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1.0) Introduction

This Report will be an evaluation of how piston material choice & design can influence material durability (fatigue prevention), maximising performance (rotating mass (inertia) & shape when machined) combustion characteristics (heat transfer & Mixture mixing), along other material properties designed to perfect the 4 stroke motion of the piston.
The main Aims to be researched, are to analyse a range of metallic & alloy/composite materials in the production of the piston, to identify their material makeup (what they are good at), fabrication/engineering processes & characteristics when produced or machined, to answer the final question which material can survive & perform best in the life of a piston through the multitude & diverse variables experienced not just through one cycle but a pistons lifetime.
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2.0) Material Science

In this section the material section will be discussed with their scientific properties on how they perform along with how they’re usually processed to produce/engineer products, the Materials chosen in this investigation are;
· Iron & Steel
· Aluminium 
· Carbon Fibre
(42)
2.1) The Material Properties

Iron is the 10th most abundant material in the world (800 million tonnes produced or recycled every year), steel (iron when mixed with carbon) is one of the most common when it comes to fabrication of products in the engineering sector due to its in-expense, it is strong/tough/ductile/malleable/magnetic & easy to machine/heat strengthen/weld but its most deficient characteristic is that it corrodes (rusts) easily in contact with damp & airy environments as well as it can be brittle, to counter negative properties it is usually found in its other forms when mixed with a high percentage of carbon to make stronger steels or mixed with other alloys.
Steel is formed when between 0.002-2.1% carbon (carbon concentration changes the type of steel/different properties found) is introduced when Iron is smelted (to a melting point of 1536*c) to covalently bond to strength the molecular lattice (structure), this improves tensile strength & hardness, other methods can further these advantageous properties when heat treatments or forging (hitting/forcing the material into shape) are used to control grain direction (atomic patterns to prevent stress) in production.
Aluminium is another common shiny metal, unlike some steels & iron it is resistant against corrosion due to its protective layer (oxidation), it is non-ferrous (not magnetic) & also has much less density meaning it is preferred due to its lightness, the main disadvantage is that it has a much lower melting point (680*c) but can transfer heat more easily compared to steel, although it can be alloyed easily it’s hardness is limited meaning that it can be easily dented/bent/weakened.
Carbon fibre is a man made composite involving carbon strands woven in different patterns in-between a polymer, this process allows a number of different properties such as directing certain stress & strain characteristics providing a high tensile strength whistle being lightweight, it also has the ability to be moulded into specific shapes which is advantageous to create unique & useful designs when manufacturing, unfortunately it is very expensive & difficult to repair when damaged (shocked).
335

 2.2) Engineering Processes

Making the most out of the core material properties is important to maximise the end product, so a number of different methods are used to improve the base ore;
[image: ]Casting & Die Casting is when a metal is poured into a mould to create a certain shape, there is a number of different methods to maximise this process;
[image: ][image: ]Sand Casting is the main type of mass production of both steel & aluminium parts, this processes in industry usually is done by using a re-useable steel mould imprinted into sand at a low cost, this sand mould is then used in the smelting/pouring process where molten metal is placed into a shaft (protrusion) for pouring & then passed through into the mould for casting, it is then left to cool revealing the desired part, the main disadvantage is that the part will have to be machined further to remove the appendages used during the casting process and to create further intricate designs (casting can create simpler shapes compared to other methods), other problems found in this type of production is that if poured or cooled incorrectly it can cause several defects including holes (bubbles)/unwanted additional or missing material (must be machined further or wasted)/ inconsistences with size or shape or impurities can be found in the material structure causing further weakness.
There are 2 main types of die casting, pressurised & investment die casting, the former is when either low or high pressured material is inserted into a die (mould), this is more accurate than general sand casting allowing more sophisticated designs at a high yield to be imprinted without further machining being needed as the material is blasted thinly to the moulds walls allowing complexity, this saves overall production time with little or no machining. 
Investment casting usually is the more time consuming way to cast but is more reliable when even more complex shapes are used, wax is imprinted from separate high tolerance metal moulds which are then stuck together to make 1 unique die (channels & shapes for metal delivery/shaping of the cavity of the die) ready for manufacturing, it is then by hand dipped to prevent imperfections into a ceramic & fine Zirconium Sand (strengthening agent) coating (called a slurry) this is used as this material unlike wax is good at resisting high temperatures used in the insertion of hot metal, it is then re-dipped several times by machine with a courser sand to get the die within a certain thickness tolerance (this process can take up to 5 days). Next the die is dewaxed (wax is melted) using a hot steaming chamber (autoclave), it is then left to dry, then heat treated for a few hours (preventing cracking when in contact during the casting phase at 1200*c), molten metal is then poured into the die and is then left to cool for 2hrs for aluminium or 4-5hrs for steel, the ceramic die is then removed using a vibrating hammer, it is then later machined to remove any of the delivery system appendages used by the die design and then checked if it makes sizing & design requirements. This is overall is timely process but is valued for its repeatability when it comes to accuracy, it also delivers perfect & smooth finish without any parting lines compared to when 2 moulds are used (reduction on [image: ]machining), it also allows more complicated parts to be made unlike other casting processes.

[image: ]Forging is a controlled deformation of a metal into a particular shape due to compressive forces, this can be done through a number of methods either by pressing or hammering into a mould at either hot or cold temperatures, it can also be squeezed into shape by ring or radial rolling, this allows directional concentration of grain flow of particles in the metal to further strengthen the material, but further, machining is needed to remove excess material or complex shapes is needed in the final design.
[image: ][image: ]Heat treatments are used to further strengthen metals, this is done by either controlling cooling time by either extending, shortening or reheating the materials temperature, this allows the strengthening & refinement of the crystalline structure. There are 4 main types Annealing (heating below melting point), hardening (heating & rapidly cooling), Quenching (rapidly cooling) & Stress Reliving (heating below melting point & cooling in air for a specific amount of time). 
[image: ]
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3.0) Piston Design

A Piston is the workhorse of an engine, it experiences the most amount of stresses & varying elements in its component lifetime, with whatever material is used the 4 main functional rules must be adhered to: it can be machined easily into a lightweight & crowned/tapered (top & bottom) Elliptical shape which can survive combustion at high pressures & at a multitude of temperatures high & low allowing the same ability of performance produced in the pistons service life to transfer the same power from the first stroke to the last needed to move a vehicle from A-B.
The design of a piston  shape is usually produced in an elliptical shape, this is used to allow thermal expansion when metals are exposed to hot temperatures, this makes sure a tight tolerated fit is made to keep pressure above the piston pushing down from leaking past, other methods of piston rings (compression & oil retaining rings) and the tapered bottom of pistons are used to aid the prevention & segregation of the combustion chamber from the crankcase (below the piston). Another design element of the piston is the crown which is unique to every engine, the head (crown) usually includes dimples/domes/exposed edges etc. These & other clever shapes are used to encourage mixing of the air/fuel mixture when ignited to produce greater efficiency especially in leaner fuel mixes.
Strength to weight is another important asset explored when producing the piston assembly as the Piston, Gudgeon Pin & Connecting Rod must cope with the high speed changes of motion when  reciprocating (up & down) & the high pushing pressures caused during the chemical reaction & expansion of air caused during combustion, these forces can cause high points of stress and strain when these parts (connecting rod) is stretched when pushed & pulled apart.
A piston in industry can last up to the overall engines lifespan with piston rings needing replaced every 100,000mi or so, or a piston itself has cause the bore (cylinder wall) to ware causing low compression, the crown itself can tell a multitude of information on how the engine is running, whether it is to rich/lean, it is leaking coolant, oil or air from the cylinder head/valves/rings, or if the running/timing of the engine is wrong causing increased wear to the engine. To prevent & protect against oil lubricants are used to prevent friction caused when moving up & down strokes along the cylinder walls as well as keep the rotating surfaces able to move without seizing, oil also has cooling properties to keep temperatures low, as well as other additives to prevent wear.
Heat dissipation is important in 2 ways, it prevents the engine from overheating itself by either melting/welding/seizing itself together, it also stops the combustion process from malfunctioning by reigniting (pinking) at the wrong time or wrong place in the cylinder caused by heat spots, to prevent this, material choice along with the cooling/lubrication systems help mitigate any unwanted excess heat from building up in places such as the combustion chamber.   
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4.0) Maximising Performance

In this final section the report will be concluding the evaluation of a definitive material choice highly suggested to be used in the production of a 4 stroke Otto piston.
The material chosen is Aluminium this is due to its low density allowing greater ability to rev (rotate) faster, as well as other properties such as corrosion resistance prevent wear when left or cold started (condensation residue from combustion waste (h20 formation)), heat dissipation is also a non-limiting factor as it can quickly transfer heat (Conductional & Conventionally) through itself (hot metal to cold metal) & through the coolant water jackets inserted between the cylinders, & most importantly it can be cheaply produced through Die Casting at a much lower temperature & a shorter time frame compared to other materials due to its ability to cool faster, & machined more accurately to perfection. 
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KEY BENEFITS OF HEAT TREATING
YOUR METAL

IMPROVING WORKABILITY AND MACHINABILITY:

Heat treating improves manufacturability by removing internal
stresses from previous fabrication processes like cold work,
hot work, machining, stamping and welding.

IMPROVING WEAR RESISTANCE AND DURABILITY:

Heat treating can improve wear resistance by hardening the material.
Metals (including steel, titanium, inconel, and some copper alloys) can
be hardened either on the surface (case hardening) or all the way
through (through hardening), to make the material stronger, tougher,
more durable and more resistant to wear.

B y

IMPROVING STRENGTH AND TOUGHNESS:

Strength and toughness are a trade-off, as increasing strength
(as measured by hardness) may reduce toughness and introduce
brittleness. Specifically, heat treating can affect yield strength,
tensile strength and fracture toughness.

IMPROVING MAGNETIC PROPERTIES:

Several materials, such as 1008 or 316, tend to gain magnetism
when they are work-hardened. A specific annealing process will
reduce the magnetic permeability, which is especially important
if the part will be used in an electronic environment.

Reach out to us today to learn how we can
help with your next project.

. (510) 782-7755 BN info@thermo-fusion.com
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Glossary of terms:

Crystal Structure - A classification
of the way atoms are arranged

in a metal. Typical for carbon
steels and when comparing

only iron and carbon.

Critical Temperatures -
Temperature to which steels
are heated above to change the
crystal structure. Typcially
between 1400°F and 1800°F.

Interstitial Sites - The space
between atoms in a crystal
structure, that can fit atoms of
other elements within.

Quenchant - Liquid used,
typically oil or water, to cool
heated steel at a much faster
rate than air.

Hardenabilty - Ability of a metal

to form martensite upon quenching.
Martensite provides a metal's
hardness.
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Piston damages
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Shape casting processes
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Casting Defects
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