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The S-N test is performed using a reciprocating load fatigue test specimen which is similaar to a tensile test specimen but has a far more “waisted” area and the specimen is finished to a very high degree of surface finish. These specimens are then placed into the mechanical resonance fatigue testing machine. When the specimen eventually fails the machine cuts out and the number of cycles to failure can be measured.

The  S-N analysis of fatigue behaviour is basic and assumes a “safe load” which is inappropriate in the modern day. The load is also “static” and this is not the case as fatigue is cyclic.The S-N curve rarely levels out so the “fatigue limit” is based on an arbitary factor. Although the specimens are prepared to a high standard with little or no stress concentrations, this is not representative of actual components. 
Numerous specimens are required to complete the fatigue analysis and this is costly, time consuming and there will be variations between each specimen even though they should be of the same material and condition. 
The surface finish is critical in the test as a “rough” finish will set up numerous stress concentration sites.Similarly the integrity (e.g.porosity and inclusions) and condition (e.g.. mechanically worked ) could lead to internal stress raisers which will all reduce fatigue life and may not be representative. Finally the operating procedure has a significant effect in reality as a component may be “loaded” and “unloaded” at differing times and rates. [image: image2.png]AK
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The (Paris-Erdogan) delta K versus log da/da approach is an improvement on the S-N approach the linear portion (where prediction is possible) is not easily obtained due to the high scatter of the results. Taking logs of the da/dn data tends to pull in the scale and reduce sensitivity and cracks do not grow at a constant rate, although there will be a general acceleration in the propagation rate. The surface finish, surface condition ( i.e. mechanically worked ) stess concentration effects and loading and unloading procedures all contribute to fatigue propagation.

In Practice fatigue can be minimised in a number of ways:

i) Modify the design of the component to avoid all sharp changes in section which includes using fillet radii etc.

ii) Modify the srface finish (texture of the component) to remove all machining marks, if appropriate, and change the sharpness of the surface using such techniques as electro discharge texturing and more crudely shot blasting.

iii) Place the surfaces of the component in a state of compression by shot peening, surface hardening such as nitriding and polishing/burnishing which will produce a deformed layer (Bilby layer)

iv) Modify the operating procedure to ensure loads are gradually applied and removed.

The linear elastic fracture mechanics approach assesses the fracture of metals in particular in the plane strain condition which is where the plastic zone size is at a minimum. This means that ductile metals need a very large specimen size in order to reach this condition. Unfortunately, this now means that the test is not representative, particularly if the component is thin or quite small. It is also difficult to determine the appropriate specimen size before testing. The other limitation of this test is the bowing of the crack front, due to the restraint of material in the centre, which means that an appaarent crack length is used with the test. The limitation of the test is aso related to the exact time at which the crack initiates, and although there are numerous tests available here (e.g. acoustic emission) errors can be quite significant here
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Austenitic stainless steels are normally very corrosion resistant (18% chromium +) but, as with all these alloys, their resistance depends on the formation of the chromium oxide layer. In this case the two parts of the fastener hasve rusted due to crevise corrosion. Here the levels of oxygen (necessary to maintain the chromium oxide layer) are depleated and the steel is at risk from corrosion. The probable cause is the reduced oxygen levels under water. The solution is to ensure that all parts of stainless steel components are exposed to the air (oxygen) and to use austenitic stainless steel throughout.
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The probable mechanism of failure here is disimilar metal corrosion or bi-metallic corrosion. Aluminium alloys are above steel (iron) in the galvanic series providing a significant driving force. In the presence of an electrolyte (contaminated rain water) corrosion will take place on the least noble metal and this will be further accelerated as surface area of the steel bracket is significantly less than the aluminium down pipe.The obviouse solution is to consider using silmilar alloys for both parts or if this is not possible/practical electrically insulating each part. Or which is much more likely to use a coated steel bracket (zinc, or nickel+chromium plate)
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The appearance of this blade with the corrosion being evident on the leading edge suggests erosion corrosion. The pressure difference on the blade tip along with humid atmospheric atmosphere causes metal alloy to be abraded from the blade. The solution as with many applications similar to this, where design cannot be modified, is to coat the blade tip with a hard coating such as tungsten carbide by using the high velocity oxygen fuel thermal spraying process
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The corrosion mechanism operating here is de-alloyification or more specifically de-zincification. Zinc in the brass alloy is preferetially corroded leading to coppr rich areas. Zinc is an amphoteric metal and can therefore deteriorate in both acidic and alkaline conditions. It can be minimised by the addition of silver to the alloy, and to some extent applying a laquer coat.
Environmental corrosion testing using coupons are used to assess the severity of climatic attack which fall into the catogaries, industrial marine (severe) marine, industrial, urban and rural (minimum) The test exposes zinc or zinc coated steel to these environments and the corrosion is assessed in mls/ year. In this respect the severity of any enviroment can be estimated. The test is slow, and may not be representative but it is simplistic and reasinably reliable if numerous sampling is used.
Accelerated corrosion tests range from humidity cabinets which can be set a different levels of RH and temperature, to salt spray cabinets e.g. ASTM B117 and CASS cabinets (Copper acetic acid salt spray). The tests are quick and therefore favoured by industry but interpretation of the results can be subjective as they rely on evidence to the first sign of rusting. Used for chromium plate (CASS) and galvanised and passivated steel. (ASTM B117)
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There are three stages of creep:
Primary creep, where grain boundary rotation occurs and in this case dislocation theory would not appear to be applicable.
Secondary creep, where the dislocations (line of vanancies, are attracted to the grain boundaries which is where the lowest free energy exists, this tends to be at an accelerated linear rate, thus following the general creep equation.

Tertiary creep, here the vacancies coelesce to form internal voids leading to cavitation. Following this other mechanisms may take over such as fatigue, fast fracture and stress corrosion.
Creep can be minimised in several ways.

i) Vent the turbine blade as illustrated in the sketch of a typical blade, therefore removing the heat generated (and reducing the temperature) at a higher rate

ii) Reduce the grain size to a minimum and ensure that the applied load is in the direction of any columnar grains. The optimum grain size, however, is a single crystal if this is economically possible.

iii) Consider some type of re-enforcement using for example MMA’s such as silicon fibre re-enforced nickel alloys. Currently difficult to process.
iv) Ensure that the component is protected from heat using “thermal barriers” such as thermally sprayed ceramics such as zirconia.

v) Add certain carbide forming elements (nickel alloys) which will tend to form at the grain boundaries and adjacent to the grain boundaries. This will act as a “cement” preventing the grains from moving around and strengthen the areas adjacent to the grains.
The weld cladding process is normally used for thick coatings rather than thin coatings and so, this process is not suitable for thin coatings. The surface finish of the weld clad coating will, generally, need subsequent processing (i.e. machining) because of the method of application of the coating which tends to be in rows. Only metallic coatings can be applied and because of the heat involved during deposition the substrate may be effected and require post-operative heat treatment. Complex shapes are difficult to clad as the process is mainly used in the down hand mode. The process can be improved by using strip rather than wire which increases the metal put down rate. Manipulation and possibly robotics could be considered to improve the flexibility of the process and allow for more complex shapes to be clad.

Thermal spraying as a coating process is not suitable for thin coatings and the control of thickness can be difficult. As with other spraying processes the yield or efficiency of the process is poor with only about 50% of the particles finishing up in the coating. This poor yield gives rise to a great deal of airborne particles which must be removed by extraction systems. The combustion process gives a poor-quality coat (see above table) The HVOF process causes high noise levels due to the high particle velocity. The high particle velocity can also lead to mechanical deformation of the substrate. Difficult to spray complex shapes and particularly bores. 

To improve the process consideration could be given to maintaining a 90-degree impingement angle and the possible electrostatic charging of particles/substrate to improve particle yield.

The electroplating process is not normally used for the deposition of thick coatings and the adhesion of electroplated metals is not very good, although engineering coatings, as opposed to decorative coatings are reasonably well adhered to the substrate. Only metallic materials can be used for coatings. The chemical nature of this process means that COSHH must be considered at all times in respect to the contact and use of the often-toxic materials, removal of localised spray and gas and the appropriate disposal of effluent etc. Plate quality can often be porous and it is difficult with complex shapes to ensure an even coating thickness. The process can be improved by selecting electrolytes which are less toxic (for example Chromium 3 rather than Chromium 6) and improving the vicinity of plating baths using sophisticated local exhaust extraction. 

The galvanising process is restricted to metals lower than iron in the galvanic series. This means zinc. The adhesion of zinc is better here than with electroplate because of the development of inter-metallic layers formed with the iron. Galvanised layers ate typically of the order of about 100 to 150 microns thick but modern galvanising plants equipped with “air knives” can produce thinner layers with a particularly good surface finish. The other problem with galvanising is the limitation on the size of the component, and in the case of these relatively larger components, dripping can occur leaving a poor surface finish.
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Process Application Advantages Limitations

Electroplating Decorative Coatings. E.g.

Ni/Cr, Zn, Sn, Au &  Ag.

Coatings on plastics,

Reclamationand texturing.

Productivity.E.g. 

(fasteners)

Thin coatings. (~20μ)

Surface finish.

Deposition of

Metals only. Poor adhesion. 

Poorput down rate.

Thermal Spray

(combustion)

General Engineering.

Abradablecoatings for aircraft.

Relatively cheap.

Simplistic

Low particlevelocity. Poor 

adhesion. High

oxide & porosity.

Thermal Spray

(electric arc)

General Engineering. Higher velocity than

“combustion”

Reasonable  velocity,

adhesion,oxide, & porosity.

Thermal Spray

(plasma)

Auto & aicraftparts. E.g. Prop 

shafts, valves, blades.

High particle speeds

&temperatures.

Ceramic powders.

Cost. Tendsto 

“melt on” coating

Thermal Spray

(HVOF)

DlC’s, ceramiccoatings Adhesion Minimum oxide/porosity.

Verygood adhesion.

Hot Dip

Galvanising

Tube,  sheetand strip. Post

process for fabrications

Good adhesion (multiple

Layers) (~100μ)

Surface Finish

Polymer

Powder Coating

Tube, extrusions (non–ferrous) 

toys

Colour, surface finish Wear, adhesion (hence

Conversion layer)

Weld Cladding Pressure vessels,  Maximum adhesion

Thick coatings (10mm+)

Downhandonly, time 

consuming, surface finish.


Impurities in steel can be either metallic or non metallic compounds or elements.

The two main non metallic elements are sulphur and phosphorous. Sulphur tends to originate from the initial steelmaking process and is removed as far as possible using a specific de-sulphurisation plant usually with magnesium. In the secondary process (often electric arc) the impurity arises from rubber in the scrap (rubber used commercially is frequently vulcanised using sulphur). Sulphur is removed by oxidation (time consuming and expensive) and will combine with iron (steel) to form iron sulphide which is a low melting point constituent which collects at the grain boundaries and severely reduces the steels processing ability and mechanical properties.

Phosphorous arises from organic material (often general dirt) which is prevalent in steel scrap. In a similar way to sulphur a low melting point eutectic is created which also collects at the grain boundaries, thus severely reducing the steels processing ability and mechanical properties.

Non metallic metal such as tin and copper have a similar effect on steelmaking as they also form low melting point compounds which collect at the grain boundaries. It is unfortunate that the extent of copper impurity is increasing at an alarming rate due to modern appliances having significant amounts of this element. Tin, coupled with copper has a combined effect which is highly significant.
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