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Introduction

Materials:
Most steels used in the manufacture of vehicles are alloy steels. Alloy steels is a general name for steels that owe their distinctive properties to elements other than carbon. They are generally classified into two major categories:

Low-alloy steel possesses similar microstructures to and requires similar heat treatments to plain carbon steels. 

High-alloy steel may be defined as a steel having enhanced properties owing to the presence of one or more special elements or a larger proportion of element that is normally present in carbon steel. This section is concerned primarily with high-alloy steels.Alloy steels usually take the name of the element or elements, in varying percentages, having the greatest influence on the characteristics of the alloy.
Unit Objective:

Welding/Fabrication

By the end of this unit each apprentice will be able to: 

· State the function and use tools used in the working of sheet steel

· State the function of sheet metal equipment

· Adjust sheet metal forming equipment

· List the metals used in vehicle bodies and state their purpose

· Interpret simple drawings

· Define the mechanical properties of sheet mild steel

· Drill and de-burr sheet metal

· File sheet metal

· Define the qualities of mild steel

· Define the qualities of high strength steels
· Define the qualities of galvanised steels

· Define the qualities of stainless steel

· Define the qualities of aluminium

· State the manufacturing methods of steel

· Define anti-corrosion coatings

Key Learning points

· Recognition, selection and maintenance of hand tools

· Use and basic maintenance of sheet metal forming machinery

· Interpretation and marking out of basic drawings

· Hazards created by sheet metal and sheet metal equipment

· Cutting and forming of mild steel

· Drilling, hole punching of sheet metal

· De-burring/filing

· Identification of various steels

· Use of bench grinder

· Plain carbon steels

· High strength steels

· Galvanised steel

· Stainless steels

· Aluminium

· Manufacturing methods of materials
· General properties of steels

· Anti-corrosion treatments

1.0 Tools used in the working of sheet steel

One of the characteristics of the skilled worker is the way in which he selects and uses his tools. For this reason, it is essential that you know how to select and use both hand and machine tools correctly. If you do this you will save time and the work will be much easier. When you have selected the correct tool for the correct operation you have taken the first step in becoming a successful craftsman.

1.1 Recognition, Selection and Maintenance of Hand Tools
Hand Tools: 

Sheetmetal hand tools are used to scribe or measure lines, perform layout operations and shape or cut metals. Some of the hand tools in the following notes actually perform these operations while others such as stakes and punches serve as aids in performing them. It is important to keep tools in good condition, prevent tools going rusty by giving steel tools an occasional oiling. Tools with sharp points should be stored carefully.
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Figure 1: Scriber
It is used to mark lines on metal. It can be used in conjunction with a straight edge and square.
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Figure 2: Straight Edge
The straight edge is used as a guide for a scriber or pencil when marking a straight line or drawing a line between two points. It is also used in conjunction with a square to draw lines at right angles.
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Figure 3: Dividers

Made with each straight leg tapered to a needle point. Dividers are manufactured in various sizes and types and are used to space off equal distances, to divide lines into equal parts and to scribe arcs and circles. The spring loaded screw type are the more accurate type. 

                                                                  Figure 4: Steel Square
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The flat steel square is used to layout right angles (90º) and can also be used as a scale. It is an invaluable tool for accurate layout work in pattern drafting. The long arm is known as the body or blade, the short arm is known as the heel or tongue. These squares come in various sizes.
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Figure 5: Steel Try Square
It is used for making and checking right angles (90º). These squares come in various sizes. 

Figure 6: Combination Square
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Is one of the most useful and convenient tools for laying out small work. It is used as a square for measuring or laying out 90º and 45º angles. A spirit level is mounted in the stock. 
Figure 7: Swinging Blade Protractor
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It is a device for measuring and laying out angles from the edge of the work. This protractor consists of a head and a movable blade. The head of the protractor has a semicircular scale graduated from zero to 180º.
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Figure 8: Hack Saw
The hack saw is used for cutting materials by hand. It consists of a renewable hardened steel saw blade fitted into an adjustable frame, which is usually provided with a screw adjustment for controlling the tension of the blade. It is necessary to have both junior and senior hacksaws in your tool kit.

Figure 9: Files
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There are many shapes and sizes of files available with various grades of cut. Files are used to remove burrs from sheets of metal, to straighten uneven edges and for various other operations that require a small amount of metal to be removed. They should always be used with a handle. Common types used by the sheet metal worker are: flat, square, round and half-round.
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Figure 10: Hand Snips 

The offset combination of universal snips is preferred by the panel beater when cutting thin gauge metal. Universal snips are suitable for cutting straight lines, outside and inside curves. A right and left hand pair of combination snips will be suitable for most of the sheet metal cutting that will be encountered by the panel beater and there is no need for any curved blade snips. When the more popular right handed snips are used the waste metal forms a coil to the left of the cutting blades, thus causing little distortion to the surface of the sheet or panel being cut. Similarly, with the left handed pair of snips the waste metal passes to the right of the cutting blades, leaving the distorted sheet or panel on the left. Snips can be obtained in varying sizes with either straight or crank handles. A straight pair of snips is often necessary for long straight cuts.   
Hammers

The planishing or panel hammer is used more than any other tool in the body repair trade and for this reason the best hammer available should be obtained. The principal purpose of the panel hammer is for the smoothing and finalising of a panel surface after it has been roughed out to the required shape. The planishing hammer should have a true and unmarked face, and it must be kept polished and free from grit.

Hand Dollies
These are cast or drop forged steel blocks, heat treated to provide the correct degree of hardness. The shapes of the dolly blocks have been designed to provide a working surface that is highly polished and suitable for use on the many contours found on motor vehicle bodies.

They are used in conjunction with the planishing hammer or beating file and acts as a support or anvil to smooth out the surface area of panels that have been damaged. These dollies, together with the planishing hammers, are the most essential tools for the panel beating trade. Obviously one dolly block will not be suitable for all shapes requiring planishing; therefore it is advisable to have a set of these dollies which would be suitable for a wide range of shapes and contours encountered on the ever-changing body styles of the modern motor vehicle. Dollies should have a true and unmarked face and must be kept polished and free from grit.

Body Spoons  
These tools are made from a high-grade steel which has been drop forged and heat treated. They are sometimes called prying spoons because the spoon end is used in the same manner as a dolly in conjunction with a hammer. The body spoon really does the same job as a dolly block but is designed for use in confined spaces where a normal dolly block cannot be held in the hand, e.g. between door frames and outer door panels. The spoon end, which acts as the dolly, must be kept in good condition and free from grit.

File Hammer

This tool is designed to be used like a hammer, in conjunction with a dolly block, although it is actually a file with a serrated face and is suitably shaped for holding in the hand. The milling on the file blade tends to shrink the panel as well as leaving a regular rough patterned surface ideal for locating low spots on the panel under repair and for finishing with a body file. The tool is used in conjunction with a hand dolly and with a glancing blow. It is most effective on flat sections, where it will be found ideal for smoothing and levelling out wavy panels. Two types of beating files are available; one is flat for low and high crowned surfaces, while the other is half-round in shape and is used on convex or reverse-curved panel sections.

Mallets  

Mallets can be of the round or pear-shaped type made from boxwood or lignum vitae, or can be rubber, aluminium or plastic faced. Some mallets have interchangeable heads so that the correct head can be used for the material being worked on. A mallet is greatly used in the initial stages of smoothing and roughing out of a panel prior to planishing.

Body Files

Flexible panel file

This tool is designed with a two-position handle, and has a 14in (30cm) spring position handle, and has a 14in (30cm) spring steel backing plate to give adequate support over the whole blade. Positioned between the two hand grips is a turn-screw threaded left and right hand for adjusting the blade to concave or convex positions to suit the user’s requirements. The main use of this stool is to assist in the final planishing of the work. First and most important, it locates areas which are low on the surface of the panel under repair: second, it files out small marks or defects on the panel surface. It can be adapted to file the surface of almost any shaped panel by setting the blade either, straight, concave or convex. The file blades are specially designed so that they do not remove too much metal which has been painted, soldered or plastic filled. It is important to release the tension of the file blade after use.

Punches

Hole punches: Have interchangeable heads to punch holes of either 
[image: image2.wmf]16
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in (5mm) diameter hole is for gas welding or brazing and the ¼ in (6mm) holes is for MIG welding. 

Wing punch: Is a hole punch with a specially designed head which allows it to be used on wing panels and channel sections and also fit over roof gutters and wheel arches

Edge setters: The edge setter is a portable, hand-operated tool designed to provide a ‘joggled’ joint or stepped edge on a repaired or new panel, thus creating a flush fitting lap joint. 
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2.0 The Function of Sheet Metal Equipment

Box and Pan Folders 
The most important points when using this machine is:
· To set the machine to suit the metal thickness which we are bending.

· Never bend beyond the capacity of the machine. This strains the machine and will shorten the life span and quality of the folders.

· Never bend round bar etc. in the machine

· When removing or inserting the fingers (of machine) take care not to get your own hand or fingers squashed.

The main specification of a folding machine is:

· The maximum length and thickness to be bent. For example, the capacity of the machine may be 1.5m times 1.62mm. This means that the machine is capable of folding a sheet of metal 1.5m wide and of 1.62mm (16 s.w.g.) thickness. 

· The lift and shape of the clamping beam. The smallest width of bend is 8 to 10 times the metal thickness. The minimum inside corner radius of the bend is 1½ times the metal thickness.
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B refers to the smallest width which will clamp securely in the machine. If B is smaller than 8 to 10 times metal thickness it may slip out.

The three main steps in folding work are: 

Clamping

In clamping, the amount of lift of the clamping beam is important. It should be sufficient to allow the fitting and use of special clamping blades, or to give adequate clearance for previous folds.

Folding   

Care must be taken to see that the folding beam will clear the work, particularly when making second or third folds. Some folding machines are designed to fold radii above the minimum, either by fitting of a radius bar or by adjustment of the folding beam.    

Removal of the work

Care must be taken in folding to ensure that the work may be easily removed on completion of the final bend. The sequence of folding must be carefully studied. The lift of the clamping beam is important here. Some folding machines known as universal folders have a swing beam. The work may be completely folded around this beam, which is then swung out to allow removal of the work.

2.1 Hazards Created by Sheet Metal and Sheet Metal Equipment 
Radial Drill
· Exercise caution as hands and hair can become entangled in drill
· Ensure metal is gripped securely as metal may pull when drill penetrates work-piece
· Ensure correct speed is used
· Drill pilot hole first, if large hole is required
· Wear safety glasses
There are floor mounted and bench mounted types. Each type should be securely bolted down.
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                                 Figure 11: Radial Drill

Treadle Guillotine

· Ensure nearby people are clear of foot pedals
· Do not over-exert in trying to cut metal

· Do not exceed capacity of machine

· Ensure your own feet and legs are clear of the foot pedals

· Take care in handling the sheet itself

· [image: image18.jpg]


Only one sheet should be cut at a given time

· Never cut wires, rods or seams
                                 Figure 12: Treadle Guillotine

When working with the bending machines the existing safety rules must be kept to avoid personal or material injury.
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 Always wear the appropriate protection at all times i.e.

· Goggles when grinding and drilling 

· Safety shoes and tight-fitting overalls at all times; gloves when needed; also ear protection

Good housekeeping is an important element in accident prevention. Good housekeeping begins with planning ahead. Materials should be neatly stacked and any spillages of oil or grease should be cleaned up immediately. Each person should pay attention to his own work area. A neat work area reflects a worker’s approach to his work and equipment. The apprentice should always think safety. There are too many hazards in the work area to list. The apprentice should cultivate a positive attitude towards safe working habits. 
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Figure 13: Safe Work Area
Box and Pan Bending Machine
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· Beware of swinging counter-balance weights and bottom leaf (bed) of machine. 

· Do not use improper manual handling techniques when using machine or moving metal in or out of benders. This machine can put great strain on your back.

· Beware of blade crush when using machine or especially changing blade.

This type of machine, while suitable for all types of bending operations, has special provision for folding pans, trays or boxes. No rods, wires or metal beyond the capacity of the machine should be bent on this machine.

Always adjust for metal thickness.
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Figure 14: Box and Pan Bending Machine
Operation
When bending the lock for the upper beam (B) is released by using the pedal (G). Now the sheet can be entered. The upper bean is pressed down again by using the pedal (H). Before the lock (G) for the upper beam is activated it is necessary to adjust the handles (A) so it is possible to press the pedal home. Finally the handle (E) for the bending beam (F) is adjusted, so the bending crack (see fig 16) correspond with the sheet dimension. It might be necessary to dismount one or more of the segments (C) in the upper beam in order to make the best possible use of the many possibilities. 

Figure 15: Metal Forming Equipment 
[image: image22.jpg]



[image: image23.jpg]


 

Figure 16: Bending Crack
When working with the bending machines the existing safety rules must be kept to avoid personal or material injury.

It is not recommended to bend sheets which exceed the maximum sheet dimension (see technical specifications).
2.2 Basic Maintenance of Sheet Metal Forming Machinery

To secure unnecessary wear and tear the four nipples must be lubricated regularly. It is advised not to change the adjustment of the upper beam in the slide rails (D) see figure 15, as this is correctly adjusted from the factory.

If these directions and maintenance instructions are kept it is only necessary to adjust the position of the slide rails due to wear and tear and if the segments are grinded off.

3.0 Metals used in Vehicle Bodies

3.1 Know your Steels and their Yield Strength

	Types of Steel
	Yield Strength
	Technical Information

	Mild Steel
	Less Than 220 (mPa)
	Wings

	Deformable Steel
	220N/mm
	Pedestrian Protection

	(SS) Soft Steel
	220 N/mm (MPa)
	Soft Steel

	ZSTE 260
	260N/mm (MPa)
	Soft-Medium (HSS)

	ZSTE 300
	300N/mm (MPa)
	Medium Strength (HSS)

	(DD) Deep Drawn
	440N/mm (MPa)
	Easily Formed (HSS)

	(IF) IF Steel
	440N/mm (MPa)
	High Strength Steel

	(IS) Isotropic Steel
	440N/mm (MPa)
	High Strength Steel 440 Max Steel

	(HSS) High Strength Steel
	220-550 N/mm (MPa)
	Medium Strength

	(DP) Dual Phase Steel
	450-1300N/mm (MPa)
	Many Crystalline Forms/Combinations

	(EHS) Extra High Strength
	550-800N/mm (MPa)
	Extra High Strength

	(UHS) Ultra High Strength Steel
	800-1300/mm (MPa)
	Excess Carbon for Hardness (Hardest Form)

	(Trip) Transformation Induced Plasticity
	500-800 (MPa)
	Carbon Silicon Aluminium Mix


4.0 Qualities of Steel

Engineering materials are grouped into two main categories:

· Ferrous Metals

· Non-ferrous Metals 

Ferrous Metals:
These are metals and alloys containing a high proportion of the element iron. e.g. mild steel

Non-ferrous Metals:

These materials refer to all the thirty eight remaining metals known to man.

Common non-ferrous metals are:

· Aluminium 
· Copper

· Lead

· Silver

· Tin

· Zinc

· Chromium

· Cobalt

· Manganese

· Molybdenum

· Nickel
Properties of materials

The properties of materials are divided into three main categories:

· Mechanical Properties.

· Chemical Properties

· Physical Properties

Mechanical Properties
· Plasticity  -Ductility
                     -Malleability          
· Hardness

· Elasticity

· Tensile Strength

· Compressive Strength

· Shear Strength

· Toughness

· Rigidity   

Chemical Properties

· Corrosion 

· Oxidation

· Reduction

Physical Properties

· Thermal Conductivity   
· Temperature Stability

· Magnetic Properties

· Feasibility

Physical Properties

· Thermal Conductivity
· Temperature Stability

· Magnetic Properties

· Feasibility

· Fusibility 

Tensile Strength

This is the ability of a material to withstand tensile (stretching) loads without breaking.

Compressive Strength

This is the ability of a material to withstand compressive (squeezing) loads without being crushed or broken.

Shear Strength

This is the ability of a material to withstand offset loads, (shearing actions)

Toughness (Impact Resistance)

This is the ability a natural material to withstand shatter – if a material shatters it is brittle (e.g. glass). toughness should not be confused with strength.

Elasticity  
This is the ability a material to deform under load and return to its original size and shape when the load is removed.
Plasticity

This is the state of a material which has been loaded beyond the elastic state. This property is the exact opposite to elasticity. Under a load beyond that required to cause elastic deformation the material deforms permanently and will not return to its original size and shape when the load is removed.

Ductility

Is a particular form of the property of plasticity. The term is used when plastic deformation occurs as the result of applying a tensile load. A ductile material is required for cold pressing low-carbon steel sheets into motor car body panels.

Malleability

This is the term used when plastic deformation occurs as the result of applying a compressive load. 

Hardness

This is defined as the ability of a material to withstand scratching (abrasion) or indentation by another hard body.

Rigidity (Stiffness)

This is measure of a material’s ability not to deflect under an applied load.

Electrical Conductivity

The term used to describe the resistance to flow of electrons (electric current through the material). A material that has the property of very good electric conductivity offers very little resistance to the flow of electric current e.g. copper.

Magnetic Properties

In the same manner that some materials can be good or bad conductors of electricity some materials can be good or bad conductors of magnetism – good magnetic conductors are the Ferro – magnetic materials which get their name from the fact that they are made from iron. Steel and associated alloying elements – magnetic materials can be sub- divided into two classes:

· Hard Magnetic Materials

These retain their magnetism after the initial magnetising force has been removed.

· Soft Magnetic Materials

These retain virtually no magnetism when the magnetising force is removed.
Thermal Conductivity
This is the ability of a material to transmit heat energy by conduction.

Fusibility

This is the ease with which materials will melt. Solder melts easily and therefore has the property of high fusibility. Material that will only melt at very high temperatures are said to have the property of low fusibility.

Temperature Stability

Substantial changes in temperature can have very significant effects of the structure and properties of materials. 

5.0 Qualities of Mild Steel

· Carbon steels are alloys of irons and carbon

· If the carbon content is under 0.3% then the alloy is referred to as Low Carbon Steel.

· If the carbon content is increased to 1.2%, the alloy is referred to as High Carbon Steel. Adding Carbon to steals hardens it. 

· Medium Carbon Steel has a carbon content of between 0.3 – 0.8%

· Low Carbon Steel is used for motor car body panels, thin wire, tubes and girders. 

· Medium Carbon Steel is utilised in the manufacturing of leaf springs, cold chisels, axles.

· High Carbon Steel is used in the manufacture of coil springs wood chisels, knives, taps and dies.

5.1 Plain Carbon Steels

Carbon steels and alloys can be heat treated in order to carry their mechanical properties.

The heat treatment processes appropriate to plain carbon steel are:

· Annealing

· Normalising

· Hardening

· Tempering

Annealing Processes

All annealing processes are concerned with rendering steel soft and ductile so that it can be cold – worked and or machined.

Normalising
This process resembles full annealing except that whilst in annealing the cooling rate is deliberately retarded, in normalising, the cooling rate is accelerated by taking the work from the furnace and allowing it to cool in free air.

Hardening

When plain carbon steel with a carbon content above 0.4% is cooled very rapidly from the appropriate temperature the steel becomes appreciably harder. 

Tempering
Fully hardened plain carbon steel is brittle and hardening stresses are present. In such a condition it is of little practical use, and it has to be re-heated or tempered to relieve the stresses and reduce the brittleness.

Tempering or hardening
Is a process of improving the characteristics of a metal, especially steel. Tempering is carried out by heating the metal to a high temperature and then cooling it, usually by quenching it in oil or water.

Cold chisels, screwdrivers, springs and the jaws of stilsons are examples of tools which are tempered.

Annealing 

Annealing is the treatment of a metal or alloy to reduce its brittleness and improve its ductility. Annealing is often referred to as the softening before work is continued, other wise it might fracture. Annealing is achieved by the application of heat. Copper pipes are annealed before spring bending. The pipe is heated to a dull red colour and then allowed to cool or quench in cold water. 

5.2 Corrosion of metals

Factors governing corrosion

· The metal from which the component is made.

· The protective treatment on the component surfaces.

· The environment in which the component is kept.

There are three ways in which metals corrode:

· Dry Corrosion

· Wet Corrosion 

· Galvanic Corrosion

Dry Corrosion

Is the direct oxidation of metals which occurs when a freshly cut surface reacts with oxygen in the atmosphere.

Wet Corrosion

The oxidation of metals in the presence of air and moisture

The corrosion of metals by reaction with the dilute acids in rain due to the burning of fossil fuels (Acid Rain)

Galvanic Corrosion
This occurs when two dissimilar metals, such as Iron and Tin or Iron and Zinc are in intimate contact. They form a simple electrical cell in which rain, polluted with dilute atmospheric acids, acts as an electrolyte. An electric current is generated and circulates within the system. Corrosion occurs with one of the metals eaten away.

Anti –Corrosion Treatments

· Galvanising

· Electro coat

· Prime

· Paint

· Sealer

· Cavity wax
6.0 The Qualities of Galvanised Steels

Pure zinc has a melting point of only 420ºC, and is the only commercial metal which can be refined by distillation. Pure zinc is relatively weak, but is widely used as a coating on steel to prevent corrosion by atmospheric attack and zinc – coated low – carbon steel sheet is known as galvanised iron. In the case of galvanised iron the zinc is more corrosion resistant than the steel and is less likely that it will be corroded. 

Sacrificial Protection

This is the term used to describe the protection offered by Zinc to the mild steel. The automotive industry in seeking to provide extended warranties is turning increasingly to the use of Zinc coated steels. Different areas of a vehicle require different Zinc coatings and weights to meet appearance performance criteria.

6.1 Galvanised Steel

Zinc coated steel is available in two forms

· Hot Dipped 

· Electrolytically Deposited
The hot dipped product is generally used for under-body parts.

The electrolytic product is used for exposed body panels.

Both types offer barrier and corrosion protection. The electrolytic products are available in single and double sided coating.

Single Sided Zinc Coated Steel

Zinc is applied to one side of a steel sheet by either the hot dip or electrolytic process. Its uncoated side provides a surface for painting; therefore, it is used mainly for outer body panels. As the zinc coating is towards the inside of the car it protects against perforation corrosion. 

One and Half Sided Zinc Coated Steel

This product is produced mainly by the Hot Dip process. One side of the sheet is coated with zinc and a thin layer of zinc-iron alloys is formed on the other side. It is primarily used for exposed panels where the zinc-iron layer is on the outside for cosmetic protection and the zinc side provides perforation protection.
Double – sided Zinc Coated Steel

This product is manufactured as the name suggests by applying zinc to both sides of the sheet with equal or different coating weights. By coating the steel with galvanised material it protects the surface from corrosion. 

7.0 Qualities of Aluminium

7.1 Aluminium

· Excellent resistance to corrosion due to the film of oxide which forms on the surface of the metal and protects it from further attack. 
· High thermal Conductivity. 

· High Malleability.

· Good Electrical Conductivity.

For use as a constructional material pure aluminium lacks strength. For most engineering purposes, aluminium is alloyed in order to give a higher strength/weight ratio. 

Aluminium is approximately one – third the weight of steel. In the modern motor body vehicle the saving of weight is its most important advantage and although on average the panel thickness used is approximately double that of steel, a considerable weight saving can be achieved.

The Oxide film which forms on the surface of the metal is only 0.002cm thick and is transparent. However impurities in the atmosphere turn it to various shades of grey, if this film is broken it will reform providing complete protection for the metal.

Aluminium alloys can be formed into four groups:

Alloys which are not heated: 

· Wrought Alloys

· Cast Alloys

Alloys which are heat treated:
· Wrought Alloys

· Cast Alloys

Non Heat treatable alloys

Wrought, including pure aluminium, gain in strength by cold working such as rolling, pressing, beating and any similar type of process.

Heat Treatable Alloys

These are strengthened by controlled heating and cooling followed by ageing at either room temperature or at 100 - 200ºC.

The most commonly used elements in aluminium alloys are Cooper, Manganese, Silicon, Magnesium and Zinc.

Alloy Steels

Plain carbon steel contain up to 1.0% manganese. Consequently a steel is not classed as an alloy steel unless it contain more than 1.0% manganese or deliberate additions or other elements.

Alloy Groups

Alloy can be divided into two main groups:

· Those which strengthen and toughen the steel. These are used mainly in constructional steel and include nickel, manganese and chromium.

· Those which combine chemically with some of the carbon in the steel. These are used mainly in tool steels, die steels. They include chromium, tungsten, molybdenum and vanadium.
Nickel Steels

Nickel increases the strength of steel by dissolving in the ferrite. Its main effect, however, is to increase roughness by limiting grain-growth during heat treatment. Nickel steels are always low-carbon steels or alternatively medium-carbon steels with very small amounts of nickel.

Main Uses: Crankshafts – axles, crown wheels, camshafts

Chromium Steel

When chromium is added to steel the hardness of the steel is increased. However, the main disadvantage of chromium is unless care is taken to limit both temperature and time of heat treatment brittleness may arise. Low – chromium steels also have a good resistance to wear.

Main uses: Ball and roller bearings, spanners, connection rods and steering arms.

Nickel – Chromium Steels
These steels suffer from a defect known ‘as brittleness’ and for this reason straight Nickel – Chromium steels and have been almost entirely replaced by Nickel – Chromium – Molybdenum steels.

Nickel – Chromium Steels
These steels suffer from a defect known as ‘temper brittleness’ and for this reason straight nickel – chromium steels have been almost entirely replaced by nickel – chromium – molybdenum steels.

Nickel – Chromium – Molybdenum Steels
The addition of 0.3% molybdenum to steel eliminates the defect known of temper brittle’s which nickel – chromium steels suffer from.

Uses: Differential shafts, crankshafts and other highly stressed parts. 
Manganese Steels
Steel contain some manganese but it is only when the manganese content exceeds 1.0% that it is regarded as an alloying element. Manganese increases the strength and toughness of a steel but less effectively than nickel. Low – manganese steels are used as substitutes for other more expensive, low-alloy steels.

T.I.G welding was developed for welding magnesium alloys. Other processes are unsatisfactory because of the reactivity of molten magnesium.  
Tool Steels
The primary requirement of a tool steel is that it will have considerable hardness and wear-resistance combined with reasonable mechanical strength and toughness. Tool steels which work at high speeds are generally alloy steels containing one or more of the following elements – chromium, tungsten, molybdenum or vanadium. 
High - Speed Steel
High speed steel, as we know it was first shown to the public in 1900. The maximum cutting efficiency is attained with a composition of 18% tungsten, 4% chromium, 1% vanadium and 0.75% carbon. Since molybdenum is now cheaper than tungsten many modern high steel contain large amounts of molybdenum to replace much of the tungsten.
8.0 Qualities of Stainless Steel
The rust-resisting property of high-chromium steel was discovered in the early years of the last century.

Chromium imparts the stainless properties to these steels by coating the surface with a thin but extremely dense film of chromium oxide, which effectively protects the surface from further attack. 
There are two main types of stainless steel:
· Straight chromium alloys

· 18/8 chromium/nickel steels

Straight chromium steels contain 13% or more of chromium. These steels provided they contain sufficient carbon, can be heated to give a hard structure. Stainless cutlery steel is of this type. Some of these steels however contain little or no carbon and are pressed and deep drawn to produce such articles as kitchen sinks, beer barrels, refrigerator parts.

18/8 chromium/nickel steels contain as the name suggests 18% chromium and 8% nickel the remaining being iron. This type of steel cannot be hardened (except by cold working). It is used in chemical plant and food processing where the combination of corrosion resistance at elevated temperatures, high strength and non-toxicity are very valuable properties.

These steels suffer from a defect known as weld decay – this is caused when during welding to the chromium is depleted in the region close to the weld, causing corrosion to occur in this area.

Weld decay can be overcome if the steel contains the additional element titanium, niobium or molybdenum. 

Micro – Alloyed Steel (HSS):
This steel is basically a carbon – manganese steel having a low carbon content but with the addition of micro-alloying elements such as niobium and titanium.

A typical composition used for HSS is as follows: 

Carbon         0.05  -  0.08%

Manganese   0.80  -  1.00%

Niobium      0.015 – 0.065%

Note: The % of niobium used depends on the minimum strength required.

HSS is classed as low-alloy high strength steel with a yield strength between 220 and 550 MPa. Car manufacturers are using this material to produce stronger, lighter-weight body structures because of its strength, toughness, formability and weldability.
8.1 High Strength Steels

High strength steels have been introduced into automotive production slowly, only because of the need for specialised press tools to form body panels from this stronger material. The die tools need to be harder than for normal low carbon (LC) steels and the presses need to be stronger and more accurate. HSS came about because of the need to make vehicles lighter following the 1970 fuel crises. Lighter cars mean better fuel economy. This lead to American car makers forming the Ultra Light Steel Auto Body (ULSB) group and the Ultra Light Steel Body – Advanced high – strength steel (AHSS) as the materials have been developed and understood.

Cost 
Steel costs about one-fifth of the price of aluminium when brought in the quantities needed by a car maker. Also the iron and steel industry has hundreds of years of practical experience in shaping and forming steel compared to the other materials which could be used to make vehicle bodies.

Properties of HSS 
High - strength steel has a yield strength ranging from 300 to 1200 MPa compared to LC steel which has a range of 140 – 180 MPa. However, although the metal is stronger, it is not necessarily stiffer. That is, the body parts can not necessarily be made thinner as they are likely to sag. If you look at the swage lines on the latest vehicles, you will see that many panels are stiffened by the use of swaging. The current modern shapes are to allow the usage of thinner sheet steel which is lighter and of course cheaper. Oddly however, the new vehicles are not lighter in weight, this is because of the addition of electrical body controls such as electric windows and seats. HSS is not as easy to form as LC steel; also some types of HSS can be drawn better than others. Generally the extra strength of HSS is brought about by changes  in the steel microstructure during the steel processing. The following paragraphs discuss the different types of HSS and AHSS steels.

HSS also known as re-phosphorized – added phosphorous; isotropic – added silicone and bake hardened – age hardened. The two most common types used in vehicle body construction are MSLA and HSLA.

Medium – strength low alloy steel has a yield strength of between 180 and 300 MPa. This steel is made by dissolving more phosphorous or manganese alloy into the molten steel during manufacture.

High – strength low alloy steel has a yield strength of between 250 and 500 MPa. This is made by adding small amounts of titanium or niobium to the molten steel which produces a fine dispersion of carbide particles.

Advanced high-strength steel types are aimed at producing steel with suitable mechanical properties for the forming of vehicle body parts, usually through the hydro forming process using water pressure to mould the metal over the die.

Duel phase (DP) steel has a yield strength of between 500 and 1000 MPa. It is made by adding carbon to enable the formation of (hard) martensite in a more ductile ferrite matrix. Manganese chromium, vanadium or nickel may also be added. The DP steel may have its strength triggered by either bake hardening or work hardening when it is stressed under the stamping or other forming process.

Complex phase (CP) steel has a yield strength of 800 – 1200 MPa. CP steel has a very fine microstructure using the same alloying elements as in DP or TRIP steel with the possible additions of niobium, titanium and /or vanadium. Again the high strength is triggered by applied strain.

Applications of AHSS
TRIP and CP steel is ideal for use in crash zones. It is excellent for absorbing energy during impact. CP steel is often used for ‘A’ and ‘B’ posts and bumper attachments. Increasingly AHSS steel is used for strengthening members to which other steel panels are welded, in other words a steel composite structure.

Repair of HSS and AHSS Panels
One of the problems is that it is not possible to recognize HSS and AHSS panels by sight. Therefore it is essential to follow the guidelines offered by the vehicle manufacturer on recommended repair methods. As a general guide, look out for parts such as ‘A’, ‘B’ and ‘C’ posts. 

Boron Steels
High strength steel such as boron steel is used for the chassis sections, ‘A’ posts, ‘B’ posts and sills. Boron is the family name of a large group of high strength sheet steels (UHSS) which are continually under development. Boron steels have been developed to improve harden ability during heat treatment by the deliberate addition of boron to a range of medium carbon steels. They posses harden ability equivalent to that of much higher carbon steel and more expensive low alloy steels. In general it is used to provide extra strength in the sill area, ‘B’ post, chassis areas, rear cross members and roll over bars. It is difficult to repair and certain repair methods should only be employed.

However, whichever new car you are working with now or in the future it s very likely that you will find some baron steel somewhere. The car manufacturers without exception are all looking at inverter welders as a means to welding this new steel. It is the process that is used in their factories, so it logical that the same process should be now used in the bodyshops. 

The steels are sensitive to excess temperatures, not only for welding but for corrosion protection (see MIG Welding/Brazing for temperatures) if there is excess heat the steel will have a risk of 
fracture at the edge of the weld – not always immediately, it can be up to 2 to 3 years later. On the rear of the weld you may see small crystallization, as there is no protection and as the weld metal gets exposed to the atmosphere it will crystallise. The rule applies to spot welding and MIG welding.
Never use the MIG Braze plug method on 8mm, 10mm or 12mm holes as it will break, you must always cut a slot in the metal then seam braze using the MIG brazing process.

Boron steel contains a very small amount of boron, typically 0.001-0.004 percent. This steel is used by many of the major manufacturers.

Up until recently, the repair methods for vehicles with this kind of steel (EHS and UHS) have been very difficult. One of the problems being the removal of spot welds from the damaged section of the car. Now milling machines type spot weld cutters are available.

8.2 Identification of Various Steels

It is very hard to find out what steel is being used in different areas, with all the confusion around what vehicles include which steels, there is now a quick and easy solution for identifying the steel you are dealing with:

1.  Get manufacturers data

2.  Get thatchem data

3.  Get a meter to test it

8.3 Manufacturing Methods of Steel

Sheet products are first cast by the semi-continuous casting process, then scalped to remove surface roughness and preheated in readiness for hot rolling. They are first reduced to the thickness of plate and then to sheet if this is required. Hot rolling is followed by cold rolling, which imparts finish and temper in bringing the metal to the gauge required. Material is supplied in the annealed (soft condition) and in at least three degrees of hardness, H1, H2 and H3 (in ascending order of hardness).

Summary
Most modern vehicles are constructed from a number of different steels, partly to obtain an optimised body (collision safety, rigidity, fuel economy, etc.) and partly to make them light and as easy to repair as possible.

Steels are divided into four groups according to their tensile and yield strength, that is to say the force necessary to bring about plastic deformation of the material.

Yield and tensile summary:

· Yield is the strength at which the metal changes from elastic to plastic in behaviour, the point of no return.
· Tensile strength is the breaking strength of a material when subjected to a tensile (stretching) force, the point of fracture.       
	SS
	Soft Steel
	Maximum yield point of 220 MPa

	HS
	High Strength Steel
	Steel with a yield point         220-450 MPa

	EHS
	Extra High Strength Steel
	Steel with a yield point         450-800 MPa

	UHS
	Ultra High Strength Steel
	Steel with yield point            800-1400 MPa


When welding on these high strength steels follow manufacturers recommendations. The sectioning and butt welding of EHS and UHS is not recommended as extreme heat alters the characteristics of the metal.                                                       
High strength steels are extensively used in automotive body structure where durability is a requirement. Due to the low-carbon and low-alloy content, these grades offer sufficient formability at the strength levels and have good weldability. The use of high strength steel saves weight because vehicle makers can use thinner gauge metal without sacrificing strength and performance. 
Self Assessment
Questions - Module 1. Unit 7
1.   What is a scriber used for?

	


2.    What is a straight edge used for?
	


3.   What is a flat steel square used for?

	


4.   What is a hacksaw used for?

	


5.   What is the principal purpose of a panel?    
	


6.   What do you use with a body spoon?
	


7.   What do you add to steel to make it harder?

	


8.   Name three ways in which steel corrodes?

	


9.   What happens to steel when boron is added to it?
	


10.   What does the term UHSS mean?
	


Answers to Questions 1-10. Module 1. Unit 7

1.   
	To mark lines




2.

	A straight edge is used as a guide for a scriber. 


3.
	To lay out right angles at 90º


4.
	To cut materials




5.
	The principal purpose of a panel hammer is for smoothing and finalising of a panel surface. 


6.

	A body spoon is used in conjunction with a hammer.


7.
	Adding carbon to steel makes it harder.




8.
	                            Dry corrosion
                            Wet corrosion
                            Galvanic corrosion



9.
	When boron is added to steel it hardens considerably.




10.
	Ultra high strength steel


Suggested Exercises

Mark out, cut and form 1mm gauge mild steel. Drill and file as per drawing.

Interpret Simple Drawings

Instructions:

· Interpret drawing

· Select suitable tools

· Mark out

· Out and form 1mm gauge sheet steel to ± 1mm tolerance

· Observe safe working practices at all times

Tools and Materials:

· Safety material hand/pedestal drill and bits

· Guillotine

· Hand snips

· Folding press files

· Measuring and marking out equipment

· [image: image24.jpg]


Centre punch drawing hack saw manual

	Dimensions
	Gen. tol.
	Scale
	Material

	mm 
	± 1mm
	  nts
	1mm Mild Steel

	CUT AND FORM

	SOLAS
	Phase 2. Mod 1. Practice 


Training Resources
· Personal protection equipment

· Sheet metal guillotine

· Drilling machine and drill bits

· Files

· Workbench

· Vice

· 1mm sheet steel

· Marking out equipment

· Snips. Centre punch

· Hacksaw

· Drawing
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