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DESIGN


ELECTRICAL WIRING DRAFTING PRACTICES
B3

1.0

Scope

Electrical wiring drafting practice includes drawings dealing with apparatus for the generation, distribution and control of electricity. Drawings take the form of ordinary working drawings or schematic or diagrammatic drawings. 
1.1

These standards are designed to acquaint the designer/engineer with the practices used in the preparation of electrical drawings and to explain the more commonly used terms and symbols. 

1.1.1
The design and specification of electrical apparatus requires specialized knowledge; therefore, it is recommended that the designer/engineer consult freely with the electrical engineer. 

1.2

Electrical Terms 

Some of the more common terms related to electrical practice are defined as follows: 

1.2.1
Volt 

The volt is the unit of electromotive force which when steadily applied to a conductor whose resistance is one ohm will produce a current of one ampere. 

1.2.2
Ampere 

The ampere is the unit measurement of energy flow in an electrical circuit. Amperage is to an electrical system what liters per minute of flow is to a hydraulic system. 

1.2.3
Ohm

The ohm is a unit of electrical resistance. It is used to measure the inherent quality that a material has to resist the flow of electricity. Resistance in an electrical system is analogous to viscous drag in a hydraulic system. 

1.2.4
Conductor 

A conductor is the means by which electrical energy is transmitted from its source to its point of consumption. Most metals are conductors. Those metals commonly used in order of their electrical conductivity are silver, copper, gold, aluminum, tungsten, zinc and brass. 

1.2.5
Insulator 

An insulator is a material used to block the flow of electricity. Insulating materials most commonly used are asbestos, cotton, enamel, glass, mica, paper, plastic, porcelain and rubber. The property of an insulating material which enables it to resist passage of electricity is called dielectric strength. This is measured in volts for a specific thickness of insulation. 

1.2.6
Strand 

A strand is a single solid thread of conducting material, generally circular in cross section. 

1.2.7
Member 

Group of strands bunched or twisted together to form a unit of a conductor. 

1.2.8
Conductor Configuration. 

The conductor may be made of a single strand, a group of strands, or group of members. 

1.2.9
Lay 

Lay is the direction and amount of twist of the strands that form the conductor. Lay also applies to the geometrical arrangement of the strands in a member or of the members that form the conductor. A concentric lay is composed of a central strand surrounded by one or more layers of helically laid strands. A rope lay is composed of a central member surrounded by one or more layers of helically laid members. Rope lay conductors are more flexible than concentric lay conductors. 

1.2.10

Cable (Wire) 

A cable (wire) is an assembly consisting of a conductor, insulation and protective coverings. Figure 1.01 shows several types of cables and cords and their construction. 

1.2.11

Cable Covering 

Electrical cables may have an exterior covering in addition to the conductor and its insulation. The material used for the outside covering depends upon the service required of the cable or conditions under which it must function. 

1.2.11.1
Cable covering may be a braid of woven cotton, silk, nylon, glass, plastic or metal. The purpose of the braid is to improve the physical quality as well as enhance appearance. Metallic shields where grounded are used to suppress electrical interference. 

1.2.11.2
A sheath or jacket covering may be extruded over the insulation. Materials most commonly used are thermoplastic or thermosetting. Sheathed cables and cords are generally used where service is severe or conditions demand a high factor of safety and utility, such as cords for electric sweepers, washers, refrigerators, fans and portable tools. 
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Figure 1.01 - Cables and Cords 
 

2.0

DRAWING PRACTICES 

2.1

Schematic Drawings

Figure 2.01 shows a typical wiring harness assembly drawing with schematic wiring diagrams used to show all or a part of the electrical circuits. The designer/engineer, when making schematic drawings, should use only recognized graphical symbols or those conventional in the industry. 
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Figure 2.01 - Wiring Harness Assembly 
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Figure 2.01 (Continued) 
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Figure 2.01 (Continued)
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Figure 2.01 (Continued)
2.2

Diagrammatic Drawings 

In the electrical field, diagrammatic drawings receive a wide variety of treatment. They are usually drawn with a combination of graphic symbols, schematic lines and semi-pictorial facsimiles of the attaching electrical units. They are seldom drawn with truly graphical symbols. Figure 2.02 is an example of a diagrammatic wiring drawing for an automotive electrical system. 
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Figure 2.02 - Typical Automotive Wiring Diagram 
  

2.3

Installation Drawings  

In the automotive and appliance fields, installation drawings are used extensively. The drawings are usually prepared in perspective. This type of pictorial representation, as shown in Figure 2.03, together with written instructions form an ideal system for conveying information.  Bold lines are used to accentuate the topic of the instructions whereas subsidiary detail is shown with conventional lines. 
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Figure 2.03 - Installation Drawing Showing Wiring For a Typical Electric Seat Adjuster 
 

2.4

Lamp Layout Drawings 

External lighting on passenger cars, trucks and buses must meet a number of state and federal laws. It is recommended that draftsmen refer to the section on lighting equipment and photometric tests of the SAE Standards for certain dimensional data applicable to exterior lighting devices. The corporation legal staff should be consulted for the latest dimensioned locations for such devices. 

2.5

Wiring Harness Assembly Drawings 

Large wiring assemblies are complex by nature and, therefore, a wiring assembly drawing should be spread evenly over the sheet with no attempt to keep conductor lengths proportionate since this would lead to unnecessarily large drawings. See Figure 2.01. No attempt is made to make the drawing to scale. 

2.5.1
Wiring Assembly Instruction 

Wiring assembly drawings must portray the requirements of the basic design of the system and provide information that will assist in the proper installation and servicing of the electrical system. In the automotive and appliance fields, a drawing such as shown in Figure 2.01 is adequate from the standpoint of both the manufacturer and the customer. 

2.6

Dimensioning 

Two of several methods that might be used to dimension wiring assembly requirements are shown in Figure 2.04. The preferred method provides for less variation in the lengths of the terminations and is dimensioned to meet the requirements of the installation. The method not recommended permits a wide variation between the terminations. Extreme variations should be avoided since they may create assembly problems. 
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Figure 2.04 - Dimensioning Methods 
 

2.6.1
Determining Dimensions For Wiring Assemblies 

Lengths may be determined by direct measurement of the experimental unit or from a layout. Regardless of which method is used, it is recommended that each dimension shown on the assembly drawing be the measured length, plus enough additional length to offset its negative tolerance. 

2.7

Circuit Identification and Identifying Outlets 

Experience has shown that it is helpful to identify each cable in a wiring harness assembly drawing with a number other than a part number. Numbering simplifies the listing of specifications for the individual cables on the drawing and also helps the reader follow the path of each cable through the harness. It is recommended that each cable be given a different number except where cables are spliced together within the harness or at an end fitting. In these cases, the same number is repeated but is suffixed with an alphabetic letter. This practice is used to emphasize the fact that circuit continuity exists. Cable numbers are shown in cavities of connector end views or shown in a circuit indexing chart as shown in Figure 2.01. Identification by title of the circuit to which a connection is to be made, such as ammeter, ignition switch, starter switch, etc, is especially useful for installation purposes.
2.7.1
Color System 

The color system of circuit identification is affected by the use of different colored cables to distinguish the various circuits in a wiring system. However, in some cases the same colors may be used several times, particularly if the outlets are distinctively separated and cannot be confused with one another. It is not uncommon to have several circuits identified with the same color of cable at a single outlet if differences in terminating connectors make incorrect assembly impossible. 

2.7.1.1
To increase the number of cable color combinations, tracers of contrasting color are introduced into the outer covering of cotton braided cables. Thermoplastic insulated cable is thinly striped with a contrasting color to affect a greater variety of color combinations for circuit identification purposes. Several representative examples of colors for circuit identification are shown in Figure 2.05.
2.7.2
Marker System 

The marker system makes use of small printed or stamped markers made of metal or more often made of an adhesive paper material. These markers are affixed near the ends of each cable and may carry the circuit identification in the form of numbers, letters, symbols, abbreviations or words. In this system it is customary to use the same color of cable for all circuits. Proper connections are possible by matching the termination designation on the equipment. 

2.8

Fittings

Common fittings, such as terminals, are portrayed on assembly drawings by a single view which is the most descriptive of the part. Figure 2.06 shows a few types of terminals attached to cables as they may be shown on a wiring assembly drawing. Some fittings, due to their design, may require additional views particularly if they are connectors where indexing or the relationship to engagement slots or pins is important. Fittings may be soldered, welded or mechanically crimped to the cable. 

2.9

Tolerances 

It is recommended that bilateral tolerances be used on all wiring assembly dimensions. Tolerances should be as liberal as possible, yet consistent with economical manufacturing limits and practical for installation purposes. The tolerances charted in Figure 2.07 are representative examples. Figure 2.01 illustrates a typical wiring assembly showing tolerances applicable to the given dimensions. 
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Figure 2.05 - Recommended Cable Colors 
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Figure 2.06 - Terminals 
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Over 2500.0 thru 5000.0 Incl 38.0 38.0 38.0 50.0 - 38.0
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Figure 2.07 - Length Tolerance Chart (mm)

2.10
SAE Mountings 

The Society of Automotive Engineers has established a number of standard mountings and dimensions for automotive equipment. In the design of electrical equipment, the designer/engineer should refer to these standards for specific information on various components. 

2.11
Abbreviations and Symbols 

In electrical drafting work, abbreviations and symbols are used extensively. They are the shorthand language of the electrical industry. 

2.11.1 Some abbreviations are shown in ABBREVIATIONS AND ACRONYMS, Section D. For a more complete listing of accepted abbreviations, reference may be made to various nationally known standards. The designer/engineer should be conversant with the abbreviations and symbols most commonly used in his particular branch of the industry. 

3.0

DESIGN HINTS 

3.1

Wire Gage 

The conventional standard for designating the diameter of copper, silver, aluminum, brass, phosphor-bronze, and zinc wire in the United States is the American Wire Gage (AWG), which is identical to the Brown and Sharpe gage (B & S). The gage is based upon a mathematical formula. A wire size is defined at each extreme and all intermediate sizes are in order of steps in a geometrical progression. Gage number 0000 is defined as being 11.684 mm in diameter while gage number 36 is defined as being 0.127 mm in diameter. Thirty-eight sizes are established between these extremes in such a way that 1.1229 times the diameter of any size is equal to the next larger size. 

3.1.1
The chart in Figure 3.01 is offered for reference only and specifies the gage size, diameter and circular mil area of the most commonly used sizes of wire with values soft converted from inch to metric. Gage sizes 5, 7, 9, 11, 13, 15, 17 and 19 are omitted as they are not generally used. 
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Gage Wire Diameter Wire Area
Number (mm) {mm?)
0000 11.684 107.2193
000 10.404 85.0140
00 9.266 67.4333
0 8.252 53.4821
1 7.348 42.4061
2 6.543 33.6236
3 5.827 26.6674
4 5.189 21.1474
6 4.115 13.2993
8 3.264 8.3674
10 2.588 5.2604
12 2.053 3.3103
14 1.628 2.0816
16 1.291 1.3090
18 1.024 0.8235
20 0.812 0.5178
21 0.723 0.4106
22 0.644 0.3257
23 0.573 0.2579
24 0.511 0.2051
25 0.455 0.1626
26 0.405 0.1288
27 0.361 0.1024
28 0.321 0.0809
29 0.286 0.0642
30 0.255 0.0511
31 0.227 0.0405
32 0.202 0.0320
33 0.180 0.0254
34 0.160 0.0201
35 0.143 0.0161
36 0.127 0.0127





Figure 3.01 – American Wire Gage 
 

3.2

Electrical Wire and Cable 

Wire and cables are used in radios, motors, generators, household appliances, engines, passenger cars, trucks and buses as well as many other manufactured devices. 

3.3

Automotive Cable 

Several types of automotive cables are manufactured for the industry. A braidless, thermoplastic insulated, copper conductor cable is commonly used on passenger vehicles and trucks. It is manufactured in a variety of colors and gage sizes. The chart in Figure 3.02 depicts a few of the physical characteristics of automotive cable. 

[image: image13.png]AUTOMOTIVE CABLE

SAE SAE, AWG Number Strand Metric Maximum
Metric Size Size of Diameter Area Resistance
(mm?) (Ref) Strands (mm) (mm) OHMS Per Meter!
0.5 20 7 0.31 0.528 0.034600
0.8 18 19 0.23 0.789 0.023100
1.0 16 19 0.28 1.170 0.015700
2.0 14 19 0.36 1.934 0.009500
3.0 12 19 0.45 3.022 0.006000
5.0 10 19 0.57 4.848 0.003800
8.0 8 19 0.71 7.522 0.002400
13.0 6 37 0.66 12.658 0.001500
19.0 4 61 0.63 19.015 0.000950
32.0 2 127 0.57 32.407 0.000565
40.0 1 127 0.63 39.589 0.000462
50.0 0 127 0.71 50.282 0.000364
62.0 00 127 0.79 62.251 0.000294
81.0 000 259 0.63 80.737 0.000227
103.0 0000 259 0.71 102.543 0.000178

1 Resistance measured at 20 degrees celsius. The resistance values are for copper wire and are based upon the minimum
permissible wire diameter and the number of wires that constitute the core.





Figure 3.02 - Automotive Cable 
 

3.4

Wiring Systems 

Two basic wiring systems are covered in this standard, the one-wire or ground return system and the two-wire system. Figure 3.03 depicts simple diagrams of each system. 
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Figure 3.03 - Wiring Systems 
 

3.4.1
One-Wire System 

The wiring system used on most passenger cars and trucks is known as one-wire or ground return system. In this system a single cable is used to carry the current to the point of use and the frame or other structure is used as the conductor for the return current to the battery. This system has the advantage of saving considerable cable and minimizing insulation problems throughout the vehicle. 

3.4.1.1
It is important that all instruments, devices and parts requiring a return circuit through the frame or other structure be well grounded. Painted surfaces act as insulators; consequently, painted metal parts fastened to other metal parts should be well grounded to insure circuit continuity. Internal-external tooth lock washers make good electrical contact through painted surfaces. Parts that are plated with silver, cadmium, tin or zinc when joined together in metal contact provide good electrical continuity for ground returns. 

3.4.2
Two-Wire System 

In a two-wire or insulated system, current is carried by separately insulated cables from it source to the point of use and return. The insulated system is used chiefly where high voltage, safety or other considerations make it preferable.
3.5

Wiring Assemblies 

The design of the wiring in a selected system is important to the initial functioning and continued operation as well as the servicing of an electrical device. This requires the careful consideration and selection of all components. 

3.5.1
Single Lead 

The single lead is the simplest form of a wiring assembly. It may be a length of cable cut to a specified dimension with the insulation removed from the core for a short distance at each end. Generally, single leads have fittings attached to the ends of the cable to facilitate assembly operations. 

3.6

Terminal Insulators 

Many terminals require insulators to prevent grounded or shorted circuits. An insulator may be applied to the terminal in the form of tubing or as a separate molded part as shown in Figure 3.04. 

3.7

Harnesses 

Where more than one cable comprises a unit of electrical wiring, it is customarily referred to as a harness. Actually, a harness is a number of single leads or cables held together in dimensional relationship to each other by tape or other means. Economy of manufacturing, installation and servicing are factors that serve to regulate the size of a harness. 
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Figure 3.04 - Terminal Insulators 
 

4
GENERAL INFORMATION
This standard is controlled by the Delphi Design Standards Team (DDST).

REVISION RECORD

	DATE
	REVISION
	DESCRIPTION

	08NO04
	00
	Initial Publication

	19SE07
	01
	Removed references to General Motors





SEPTEMBER 2007
When printed, this document is uncontrolled.      

1

[image: image16.wmf]_1077615750.doc


DELPHI  ENGINEERING  STANDARD







DESIGN












