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1
Scope

Soldering may be defined as the process of joining two metals with another metal that melts below the temperature of the metals being joined. Solders are alloys of non-ferrous metals which melt below 800 F (426.7 C). Soldered joints depend for their strength on the alloying of the solder with the base metals and upon mechanical bonding. 

1.1

Soldering operations are widely employed in the automotive and electrical equipment industries as a means of joining non-stressed parts and providing liquid tight joints. When soldering is considered as a method of assembly, many factors, conditions and materials are involved. Therefore, soldering will be discussed herein from a general standpoint and, for specific information applicable to a given product design, the designer should consult the product and process engineers. 
1.2

Soldering of electronic assemblies has unique product/process specific requirements. For details on selecting solder and designing for electronic assemblies, contact the Delphi E&S Soldering MTT http://mtt.delcoelect.com/Soldering/ .
 
2    USES 

Soldering is employed for various purposes, some of which are as follows: 

· To hold two or more parts together in an assembly. 

· To provide liquid and gas tight features to mechanical joints. 

· To assure electrical conductivity. 

· To improve surface contours for appearance. 

· To tin surface prior to subsequent soldering operations. 

· To aid in repair and salvage. 

· To protect against corrosion. 

3
SOLDER MATERIALS
Soft solders are used for applications where operating temperatures are not high and where strength of the joint is not a critical factor. They are the only materials generally thought of in conjunction with soldering operations because their melting point is < 800 F (426.7 C). The silver-copper brazing alloys, often called hard solders, have a much higher melting point and are considered to fall in the field of brazing. 

3.1

The composition of solders varies for different purposes, conditions and processes. In general, the principal metals used in solders are tin and lead, except for joining aluminum which requires a solder composed mainly of tin and zinc. Certain advantages may be gained by adding small amounts of other alloys, such as antimony, bismuth, silver and zinc. 

3.2

Generally, solders that contain a high percentage of tin are better in strength while those rich in lead are more ductile. Strength, cost and melting temperatures are factors that should be considered when selecting a solder for a given application. Consult Materials Engineering for solder material specifications.

3.3

Solders are available in bar, wire, strip, foil, powder, slab and ingot form. Wire solder may be made with a flux core. 

4
SOLDERING FLUXES
Fluxes are used in conjunction with the soft solders to improve the joint and to facilitate soldering operations. The functions of fluxes are to minimize oxidation of the filler metal and surfaces being joined, to dissolve any oxides which may have formed before soldering or during the soldering process and to promote free flowing of the filler metal. Fluxes also increase the wetting properties of solder. 

4.1

Fluxes are divided into two groups, namely, corrosive or acid type and non-corrosive type. They are applied to the joint to be soldered in the liquid, slurry or solid form. Of the corrosive fluxes, zinc chloride is the most commonly used although there are other compositions available for use with different solders. When corrosive fluxes are employed, it is important that the flux residues be removed from the joint after soldering by some cleaning method such as washing. Where residues cannot be readily removed, the use of a non-corrosive flux is recommended. Rosin or man made resins are the chief ingredient of this type of flux. Consult Materials Engineering for flux material specifications. 

5
SOLDERING PROCESSES
Various methods of heating and applying solder are employed in manufacturing operations when soldering joints. The more common processes are briefly described as follows. 

5.1

Hand Soldering Process 

This process is accomplished by means of a soldering copper, more commonly known as a soldering iron. It is a hand tool with a shaped tip made of copper or other metal which is heated internally by electricity, gas or by an external means. 

5.1.1
Before the soldering copper can be used efficiently, it must be tinned and maintained in a clean condition. The copper, when placed on the joint to be soldered, supplies the heat for melting the solder as the solder is touched to it as well as for bringing the materials to be joined to the proper temperature for fusing. The soldering copper affords the most common method of soldering because of its flexibility and adaptability for most work. Too, it can be employed where a fire hazard exits, where pouring of molten solder is prohibited or where heat input must be minimized. Typical applications of this method are sheet metal seams, electrical leads and terminals, and repair work. 

5.2

Open Flame Process 

Where fast heating of joints is required or ferrous metals are being joined, open flames from a blow torch or welding torch may be played on the surface or joint to be soldered before applying solder. The heated surface helps to melt the solder, after which undesirable excess may be wiped off before it solidifies. An example is the building up of an automobile body surface over a gas welded joint so that the over-all surface will have a pleasing and continuous contour. 

5.3

Induction Heating Process 

This process is a fast method of soldering because the joint is heated electrically by induction which localizes the heat. Parts and solder preforms are usually assembled in a fixture which positions them inside of an induction coil. 

5.4

Solder Bath Process 

When parts are small or there are numerous small joints on an assembly, soldering may be done by dipping the assembly in a bath of molten solder. It should be noted that the joints are usually mechanically locked together before the assembly is suspended in a bath to a depth that covers the joints being soldered. The bath supplies the necessary heat as well as the solder. Examples using this method are: tinning ends of electrical leads, soldering terminals to ends of leads and soldering conductors of an armature assembly to its commutator, and assembling radiator components. Automated solder bath systems that incorporate fluxing and pre-heating of the product are commonly used in soldering electronic assemblies.

5.5

Wiping Process 

This method is used for joining and sealing sections of lead pipe or lead pipe with brass, bronze and copper fittings. More skill is required in this process than for the others. The solder in a plastic state is poured slowly over the joint, thereby supplying heat to the base metals. A cloth held under the joint catches the solder as well as retains it against the joint. Then, the solder is worked and wiped until the joint attains the proper heat and the solder is shaped, after which any excess is wiped off as the joint cools and the solder hardens. 

5.6 
Sweating Process 

This method of soldering is economical for many jobs because it can be done automatically. It is necessary that the parts be held together mechanically by staking, crimping, folding, etc., before they are conveyed through an oven. Solder is supplied by preforms or paste on the joint or the parts may be tinned before being assembled. The heat from the oven melts the solder, allowing it to flow or sweat into the joint. An application of this method is in the building of cans and containers which have locked seal. 

6
SOLDERING PROCEDURES
Many factors are to be considered for effecting a good soldered joint. The principal points that affect the quality of a joint are as follows. 

6.1

All metal surfaces to be soldered should be clean and free of scale, rust and oil to enable the flux to wet the surfaces. Cleaning may be performed mechanically by scraping, filing, abrading with emery paper, wire brushing, grit blasting, rag wheeling, and sand disking or chemically by pickling the parts in an acid or alkali solution. 

6.2

The joining materials may be introduced by preplacing shims or powder, by pretinning or by feeding the material into the joint. The method of heating to be employed is based on production requirements, size, shape and material of the parts, and the location of the joint. Some base materials are critical as to the length of time they are exposed to molten solder because deep alloying with the solder may cause embrittlement and failure. 

6.3

The type of flux used is important and depends on the composition of the solder and the service requirements of the assembly. The flux should be one that melts at temperatures below the solidus point of the solder so that it avoids being entrapped in the solder at the joint. 

6.4 The composition of the solder selected depends on the materials of the joint members, the conditions under which the assembly is required to operate and the method of applying the solder. Eutectic solder (such as 63% tin and 37% lead) are excellent for many soldering operations, especially electronics. Eutectic solders have the unique property of melting from solid to liquid without passing through what is known as a 'pasty range.'

6.5

The soldering temperature is important because the metal surfaces, while soldering, must attain a temperature above the solidus point of the solder. 

6.6

The proper quantity of solder should be used on the joint. 

6.7

All traces of corrosive flux should be removed with particular care after the joints are soldered. 

7
DESIGN CONSIDERATIONS 

The following factors should be considered when soldering is being studied as a method of assembly for a given product design. 

7.1

Operating Service Conditions 

Soldering is effective in low stressed assemblies, for electrical conductivity and where liquid and gas tight connections are required. Where assemblies are subject to vibration, relatively high stress, high temperatures and/or corrosive conditions, other methods of assembly should be considered. See Assembly Operations below. Solder is not a good method of mechanically connecting parts in electronics assemblies. As an example, electrical connectors should be screwed in place before soldering, otherwise the solder joints will crack when the mating connector is assembled.

7.2

Base Materials 

Materials which are readily joined with soft solder include wrought iron, steel, lead, zinc, copper, brass and bronze. Cast iron, cast steel, aluminum and magnesium may be soldered but require more skill and control. Glass, porcelain and other non-metallic materials may be soldered by first coating their surfaces with a base metal. In electronics, a pre-tinned surface is desired, usually over a copper lead or termination, although other base metals are used. 

7.2.1
Where the base materials of a joint are aluminum or dissimilar metals, tests should be run to determine that there will be no deterioration of the solder or base metals due to galvanic corrosion. 

7.3

Joint Design 

Where joints are held together by solder alone, the area in shear should be calculated on the basis of the shear strength of the solder. The creep strength of soldered connections, which is the strength under continuous load, is low, usually < 500 p.s.i. (35.2 kilograms per square centimeter).
7.3.1
Solder should not be considered as having strength in shear except by design and test method. 

7.3.2
The strength and rigidity of a joint can be greatly increased by mechanically securing the joint before soldering such as with clips, by staking, crimping, folding, etc. 

7.3.3
Soldered joints will withstand some vibration if not otherwise subject to appreciable stresses. 

7.3.4
The size of the parts to be joined should be considered in relation to the time required to heat the parts. Flux disappears if the heating time is too long and then the solder will not adhere to oxidized surfaces. 

7.3.5
Overlapping joints should be incorporated rather than butt joints. The joint clearance usually ranges from 0.025 to 0.254 mm although the clearance for the best strength should be determined by test. High tin content solder requires smallest clearance. Small clearance gives best joint strength. 

7.3.6 For electrical joints, the lap depends upon the thickness of strips. For strips up to 1.588 mm thick, an overlap of 12.7 mm is used. A clip around the joint should be added for strips more than 1.588 mm thick. The cable length inserted into a terminal should not be less than twice the diameter of the cable. 

7.3.7
For electronics assemblies, contact the Delphi E&S Soldering MTT (http://mtt.delcoelect.com/Soldering/) for detailed information on designing circuit boards for soldering.
7.4 
Assembly Operations 

The method of applying solder should be considered along with production requirements in this design. 

7.4.1
To facilitate assembly of stranded cable into a hole or a terminal, the ends are often tinned, thereby preventing fraying of the individual wires. 

7.4.2
Mechanically locking parts together before soldering facilitates the handling of an assembly and often enables the use of automatic soldering equipment and conveyors. 

7.4.3
When corrosive fluxes are used in high production operations, sub-assemblies should be such size and shape that all flux residues may be removed effectively before assembly the complete structure. 

7.4.4
Plated parts may be soldered after plating; however, in the case of cadmium or zinc coatings, the base metal is not to be heated above 600 F (315.6 C) since toxic fumes are liberated above this temperature. 
8
DRAWINGS 

Soldered joints may be shown graphically on a drawing by a heavy black line as illustrated in Figure 8.01. 

8.1

Local notes are used to identify the surface or joint to be soldered as shown in Figures 8.01 and 8.02. 

8.2

Use the term "Solder" when two or more untinned pieces are to be joined or seated by flowing molten solder along the edge of the joint. 

8.3

Use the term "Sweat" when uniting two pieces that have been tinned prior to being placed together. 

8.4

Use the term "Tin" when solder is applied to one surface or portion of a single piece. 

8.5

Use the term "Tack With Solder" where high temperature solder is applied to a joint for the purpose of positioning two parts of an assembly prior to subsequent soldering operations which utilize low temperature solder. 
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Figure 8.02 


9
ALUMINUM SOLDERING
Aluminum may be soldered using a flux. This flux is a zinc chloride base and deposits a zinc coating onto the aluminum. The solder is a zinc/aluminum alloy and bends to the zinc layer. Torches or burners are normally used for heating. Reaction time is limited so furnaces are generally not suitable. This flux is corrosive and must be removed. 

10
GENERAL INFORMATION
This standard is controlled by the Delphi Design Standards Team (DDST).
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