – no connection.

			[image: ]

			10. Junction of conductors (connected).

			11. Double junction of conductors.

			12. Alternatively used double junction.

			​​Connectors and terminals

			Refer to Figure-9.

			13. General symbol, terminal or tag. 

			14. Link with two easily separable contacts.

			15. Link with two bolted contacts.

			16. Hinged link, normally open.

			17. Plug (male contact).

			18. Socket (female contact).

			19. Coaxial plug.

			20. Coaxial socket.

			These symbols are used for contacts with moveable links. The open circle is used to represent easily separable contacts and a solid circle is used for bolted contacts.

			​​Inductors and transformers

			Refer to Figure-10.

			21. General symbol, coil or winding.

			22. Coil with a ferromagnetic core.

			23. Transformer symbols.

			[image: ]  [image: ]

			​​Resistors

			Refer to Figure-11.

			24. General symbol.

			25. Old symbol sometimes used.

			26. Fixed resistor with a fixed tapping.

			27. General symbol, variable resistance (potentiometer).

			28. Alternative (old).

			29. Variable resistor with preset adjustment.

			30. Two terminal variable resistance (rheostat).

			31. Resistor with positive temperature coefficient 

			    (PTC thermistor).

			32. Resistor with negative temperature coefficient

			    (NTC thermistor).

			​​Capacitors

			Refer to Figure-12.

			33. General symbol, capacitor. (Connect either way round.)

			34. Polarised capacitor. (Observe polarity when making connection.)

			35. Polarized capacitor, electrolytic.

			36. Variable capacitor.

			37. Preset variable.

			[image: ]   [image: ]

			​​Fuses

			Refer to Figure-13.

			38. General symbol, fuse.

			39. Supply side may be indicated by thick line: observe orientation.

			40. Alternative symbol (older).

			[image: ]

			​​Switch contacts

			Refer to Figure-14.

			41. Break contact (BSI).

			42. Alternative break contact version 1 (older).

			43. Alternative break contact version 2.

			44. Make contact (BSI).

			45. Alternative make contact version 1.

			46. Alternative make contact version 2.

			47. Changeover contacts (BSI).

			48. Alternative showing make-before-break.

			49. Alternative showing break-before-make.

			[image: ]

			​​Switch types

			Refer to Figure-15.

			50. Push button switch momentary.

			51. Push button, push on/push off (latching).

			52. Lever switch, two position (on/off).

			53. Key-operated switch.

			54. Limit (position) switch.

			[image: ]

			​​Diodes and rectifiers

			Refer to Figure-16.

			55. Single diode. (Observe polarity.)

			56. Single phase bridge rectifier.

			57. Three-phase bridge rectifier arrangement.

			58. Thyristor or silicon controlled rectifier (SCR) general symbol.

			59. Thyristor – common usage.

			60. Triac – a two-way thyristor.

			[image: ]

			​​Earthing

			Refer to Figure-17.

			[image: ]

			Although there are lots of standard symbols in the electrical library, you might still need some user defined symbols for your drawing. You can create these symbols and give map keys/legends for them in the drawing. You will learn about creating symbols later in the book  

			After learning about various symbols, the next important topic is wire and its specifications.

			​Wire and Specifications

			Electrical equipment use a wide variety of wires and cables. It is the responsibility of designer to correctly identify and create the wires in the drawing which are suitable for the current application. The wrong wire types can cause operational problems and could render the unit unsafe. Some factors to be considered for wire selection are:

			• The insulation material;

			• The size of the conductor;

			• Conductor material;

			• Solid or stranded and flexible.

			​​Types of Wires

			•Solid or single-stranded wires are not very flexible and are used where rigid connections are acceptable or preferred usually in high current applications like in power switching contractors. This type of wire can be un-insulated.

			•Stranded wire is flexible and most interconnections between components are made with it.

			•Braided wire, also called Screened wire, is an ordinary insulated conductor surrounded by a conductive braiding. In this type of wire, the metal outer is not used to carry current but is normally connected to earth to provide an electrical shield to the internal conductors from outside electromagnetic interference.

			​Wire specifications

			There are several ways to represent wire specifications in electrical drawings. The most common method is to specify the number of strands in the conductor, the diameter of the strands, the cross sectional area of the conductor, and then the insulation type. Refer to Figure-18:

			•The 1 means that it is single conductor wire.

			•The conductor is 0.6 mm in diameter and is insulated with PVC.

			•The conductor has a cross-sectional area nominally of 0.28 mm.

			[image: ]

			Standard Wire Gauge

			If you are using solid wire in your drawings then it can be represented in drawing by using the Standard Wire Gauge or ​SWG system. The SWG number is equivalent to a specific diameter of conductor; refer to Figure-19.

			  For example; 	30 SWG is 0.25 mm diameter.

			  			14 SWG is 2 mm in diameter.

			  The larger the number – the smaller the size of the conductor.

			There is also an American Wire Gauge (AWG) which uses the same principle, but the numbers and sizes do not correspond to those of SWG.

			[image: ]

			Till this point, we have learned about various schematic symbols and wires. Now, we will learn about labeling of components.

			​​Labeling

			Labeling is the marking of components for identifying incoming and outgoing supply; refer to Figure-20.

			[image: ]

			Coils are marked alphanumerically, e.g. A1, A2.

			  Odd numbers – incoming supply terminal.

			  Even numbers – outgoing terminal.

			Main contacts are marked with single numbers:

			  Odd numbers – incoming supply terminal.

			  Next even number – outgoing terminal.

			We will find different type of markings while working on the electrical drawings.

			​Cable Markers

			Cable or wire markers are used to identify wires, especially in multi way cables or wiring harnesses. Both ends of the wires are marked with the same numbers to identify start and end of the wires.

			Often the cable/wire numbers are same as those of connectors to which they are connected. In any case, the wiring drawing or run-out sheet will give the wire numbers to be used. The markers are placed so that the number is read from the joint as illustrated. This example shows wire number 27; refer to Figure-21.

			[image: ]

			Most of the cables have numbers printed as well as being colored, although you may find some wires/cables colored only. 

			Some cable markers are wrapped round the wire and are adhesive, while others are like small sleeves which slip over the insulation.

			​Self-Assessment

			Q1. Define Electrical Drawings and its types.

			Q2. What is the difference between circuit diagram and wiring diagram?

			Q3. ............... is a type of drawing which defines the wire reference number, type (size and number of conductors), length, and the amount of insulation stripping required for soldering.

			Q4. The .............. is a drawing which is used to show and describe the main operating principles of the equipment and is usually drawn before the circuit diagram is started.

			Q5. Which of the following is symbol for twisted pair conductor?

			A.[image: ]

			B.

			C.

			D.

			Q6. Which symbol is used to represent easily separable contact?

			A. [image: ]

			B.

			Q7. Which of the following wires are not very flexible and are used where rigid connections are accept able or preferred usually in high current applications ?

			A. Single-stranded wire

			B. Stranded Wire

			C. Braided Wire

			D. Coaxial Wire

			Q8. The larger the SWG number of wire – the smaller the size of the conductor (T/F)

			Answer for Self-Assessment: 

			Ans3. Wiring Schedule, Ans4. Block Diagram, Ans5. D, Ans6.A,  Ans7. A, Ans8. T   
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Figure-10. Inductors symbols
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Figure-8. Symbols for conductors





OEBPS/image/20.png
SWG table

SWG No. Diameter
14swg 2 mm
16swg 1.63 mm
18swg 1.22 mm
20swg 0.91 mm
22swg 0.75 mm
24 swg 0.56 mm
25swg 0.5 mm
30swg 0.25 mm

Figure-19. SWG table
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Figure-7. Symbols for conductors
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Figure-9. Connectors symbols





OEBPS/image/19.png
Figure-18. Example of wire specification
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Figure-6. Parts list
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Figure-13. Fuses symbols
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Figure-11. Resistors symbol
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Figure-12. Capacitors symbols
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Figure-4. Wiring Schedule
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Figure-15. Switch symbols
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Figure-3. Wiring diagram
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Figure-2. Circuit diagram
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Figure-21. Wire marking
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Figure-17. Earthing
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Figure-20. Contacts
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Figure-16. Diode Symbols





