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S ANY MACHINIST KNOWS, cutting metal 
off a workpiece can be a great deal easier than putting 
it back on. Unfortunately, corrosion, wear, or overstress 
can require restoration of a damaged area to original 

dimensions by adding a layer of new material. A bearing chamber 
I.D., bracket fit, or shaft journal can be brought back to original 
dimensions and acceptable surface finish (and sometimes even 
improved) by several methods. 

Which method is best? That depends. ... 
One of those methods is welding. It's readily useable either on a 

job site or in the service shop. Welding is easily localised; work is 
confined to the surface involved. Several welding processes are 
possible. One of the greatest advantages is that successive weld 
beads can quickly build up 
considerable thickness; an eighth or even a quarter inch is easily 
obtainable. 

Adhesion of the added material to the base metal is excellent. A 
properly applied weld is at least as strong as the substrate. 

On the other hand, the variety of metals that can be deposited is 
quite limited. A greater drawback is the amount of heat developed. 
With many parts, such as steel shafting, the almost unavoidable 
result is warpage. Not only is finish machining always needed to 
clean up a welded shaft journal or bearing fit surface to its final 
dimension, it may be needed elsewhere on the part to restore 
concentricity or flat- 

 
Figure 2. Selective plating a large motor bearing chamber I.D. 

 
 

 
 Figure 1. Using selective plating to build up a worn 
bearing journal surface on a large machine shaft. 
 
ness of surfaces beyond the repair area. The intense localised 
heating "builds in" stresses (again, particularly in shafts) that can 
cause further warpage once finish machining removes the stressed 
outer layer of weld metal. 

If the part under repair is of cast iron, welding becomes difficult. 
In discussing this at a meeting of service industry personnel a few 
years ago, a metallurgist summed up his experience this way: 
"Every time I weld it, it breaks; so don't do it” Rapid solidification 
of the weld metal tends to result in an extremely hard deposit. 
lacking ductility. Arc welding is possible. But the steps needed for 
a good result involve preheating the parts to 1,0000F prior to 
welding, using brief, short passes, slow cooling (as long as several 
days), and hammering the weld during cooling. 

With adequate preheat, nickel powder gas welding with an oxy-
acetylene flame can work; nickel tends to absorb carbon in the 
iron. Whatever the process, results will be best if they don't 
involve melting of the cast iron. 

For welding in general, the filler metal to be deposited should be 
softer than the parent material. Don't look for a filler of 
particularly high strength. The weld should maintain the ductility 
of the parent metal. An ideal arc welding process uses continuous 
wire feed with a square wave pulsing power source. The goal is 
good penetration without slag inclusions. 

Any defects at the start and stop of each weld bead should be 
ground out before proceeding. During welding, a shaft should be 
rotated slowly, with passes being made circumferentially. That 
minimises distortion during the unavoid- Please turn to next page 
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Figure 3. After years of operation, this platinum-plated 
commutator shows no sign of scoring or oxidation. 
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Able shrinkage (up to 20%) of the weld as it cools. Once the 
welding is complete, the workpiece should be stressed relieved. 
 
Electroplating 
 
 A second method commonly used for 
restoring or building up component surfaces is 
electroplating. For wearing surfaces such as bearing 
journals, the most often used material has been 
chromium, usually over a base coating of nickel. 
 A major advantage of plating is that it adds no 
heat (hence no stress) to the part under repair. Stress 
relief is not needed The coating is often so uniform 
that little or no machining is needed to bring the part 
to final size. 
 The deposited metal also offers several 
possible advantages over underlying steel. Increased 
hardness, great wear resistance, corrosion resistance, 
and a low coefficient of dynamic friction all favour a 
"hard chrome" surface. These can be important 
benefits for heavily loaded process machine rolls, 
engine parts, or press dies. 
 However chromium is now one of the 
hazardous "three Cs" (cadmium, cobalt, chromium) 
whose compounds are a serious environmental and 
toxic hazard. Nickel is replacing it in plating 
applications. 
 When more exotic metals such as rhodium, 
platinum, or gold are plated onto slip rings or 
commutators, electrical properties are enhanced. A 
platinum-plated commutator can greatly extend brush 
life, eliminate corrosion, and reduce threading. 

  Commercial tank electroplating has been available 
since the 1920s. For electrical apparatus repair, 
however, it suffers from several disadvantages. 
  An obvious one is that the entire component 
involved must be submerged in the plating bath, even 
though only a small area may actually require plating. 
The tank must be large enough for that. Portions of 
the component that should not be plated must be 
masked with wax, later removal of which, requiring 
solvents, creates a hazardous waste. 
  That limitation also means that plating cannot be 
done on-site. Whatever is to be plated must be 
removed from the associated equipment. For such 
large machinery as a hydroelectric turbine, removal 
isn't practical. 
 
Selective plating 
An alternative plating process, developed 60 years 
ago in France and introduced to the U.S. 20 years 
later, is so-called selective or brush plating. It 
eliminates the tank and associated large volume of 
electrolyte, substituting a film of conductive solution 
created between the workpiece and a separate graphite 
anode that is made in various configurations to suit 
different part sizes and contours. 
  Plating current is provided by a d-c power pack 
(output typically 18 to 35 volts; maximum current 30 
to 500 amperes). The negative side of the output is 
connected to the workpiece. An operator manually 
maintains appropriate contact between anode and 
workpiece, periodically dipping the anode into a 
reservoir of plating solution that wets an absorbent 
covering on the anode. For larger items, a pump and 
filter system maintains flow to a "solution-fed" anode. 
No other workpiece surfaces are involved. 
  Selective plating is much faster than tank processing, 
which can take 24 to 72 hours, plus machining time 
afterward. For example, a coating can be built up at 
0.035" per hour, whereas tank plating may deposit 
only 0.001" in the same time. 
  As much as a quarter inch of nickel has been 
successfully applied by selective plating. At the other 
extreme, a typical commutator coating may be only 50 
millionths of an inch thick-just enough to establish 
corrosion and wear resistance. Any masking needed 
involves only immediately adjacent surfaces and can 
be done with tapes that are much more easily disposed 
of than the masking wax used in tank plating. 
  On low-carbon steel, a typical processing cycle 
involves these steps: 
• Cleaning and water rinse, using an "electro-
cleaning" solution, to remove dirt, grease, or light 
oxide. 
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• Surface etching (using reverse current flow from the 
power pack) for better adhesion of the plated material. 
• Residual carbon removal, or "de-smutting?' 
•Plating-ideally, a 0.025" maximum thickness, taking 
about 45 minutes. 

Total processing time: about one hour. 
One disadvantage of selective plating is 

limited suitability to complex surfaces or confined 
spaces. Obviously, every portion of an object 
submerged in tank electrolyte will be coated, whereas 
in selective plating the only coated surfaces will be 
those accessible to the anode. 
 
On-site plating 

Naturally, no one sending parts out to a 
commercial plating shop needs to be well-versed in 
the plating process. However, on-site brush plating 
does call for some operator training, taking three to 
five days. Plating equipment suppliers offer that. 

Properly done work results in excellent 
adhesion of deposited coatings to the base metal. 
Several different tests have been used involving chisel 
impact and bending. 

The selective plating process can also be used 
to deposit anodised coatings on aluminium or 
aluminium alloys. Such coatings are essentially non-
conducting. At least one manufacturer of large 
induction motors has used anodised aluminium rotor 
bars to prevent stray current flow (and the associated 
stray load loss) between bars and laminations within 
the slots. Similar treatments have been reported in 
some European motors to prevent rotor sparking (the 
making and breaking of such currents during vibration 
and thermal cycling) that can be a hazard in an 
explosive atmosphere. 
 

 
Figure 5. Prior to metallising, cutting conventional spiral threads On a 
surface (a) may result in a poor bond. The more rounded grove profile' at 
(b) is recommended. 
 
 Used plating solutions require safe disposal, which can 
cost from $1 to $15 per gallon. In a typical shop operation, the 
material can be accumulated in a 55-gallon drum over a period of 
several months, then turned over to a certified hazardous waste 
hauler for removal. As a rough idea of the quantity involved, 
plating an 11" shaft journal produced two gallons of waste 
solution. 
 
 
Thermal spraying 

 
Figure 4. Building up a worn shaft using thermal spray 
tooling. Here, the coating material is in powder form 
 
The third method of building up an undersize dimension is 
by what has been known as flame spraying or metallising, 
now more often described as thermal spraying. An early 
version of the process used a filler metal in wire form, fed 
into a gas flame to be melted, then sprayed through an 
atomising nozzle onto the surface to be coated. The process 
functioned somewhat like wire-feed welding, except that 
the workpiece was much farther removed from the heat 
source. 
 ln a later modification, widely used in service 
shops today, powdered metal is the filler, dispensing with 
the wire feed (see Figure 4). Unlike plating, thermal 
spraying can apply non-metallic coatings. Some of those, 
notably ceramic compounds, are not available in wire form. 
Insulating material, capable of passing a 2,000 volt test, has 
been successfully sprayed on bearings. 
 Despite the flame, the material being sprayed is so 
finely divided that the heat content of individual particles is 
quite small. As with a Fourth of July sparkler, the glowing 
particles do not greatly increase the temperature of surfaces 
they strike against. Unlike welding, therefore, the process 
does not risk serious thermal distortion of most workpieces. 
 Practical coating thicknesses range from about 
1/64" up to 1/8". Scores of different metals and alloys can 
be sprayed. 
For special applications and high-volume processing, 
several variations have been developed. To eliminate the 
gas itself, which can be hazardous and produces 
combustion products to dispose of, electric arc spraying 
melts the coating material in the same basic way as a 
consumable arc-welding electrode. 
Two electrified wires are fed into a nozzle, where they are 
short-circuited together in a high-temperature arc. A com-
pressed air blast atomises the molten material to spray it 
onto the workpiece. This tends to form a heavier coating 
than other metallising techniques. 
 
Plasma spraying 
Still another version, seldom cost-effective for simple parts 
repair in a service shop, is plasma spraying. Powdered 
material is fed into a high-temperature ionised inert gas 
stream (typically argon or nitrogen); the gas acts as both 
heat source and propelling agent. The newest spray guns 
work at high velocity. As one metallurgist put it, "This is  
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Attribute Method Method Method Method 
Process Thermal 

Spray 
Welding Tank 

Plating 
Selective 
Plating 

Speed of 
Deposit 

Very 
high 

Very 
high 

Low High 

Portabilit
y 

Usually Yes No Yes 

Need for 
post 

finishing 

 
 

Usually 

 
 

Always 

 
 

Usually 

Not if 
coating 
<0.008” 

on a 
smooth 
surface 

 
Table 1. Comparison of the most common coating material 
 
like throwing mud against a wall. The harder you throw, the 
better it sticks." 
 Metalising originated more than half a century 
ago, primarily for machine repairs. Later, many products 
were designed around hardfacing coating applications using 
Metalising, to give surfaces added resistance to abrasion or 
corrosion. That became an economical alternative to 
making complete parts from a more durable (and more 
costly) material. 
           Thermal spray coatings tend to be harder than the 
substrate. Often they contain microscopic pores that retain 
lubricant, much like a sintered bearing, to help reduce fric-
tion between moving parts 
 Obvious benefits of tile thermal spray process are 
its speed and flexibility (no specially shaped electrodes are 
needed as with selective plating). An advantage the method 
shares with electroplating is the absence of thermal distor-
tion. Work can also be carried out safely adjacent to wind-
ings without risk to insulation. 
 
Words of Caution 
 Some service shop operators have decided against 
Metalising because of suspected deficiencies in coating 
adhesion. Occasional flaking off of material at a hearing 
journal has been reported. Tests have shown higher bond 
strengths with plated coatings. 
However; the fairly uniformly distributed loading on sleeve 
bearings normally less than 150 psi-is compressive, not 
involving impact, sharp edges. or highly localised crushing, 
so that a properly applied metallised layer should not he 
expected to fail. And, despite the high strength of hard 
chrome plating, a note of caution has been sounded 
concerning plated bearing journals on rotors being dynami-
cally balanced. In the typical balancer, journal surfaces are 
highly stressed, and some operators recommend supporting 
rotors only on un-plated surfaces. 
Proper surface preparation for Metalising includes clean-
liness, as is true for plating, but also involves "roughness." 
 The surface should be, as one experienced 
operator put it, "Like a phonograph record-ridges you can 
feel when you scrape your fingernail across it." Suppliers' 
recommendations for thermal spraying call for a rough-
turned "screw thread" machining operation. 
 However, the thread groove should not be a deep 
"V" shape, as in Figure 5(a). but shallower and with a 
rounded contour, as in Figure 5(b). The deeper, more 
sharply cut groove may not fill entirely with the sprayed-on 
material. Also, sharp-edged threads in a stressed shaft can 
originate fatigue cracks. 
 

Property Method Method Method Method 
Process Thermal 

Spray 
Welding Tank 

Plating 
Selective 
Plating 

Precise 
control of 

coating 
thickness 

 
Poor 

 
Poor 

 
Fair to 
good 

 
Excellent 

Adhesion to 
base metal 

Good Excellent Good Excellent 

Thermal 
distortion 

of 
workpiece  

 
Unlikely 

 
Usually 

 
None 

 
None 

 
Table II. Comparison of properties of surface coatings 
applied by various processes. 
 
Improved bonding 
 Besides providing a keying or locking surface, this 
kind of machining increases the area of contact between sub-
strate and coating, thus providing a greater expanse of 
bonding. Grit blasting, with aluminium oxide for example, also 
enhances coating bond strength. 
 In addition, bonding is influenced by the nature of 
the sprayed material. Years ago, the initial layer had to be a 
special "priming coat" over which a second layer of finish 
material was applied. (This is somewhat similar to traditional 
electroplating, which usually deposits a thin layer of copper 
prior to an overlay of the desired nickel or chromium.) Today, 
"one coat" materials are available to eliminate the extra step. 
Figure 6 and Tables I and II offer overall comparisons of the 
three processes discussed thus far. Bear in mind that 
these are general. The nature of a specific job must dictate the 
selection of coating method and material. 
 Non-metallic coatings can also be applied in other 
ways, most often used to rebuild parts not subject to high 
stresses. Several processes have been developed to coat metal 
parts with a layer of some organic compound that can be 
machined to size. Such materials have been described as 
"filled polymers,"" similar in structure to the plastic/glass fibre 
composites used for structural insulation components, but in 
which the filler is metallic or ceramic. 
One such material is a two-part epoxy combined with metal 
powder Mixed like an adhesive, it exhibits a 20-minute "pot 
life" for application. As with. flame spraying, the substrate 
surface needs to be cleaned and roughened. Machining may be 
needed to reconfigure the area to be coated so that the epoxy 
will not form a weak feather edge. Full mechanical strength 
develops within a day following application, although 
machining is possible within a couple of hours. Basically non-
conductive, the coating is permeable to magnetic fields. 
Coating thickness may range from a few mils to several 
inches. Adhesion is claimed to be slightly superior to 
metallising. However, wear resistance is not great, and the sup-
plier has recommended applying the coating to sleeve bearing 
journals only at low speed, typically a few hundred rpm. 
 Similar products include "plastic steel" and 
"brushable ceramic" compounds. These materials exhibit high 
resistance to corrosion and heat. 
 For a small fraction of the cost of replacing a 
machine component, a rebuilding-and enhancing-worn or 
damaged surface is possible in many ways. Investigate the 
alternatives carefully before deciding which one best suits te 
job at hand 
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