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1 
GENERAL
The application of a metallic finish to the surface of an object and the process used in applying the finish differ widely and are based on the behavior of the materials involved. The technical knowledge necessary for the successful finishing of the many materials now available is specialized and consultation with Process or Manufacturing Engineering is advisable. This section will be confined to metallic finishes of one or more layers which are bonded to the surface of an object. Each of the layers may be of different metals and different thicknesses. The object itself may be metallic or non-metallic. 

1.1

Applications 

Metallic finishes are applied to parts to obtain one or more of the following characteristics: 

1.1.1
Protection 

A protective finish is applied to shield the base metal from corrosion or chemical action. Examples of this application include plating of parts to protect them from the elements and chromium plating of molds for rubber parts to protect the molds from chemical action in the process of vulcanization. Restricted areas of steel objects are copper plated to prevent carbon from being absorbed into the plated portion during carburizing. 

1.1.2
Economy 

Zinc plating is usually preferable because of cost and availability. The addition of chromate treatments to extend corrosion resistance is more economical than increasing plating thickness. 

1.1.3
Wear Resistance 

Chromium lends itself admirably to the plating of dies, punches, tools, gages and bearings because its hardness and wear resistance prolongs their useful life. 

1.1.4
Build-Up 

The life of many tools and parts can be restored by metal coating worn parts to the original dimensions. This method is sometimes used to salvage undersize parts. 

1.1.5
Decoration 

Parts are sometimes plated to obtain the pleasing appearance of chromium, gold or silver. 

1.1.6
Reflection 

Parts are often plated to obtain reflective qualities. Reflective layers on mirror glass are produced by a method known as Chemical Metallization. However, this method is usually restricted to producing layers of silver or gold. 

1.1.7
Identification 

Plating is used to identify or distinguish similar parts such as rights and lefts, electrical terminals, screws, springs and like objects. 

1.1.8
Conduction 

Plating may be used to improve electrical conductivity. The three best known conductors are silver, copper or gold. 

1.1.9
Adhesions 

Brass plating is used to provide a bond in vulcanizing rubber to steel. Tin plating of brass, copper or steel is used to aid in soldering. Copper plating of steel parts will allow the parts to be hydrogen brazed. 

2 
DRAFTING PRACTICES 

The drawing of a part requiring a metallic plating or coating of any kind must indicate plating or coating material, specification and code, plus any other related pertinent facts. The type and class of plating or coating is usually specified by the engineer or is determined by mutual agreement between the customer and the supplier. The sequence or method of application is seldom specified, since normally this information is either outlined on operation sheets or included in the applicable specification. 

2.1

Designation of Significant Surfaces 

2.1.1  Decorative Surfaces

The drawings should specifically show the areas which must be bright in order to avoid unnecessary costs of finishing operations on plated areas which are not visible, see Figure 2.01. 
2.1.2  Non-Decorative Surfaces
Those areas on which the specified thickness of plating must be maintained are indicated on the drawing as SIGNIFICANT SURFACES. See Figure 2.02.  Otherwise, significant surfaces, other than on threaded fasteners, shall be defined as the surface or portion of the part that can be touched with a 13mm sphere.  Surfaces on which the specified thickness cannot be readily controlled, such as threads, holes, bases of angles, and sharp edges are normally exempt from minimum thickness requirements unless they are specifically designated not exempt on the engineering drawing.
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Figure 2.01 – Designation of Significant Surface 
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Figure 2.02 – Designation of Significant Surface 

2.2

Allowance for Plating 

Plating is a build-up of metal, which adds a measurable increase to the material thickness. Therefore, allowances for plating must be made on components of close fitting assemblies. They should be specified as shown in Figure 2.03. Proper allowances should be established by Process or Manufacturing Engineering in order to meet drawing requirements after plating. In the case of threaded parts that are plated, proper allowances must be made in the pitch diameters. Unless otherwise specified on the drawing, acceptability of screw threads after plating shall be determined per DX500093.  The fastener supplier is responsible to develop appropriate before plating thread dimensions in order to achieve the after plating thread tolerance class. Threads may be produced undersize or oversize to accommodate the plating, provided the finished product meets all specified mechanical properties.
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Figure 2.03 – Plating Allowance

3 
DESIGN HINTS
When designing articles to be electroplated, consideration should be given to the following: 

3.1

Base Material 

The surface of the base metal to be plated should be smooth, non-porous, and of suitable finish to receive the metal plating, since plating does not level out surface roughness nor hide defects. Parts which require a bright and decorative finish usually are polished and buffed prior to plating. Designs of complex and unusual shapes are difficult to polish, buff and plate; and therefore result in high costs. 

3.1.1
Steel stampings that are to be chromium plated should be made from lusterized cold rolled steel rather than hot rolled steel. The hot rolled steel may be a more economical material, but the added cost for subsequent surface preparation will more than offset the cost of using lusterized cold rolled steel. 

3.1.2
Relief of Embrittlement 

Hardened steel parts and all highly stressed cold worked parts electroplated with metal are subject to embrittlement because of hydrogen absorption. Unless otherwise specified, this condition shall be relieved by heating after plating per DX550085. 

3.1.3
Zinc base die castings are frequently plated. Other types, such as sand castings of brass, bronze and malleable iron, are also plated but the cost of surface conditioning before plating is a factor of prime importance. 

3.2

Plating Materials: 

Theoretically, any metal can be used as plating, but from a commercial standpoint, the more important are brass, zinc, nickel, chromium, silver, copper, tin, and gold. Of these, the following have the greatest commercial usage: 

3.2.1
Zinc 

Zinc plating is a corrosion preventive for steels not having corrosion resistant properties. It is also used where the surfaces of metals that have a strong affinity for each other must remain in stationary contact, particularly the surfaces of threaded parts. 

3.2.1.1
Zinc plated surfaces which may come in contact with stressed Polyamides 6 or 66 should be avoided where excessive corrosion producing conditions exist, as the stressed Polyamides 6 or 66 may be damaged by deposits formed by the zinc. Zinc plating is often used for decorative purposes. 

3.2.2
Chromium 

Chromium plating is used for decorative purposes and where a part must withstand severe service, have good wearing surfaces or have resistance to high temperatures. Corrosion resistance of chromium is very poor when applied in normal thicknesses directly on steels other than stainless steel. Where corrosion resistance is required, copper and nickel are used as undercoatings in sufficient thickness that parts will have excellent corrosion resistance. 

3.2.2.1
Chromium plating is an expensive operation which should not be used where suitable, less expensive plating can be substituted. 
3.2.3
Nickel 

Nickel plating is used for decorative purposes and for protection against corrosion under severe conditions. It is an excellent protection against corrosion of the base metal. However, since nickel plating will tarnish, it is not as good as chromium where a lasting bright surface is desired. Nickel is used where plating cost is a factor or as a base for chromium plating. 

3.3

Processing Considerations 

There are several types of finish processing to be considered. Among those most frequently used are the following: 

3.3.1
Lustrous 

Luster may be described as the sheen, brilliance or reflective quality of a plated surface. This type of plating is generally applied for pleasing appearance. 

3.3.2
Partially Lustrous 

Many plated parts require that only specified areas need be bright or lustrous. 

3.3.3
Non-Lustrous 

A flat or dull plate added without any brightening, pre-polishing or subsequent buffing produces a non-lustrous finish. This type of plating is usually applied for corrosion resistant purposes. 

3.3.4
Coloring of Metallic Surfaces 

Color finishes can be obtained with color dye applied to zinc plated surfaces coated with clear trivalent chromium or a clear sealer. It should be noted that these colors are not very rich looking and are used primarily for differentiating between like looking components. A black nickel finish on nickel plated parts is obtained by oxidizing the nickel plating where the brightness is objectionable. 

3.4

Sharp Edges and Recesses 

Except under closely controlled conditions, the plating metal is not deposited in a uniform thickness but follows the distribution of the electric current. Points, sharp edges and protrusions are concentration points for the current and will receive an excessive metal coating while recessed areas will receive light deposits. Ample use of large radii and fillets assists in producing a uniform thickness of plate as illustrated in Figure 3.01. 
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Figure 3.01 – Sharp Edges and Recesses 

3.5

Holes and Cavities 

Deep holes and cavities should be avoided because they collect cleaning and finishing compounds, which are difficult to remove prior to plating and consequently result in poor plating deposits. Also such designs result in thin uneven deposits in recesses because the electric current concentrates on the more exposed surfaces. See Figure 3.02. 
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Figure 3.02 – Holes and Cavities 

3.6

Racking 

Where conveyers are used for transporting large parts through the plating solution, design consideration must be given to racking on conveyers. The addition of notches or holes may facilitate this operation. 

3.7

Flat and Concave Surfaces 

Large, flat and concave surfaces should be avoided because they often result in unattractive appearance relative to highlights and are difficult to plate to the required thicknesses. See Figure 3.03. 
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Figure 3.03 – Flat and Concave Surfaces 

3.8

Flexing 

Hard, brittle plating materials should be avoided on surfaces that will flex in service due to the danger of the plating chipping or cracking. Chromium is brittle; nickel has some flexibility; zinc, copper and tin are quite ductile. 

3.9

Welding, Soldering and Brazing 

The surfaces of steel parts in those areas that are to be welded, soldered, or brazed should be free of plating when possible. Assemblies can often be plated after these processes are performed. 

3.9.1
Zinc coated surfaces can be soldered or welded. 

4
PROCESSES 

There are many ways to apply metallic finishes. The particular method used is based on the behavior of the metals involved, available equipment and the results required. Electroplating is the most widely used process. 

4.1

Hot Stamped Coatings 

Hot stamped coatings are transferred from roll leaf material to the surface of the part by the application of both heat and pressure utilizing a heated die surface. The coatings may be either pigmented or metallic in appearance and can have various levels of gloss, as desired for a given application. Specialized coatings such as wood grains and other patterns may be produced by the hot stamping process. Hot stamped coatings may be applied directly onto various plastic and elastomeric surfaces, over painted plastics and metal, and onto other surfaces such as leather or paper. For example, a typical application of the hot stamp process is the placing of numbers, graduations and colored range bands on painted metal surfaces such as speedometer, tachometer and gage dials. 

4.2

Electroplating 

Electroplating is a process in which an object is immersed in a solution containing the metal or salts of the metal to be deposited. With the object to be plated serving as the negative electrode, direct current is passed through the solution. The dissolved metal is then deposited upon the conductive surface of the object. The thickness of the deposited film depends upon the amount of current used, the time it is allowed to flow and the shape of the part. Only materials which are electrical conductors can be plated by this process. Non-metallic parts can be plated by this process if first coated with a conductive metallic layer. In many cases, plating is applied only to specific areas. This can be accomplished by partial immersion in the electrolytic plating solution, by masking or by coating with wax, varnish or other non-conductive material, the areas on which plating is not required. The wax or varnish is removed by a subsequent operation. 

4.3

Immersion Plating 

This method of plating is also referred to as plating by “chemical displacement.” The chief advantage of this method is that it is an inexpensive way to apply thin uniform coatings to steel and can be used when a direct current supply is not available. Examples are tin plating of aluminum pistons and coating of steel parts with copper, nickel or cobalt. The maximum practical thickness obtainable is about 0.63 μm. Important features of this method are uniform thickness of coating and the ability to coat internal surfaces and irregular shapes. 

4.4

Chemical Reduction Plating 

This process is most commonly referred to as electroless plating. One of its values is that it provides a means for applying uniform nickel coatings to intricate parts or areas that are difficult or impossible to plate by electrodeposition. The bath may be either alkaline or acid. The latter has been the more widely used because the loss of ammonia makes the alkaline process inconvenient and uneconomical. 

4.5

Hot-Dipping 

This process involves the coating of parts by dipping them in a molten solution of the coating material. It is used to coat parts with zinc, lead or tin. This method is used mainly by steel mills in coating raw sheet stock. 

4.6

Sherardizing 

This method applies to the application of zinc powder to iron or steel thoroughly cleaned and then fused at a temperature below the melting point of zinc. This process is used principally for coating bolts and small castings. 

4.7

Rolling
There are two methods of coating metal by pressure and heat through a series of rolls. In one, a duplex ingot is prepared by castings, depositing or otherwise covering the core metal with the metal to be used as a coating. The duplex ingot or billet is heated and then rolled to size. In the other method, separate sheets of the two materials are heated in intimate mechanical contact to the proper temperature and then hot rolled and reduced as in conventional practice to produce a “clad” sheet. 

4.8

Sputter Deposition 

Sputter deposition is performed in a vacuum chamber. The source metal is in sheet form at room temperature and source metal atoms are knocked (or sputtered) out of the surface of the sheet by the impingement of highly energetic argon gas ions. The sputtered metal atoms condense on the object being coated and form an extremely thin uniform coating. Most metals can be sputtered. These include gold, silver, rhodium, aluminum, chromium, nickel, stainless steel, brass, bronze and copper. The luster of the metallic coating depends on the smoothness of the surface being coated. Adhesion of sputtered coatings is, in general, excellent due to the very high impact energy when it strikes the work surface. 
4.9

Vacuum Metallizing 

This method is used to produce a metallic coating on plastic parts through vacuum evaporation. In this process the parts to be coated revolve around tungsten filaments located in the center of the vacuum chamber. The coating material in the form of small U shaped clips previously fastened to the filaments is heated until the material melts and wets the coil. Additional current is applied and diffuses the melted coating material into a fine mist, which in turn is picked up by the parts to be coated. Relatively thin layers can be applied by this method. The metallized layer reproduces the structure of the surface with submicroscopic accuracy. Rough surfaces have a mat appearance and glossy surfaces have a mirror effect. A large number of metals or alloys can be precipitated in thin layers by this method. Aluminum is used almost exclusively due to its ability to produce durable metal layers of glossy light-silvery appearance. 
4.10
Metal Spraying 

This process uses a metal spraying “gun” to deposit either ferrous or non-ferrous metals upon metallic or non-metallic materials such as glass, porcelain, stone, brick, concrete, or leather. Any metal obtainable in wire form may be utilized. The wire is fed automatically, at a controlled rate, through the nozzle of the gun where it impinges with and is smelted by the flame from a torch of gas, oxygen and compressed air. As the molten metal, driven by the pressure of the gun, impinges the surface at high velocity, it solidifies and forms a homogeneous bond with the part. Any desired thickness of metal may be deposited. The metals include steels ranging from low to high carbon contents, various brass and bronze compositions, babbitt-metal, tin, zinc, lead, nickel, copper and aluminum. The spraying operation may be followed by machining or grinding to obtain dimensional precision. 

5
GENERAL INFORMATION
This standard is controlled by the Delphi Design Standards Team (DDST).
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