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Foreword

Since 1914 the Vehicle Builders and Repairers Association has been intimately involved in the history
and development of the motor vehicle and repair techniques. The onward march of technical progress
increases each year with vehicles becoming more complex and where the ancillary equipment, especially
the electrics, require delicate handling and treatment as part of the repair process.

It has never been more necessary to encourage young people into the industry, to equip them with the
necessary technical skills and tools plus an ability to work quickly, confidently and efficiently to maximize
profit whilst safeguarding their own and their colleagues’ health and safety.

Vehicle Body repair is both art and science. Repair of Vehicle Bodies addresses both sides of that equation.

Qualified technicians able and willing to apply themselves diligently and accurately to their task are a
scarce resource, commanding increasing respect and greater recognition than ever before.

Everyone has to begin somewhere. This book is an excellent starting point providing the basic essentials
as well as the more advanced skills and knowledge needed to equip students for a successful career in the
body repair industry.

Like all businesses, body repairers rely heavily on their most valuable asset, their staff, for survival
and success in their specialist field. Pride in the job is still very much in evidence but it is essential that
everyone involved in the repair process performs efficiently and consistently. This book underpins this
process and goes on to become a significant source of reference for the future.

Malcolm Tagg
Director General
Vehicle Builders and Repairers Association Limited
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Preface

This book is written for a wide range of students and professional practitioners in the field of vehicle
body repair and re-finishing. It is a text book and reference work which covers the concepts, principles
and skills needed to carry out effective vehicle body repair and re-finishing.

It will be useful for the professional practitioner whether working on current models or restoring vintage
or classic cars. The DIY enthusiast will find it easy to read and useful as a work-shop manual when
carrying out tasks, or projects, related to the vehicle body.

Students who are studying for NVQ, SNVQ, National Diploma, Higher National Diploma or Foundation
Degree qualifications in motor vehicle engineering will find the book an ideal text and reference book for
both the practical skills and the examinable content of those courses.

For NVQ/SNVQ students, Tables P1 and P2 will help in portfolio planning. Table P1 shows the
qualification framework for Vehicle and Body Paint Operations Units from Automotive Skills Limited.
Table P2 links the qualification framework with the contents of the book, showing which sections in the
book relate to specific units. This table will help guide readers who are using the book as a course text or
reference, with links to the underpinning knowledge and skills as well as to the material included in the
NVQ assessment.

The book deals with the craft techniques needed for working with ferrous, non-ferrous metals and
composite materials as well as with materials joining technologies and the use of body- and re-finishing
shop equipment and tools. It is written to be as comprehensive as possible. I hope that the reader will
enjoy it. If you have comments on this book, mail me at

Andrew Livesey
Andrew @ AndrewLivesey.co.uk



xvi Preface

Table P1 Automotive skills S/NVQ qualification framework: Vehicle body and paint operations
Routes
g %
g 5 0 kS 5 %0
AR | S| 8| wS | =8| w8
SR ST|SE I8 |3 3%
S A 22 5 53 &
Units = =
Gl Contribute to workplace good housekeeping M M M M M M
G2 Ensure your own actions, reduce risks to health and safety M M M M M M
G3 Maintain positive working relationships M M M M M M
BPO1 Remove and fit basic Mechanical, Electrical and Trim M
(MET) components to vehicles
BP02 Remove and fit non-welded non-structural vehicle M M
body panels
BPO3 Remove and fit non-welded non-structural
motorcycle body panels**
BP04 Remove, renew and refit Mechanical, Electrical and M
Trim (MET) units within vehicle systems
BPO5 Remove and replace vehicle non-structural body panels M
BP06 Repair vehicle non-structural body panels M
BPO7 Prepare vehicle panels to accept foundation and topcoats M
BPO8 Prepare and apply foundation materials to vehicles M
BP09 Repair minor vehicle paint defects M
BP10 Carry out complete vehicle refinishing operations M
BP11 Mix and match vehicle paint colours M
BP12 Identify and rectify vehicle paint defects and faults M
BP13 Remove and replace vehicle body panels M
BP14 Repair vehicle body panels M
BP15 Remove and reinstate vehicle mechanical and
electrical systems and assemblies following M
accident damage
BP16 Remove and reinstate vehicle trim fitments following M
accident damage
BP17 Rectify vehicle misalignment M
BP18 Repair glass reinforced panels and vehicle bodies* A
MRO6 Inspect vehicles M
MRO09 Valet vehicles* A
Note: i) A i) Y 4 ~
6 mandatory units to be completed for each g g 8 g g g
route within each level. 2 g g 5 2 2
* These units are available for accreditation in g % § § g g
addition to those necessary for the full NVQ/SVQ, if E, EL E E, E, E,
required. = g = g g =
*% This unit appears as an optional unit for b= 2 b= 2 2 b
motorcycle technicians within the M & R Level 2 %’ § g § § §

S/NVQ framework.




Table P2 Automotive skills: S/NVQ units and related sections

Preface xvii

Units

Related sections

Gl
G2

G3
BPO1

BP02

BPO3

BP04

BPO5

BP06
BPO7
BPO8
BP09
BP10
BP11
BP12
BP13
BP14
BP15

BP16

BP17
BP18
MRO06
MRO09

Contribute to workplace good housekeeping

Ensure your own actions, reduce risks to health
and safety

Maintain positive working relationships

Remove and fit basic Mechanical, Electrical and Trim
(MET) components to vehicles

Remove and fit non-welded non-structural
vehicle body panels

Remove and fit non-welded non-structural motorcycle
body panels

Remove, renew and refit Mechanical, Electrical and
Trim (MET) units within vehicle systems

Remove and replace vehicle non-structural
body panels

Repair vehicle non-structural body panels

Prepare vehicle panels to accept foundation and topcoats

Prepare and apply foundation materials to vehicles

Repair minor vehicle paint defects

Carry out complete vehicle refinishing operations

Mix and match vehicle paint colours

Identify and rectify vehicle paint defects and faults

Remove and replace vehicle body panels

Repair vehicle body panels

Remove and reinstate vehicle mechanical and electrical
systems and assemblies following accident damage

Remove and reinstate vehicle trim fitments following
accident damage

Rectify vehicle misalignment

Repair glass reinforced panels and vehicle Bodies

Inspect vehicles

Valet vehicles

2.1-2.8;3.5;12.6; 13.5
2.1-2.8;9.13; 11.8; 12.6; 15.6; 16.11

N/A
1.3-1.5; 13.18

14.4.4-14.4.6
N/A
1.13-1.5; 13.18

1.3-1.5;3.1; 3.17; 4.13; 7.1-7.8;
14.49-14.4.11

13.1-13.16

1.5;16.9; 17.12-17.13

17.13; 17.16

17.5; 17.11

17.1-17.20

17.1-17.6

17.11;17.12; 17.15; 17.19

1.1-1.5;3.1; 7.1-7.8

13.1-13.17; 14.1-14.5; 16.1-16.11

13.18

4.13; 13.16.10; 14.4.9-14.4.11; 3.24.3

14.1-14.5
16.1-16.11
N/A
14.4.14
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Glossary

Abrasive A substance used for wearing away a surface by rubbing.

Acceleration Acceleration is the rate of change of speed.

Accelerator A constituent of synthetic resin mix which hastens a reaction.

Accessories Optional extras not essential to the running of a vehicle, e.g. radio, heater.

Acetone A liquid hydrocarbon capable of dissolving twenty-five times its own volume of acetylene gas
at atmospheric pressure.

Acetylene A combustible gas which is mixed with oxygen and used in oxy-acetylene welding.

Adhesion The ability to adhere to a surface.

Adhesive A substance that allows two surfaces to adhere together.

Adjustments Necessary alterations to improve tolerances in fit.

Air bags A passive safety restraint system that inflates automatically on vehicle impact to protect the
driver.

Alignment The operation of bringing into line two or more specified points on a vehicle structure.

All-metal construction Generally this applies to those body shells of both private cars and light
commercial vehicles in which the construction is in the form of steel pressings assembled by
welding, thus forming a fabricated unit.

Alloy A mixture of two or more metals with, or without, other metallic or non-metallic elements.

A-post A structural pillar on which the front door is hung.

Backfire In gas welding, a momentary return of gases indicated in the blowpipe by a pop or loud bang,
the flame immediately recovering and burning normally at the blowpipe.

Backhand welding Sometimes classified as ‘rightward welding’. A technique in which the flame is
directed backwards against the completed part of the weld.

Back light A central window in the rear panel of the driving cab, or the rear window of a saloon body.

BC-post Central pillar acting as a central roof and side support between the rear and the front of the
car.

Bevel angle The angle of a prepared edge creating a bevel prior to welding.

Billet An oblong piece of metal having a square section.

Binder A resin or cementing constituent of a compound.

Blowpipe A tool used for welding, known as a welding torch.

Body The structured part of a vehicle which encompasses the passenger, engine and luggage compartments.

Body hardware Functional accessories of vehicle body, e.g. door handles.

Body lock pillar A body pillar that incorporates a lock striker plate.

Body mounting Conventional body mounted on car chassis in composite method of body construction.

Body panels Pressed metal panels, or plastic moulded composite panels, which are fastened together to
form the skin of a car body.

Body side moulding The exterior trim moulding fastened to the exterior of the body in a horizontal
position.

Body sill The panel directly below the bottom of the doors.

Body spoon A body repairer’s hand tool.

Body trim The materials which are used in the interior of the body for lining and upholstery.

Bonnet The metal cover over the engine compartment.

Boot A compartment provided in a car body which takes the luggage and often the spare wheel and
fuel tank. It may be at the front or rear of the body depending upon the location of the engine.

Bootlid Door covering luggage compartment.



xxiv  Glossary

Bottom side The frame member of the base of the body extending along the full of the main portion of
the body.

Brazing A non-fusion process in which the filler metal has a lower melting point than the parent
metal(s).

Buckles The resulting distortion of body panels after collision.

Bulkhead A transverse support in a body structure.

Bumping Reshaping metal with a hammer and dolly.

Burr The resulting condition left on a metal edge after cutting or filing.

Bursting disc A type of pressure relief device which consists of a disc, usually of metal, which is so
held that it confines the pressure of the cylinder under normal conditions. The disc is intended to rup-
ture between limits of over-pressure due to abnormal conditions, particularly when the cylinder is
exposed to fire.

Butt joint A welded joint in which the ends or edges of two pieces of metal directly face each other.

Calibrate To check irregularities in measuring instruments.

Cant panel The curved section of the roof top running between the comparatively flat top and the rain
drip or gutter.

Cantrail The longitudinal framing of the roof at the joint.

Carbon dioxide A heavy colourless and incombustible gas which results from the perfect combustion
of carbon.

Carbon fibre An extremely strong, though expensive, reinforcement which can be used in conjunction
with fibreglass. It gives increased rigidity to the laminate.

Carbonizing flame An oxy-acetylene flame adjustment created by an excess of acetylene over oxygen,
resulting in an excess of carbon in the flame.

Case hardening This is the process of hardening the outer case or shell articles, which is accomplished
by inducing additional carbon into the case of the steel by a variety of methods.

Catalyst A chemical substance which brings about a chemical change to produce a different substance.

Catalyst dispenser A purpose-designed container for measuring and dispensing liquid catalyst without
splashing.

Centre pillar The centre vertical support of a four-door saloon.

Chassis The base frame of a motor vehicle of composite construction to which the body is attached.

Check value A safety device that controls the passage of gas or air in one direction, in order to prevent
the reversal of gas flow and a consequent accident.

Chemical reaction The resulting change when two or more chemical substances are mixed.

Chopped strand mat Chopped strands bonded into a mat to produce a popular economical general-
purpose reinforcement.

Chopped strands As the name suggests, glass fibre strands chopped into short (about 12 mm) lengths.
They can be used as fillers. Useful for bodywork repairs.

Circuit The path along which electricity flows. When the path is continuous, the circuit is closed and
the current flows. When the path is broken, the circuit is open and no current flows.

Cold curing Generic term for materials which harden at room temperatures, after the addition of
catalyst.

Collapsible steering column A safety feature in the form of an energy-absorbing steering column
designed to collapse on impact.

Compartment shelf panel The horizontal panel situated between the rear seat back and the back win-
dow.

Compression ratio (CR) This is the ratio between the volume of the gas above the piston when it is at
BDC compared to that at TDC.

Compressive strength The ability of a material to withstand being crushed. It is found by testing a
sample to failure: the load applied, divided by the cross section of the sample, gives the compressive
strength.
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Condensation A change of state from a gas to a liquid caused by temperature or pressure changes. It
may also be formed by moisture from the air being deposited on a cool surface.

Conductor Any material or substance that allows current or heat to flow through it.

Copper acetylide A spontaneously explosive and inflammable substance which forms when acetylene
is passed through a copper tube.

Corrosion The wearing away or gradual destruction of a substance, e.g. rusting of metal.

Curing The change of a binder from soluble fusible state to insoluble infusible state by chemical
action.

Curing time The time needed for liquid resin to reach a solid state after the catalyst has been added.

Cutting tip A torch especially adapted for cutting.

Cylinder Steel containers used for storage of compressed gases.

Dash panel A panel attached to the front bulkhead assembly and which provides a mounting for all
instruments necessary to check the performance of the vehicle.

Deposited metal Filler metal from a welding rod or electrode which has been melted by a welding
process and applied in the form of a joint or built up.

Diagnosis The determination, by examination, of the cause of a problem.

Dinging Straightening damaged metal with spoons, hammers or dollies. In the early days the dingman
was the tradesman who worked on completed bodies to remove minor imperfections without injury to
the high gloss lacquer or varnish.

Dinging hammer A special hammer used for dinging or removal of dents.

Direct damage Primary damage which results from an impact on the area in actual contact with the
object causing the damage.

Dolly block A hand tool, made from special steel, shaped to suit the contour of various panel assem-
blies and used in conjunction with a planishing hammer to smooth out damaged panel surfaces.

Door skins Outside door panels.

Door trim The interior lining of a door.

D-post The rear standing pillar providing a shut face for the rear door and forming the rear quarter
panel area.

Drip moulding A roof trough to direct water from door openings.

Electrode The usual term for the filler rod which is deposited when using the electric arc welding
process.

Electrolyte A substance which dissolves in water to give a solution capable of conducting an electric
current.

Epoxy Based on an epoxy resin which is mixed with a hardener.

Evaporation A change of state from solid or liquid into vapour.

Expansion The increase in the dimensions of metals due to heat.

Extrude To draw into lengths.

Fender American term for wing.

Filler Inorganic types used to extend low-pressure resins, usually polyesters.

Filler metal Metal added to a weld in the form of a rod, electrode or coil.

Fillet weld A weld in which two surfaces at right angles to one another are welded together.

Firewall Panel dividing engine compartment from interior of body.

Flange A reinforcement on the edge of a panel formed at approximately right angles to the panel.

Flashback Occurs when the flame disappears from the end of the welding tip and the gases burn in the
torch.

Flat A panel is said to be flat when insufficient shaping has caused uneven contours and so flat areas
are obvious.

Floor pan Main floor of the passenger compartment of an underbody assembly.

Flux A chemical material or gas used to dissolve and prevent the formation of surface oxides when sol-
dering, brazing or welding.
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Foams (flexible) A resin which is often used for cushioning in the automobile industries. These foams
are usually urethanes.

Foams (rigid) A resin with a higher modulus than the flexible foams. These are also normally ure-
thanes and are used in more structural applications such as cores in sandwich constructions.

Force Mass is to do with the number of atoms or molecules in a material.

Four-door Denotes the type of saloon body having four doors.

Frame gauges Self-centring alignment gauges which are hung from a car’s underbody.

Friction Pressing the brake pads against the discs causes friction which converts the dynamic energy of
the moving vehicle into heat energy.

Friction The resistance to motion that a body meets when moving over another.

Fusion welding A process in which metals are welded together by bringing them to the molten state at
the surface to be joined, with or without the addition of filler metal, and without the application of
mechanical pressure or blows.

Gas welding A fusion welding process which uses a gas flame to provide the welding heat.

Gel Resin takes on a gel-like consistency (gels) usually within 10-15 minutes of being catalyzed. At
this point it is impossible to spray, paint or pour. Stored resin which has passed its shelf life may gel
without being catalyzed.

Gelcoat A thixotropic resin normally used without reinforcement and applied first to the mould. It
forms the smooth shiny surface of the finished article.

Glass fibre Glass filaments drawn together into fibres and treated for use as reinforcement.

Hardener A chemical curing or hardening agent.

Hardening Heating to a critical temperature followed by a relatively rapid rate of cooling.

Headlining The cloth or other material used to cover the inner surface of the car roof.

Heat and temperature Temperature is the hotness or coldness of a body measured in degrees centigrade
(C, also called Celsius) or absolute temperature in Kelvin (K). Heat is energy measured in joules (J).

Heelboard The vertical board or panel under the rear seat which forms the support for the seat cushion.

Hinge pillar A pillar on which a door is swung.

Hood American term for bonnet.

Hydraulic pressure Pressure transmitted by a liquid.

Hydraulics The use of pressurized liquid to transfer force.

Impregnated The particles of one substance infused into that of another.

Independent front suspension Suspension system in which each wheel is independently supported by
a spring.

Indirect damage Secondary damage found in the area surrounding the damage which caused it.

Inertia Inertia is the resistance of a body to stop doing whatever it is doing.

Inertia Property of an object by which it continues in its existing state of rest or motion in a straight
line, unless that state is changed by an external force.

Insulation A material which is non-conductive of either heat or electricity.

Integral A necessary part to complete a whole unit.

Interchangeability The ability to substitute one part for another.

Kerb weight The weight of an empty vehicle without passengers and luggage.

Kevlar A synthetic aramid fibre used as a reinforcement for resins. It is noted for its high impact resist-
ance and is used in racing car bodywork.

Kinetic energy The energy of motion.

Laminates A material composed of a number of layers.

Lap joint A form of joint obtained by overlapping the edges of two pieces of metal. The overlapping
parts must be in the sample plane.

Latex A natural rubber used for making flexible moulds. It is a liquid which solidifies in contact with
air.

Lay-up Layers of glass fibres are laid on top of wet resin and then pressed down into the liquid resin.
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Leftward welding This is known as forehand welding.

Levers Levers are used to increase the force exerted by pivoting about a point.

Mass production Large-scale, high-speed manufacture.

Metal fatigue A metal structural failure, resulting from excessive or repeated stress, finally resulting in
a crack.

Molecule A minute particle into which a substance can be divided and retain its properties.

Monomer A simple molecule capable of combining with itself, or a compatible similar chemical, to
form a chain (polymer).

Moulding The resulting shape of a plastics material when it is removed from its mould.

Mould release A substance used to coat the mould to prevent sticking of the resin that will be used to
make a part. It facilitates the removal of that part from the mould.

Near side The left-hand side of the vehicle as viewed from the driver’s seat.

Neutral flame A balanced flame, indicating perfect combustion of both oxygen and acetylene gases.

Non-ferrous metals Metals which do not contain any ferrite or iron.

Normalizing Heating to a high temperature to produce a refinement of the grain structure of a metal or
alloy.

Off side The right-hand side of a vehicle as viewed from the driver’s seat.

Original finish The paint applied at the factory by the vehicle manufacturer.

Oxidation Chemical reaction between oxygen and some other element resulting in oxides.

Oxidizing flame A gas welding flame which has an excess of oxygen when burning.

Paddle A wooden tool shaped for spreading body solder.

Parent metal The material of a part to be welded.

Pascal’s law Pascal discovered that the pressure in a body is equal in all directions.

Penetration Depth of fusion or weld penetration.

Pickle To soak metal in an acid solution in order to free the surface of rust or scale.

Pillar A vertical support of a body frame.

Pillar face The front of a pillar visible when the door is opened.

Pinch weld Two metal flanges butted together and spot welded along the join of the flat surfaces.

Polyurethane A versatile material used for adhesives, paints, varnishes, resins and foam materials.
These are often used ion conjunction with polyester-based GRP.

Porosity The presence of gas pockets or inclusions within a weld.

Power Power is usually expressed in horse power (HP), that is, the number of horses which would be
needed to do the equivalent amount of work in the same time.

Pressure The amount force per unit area

Prototype An original model.

Puddle The small body of molten metal created by the flame of a welding torch.

Quarter light The window directly above the quarter panel.

Quarter panel The side panel extending from the door to the rear end of the body (including rear
wing).

Reinforcement Filler material added to plastics (resin) in order to strengthen the finished product.

Relative density (RD) Relative density is the relationship which other materials have with this.

Resin Resins occur in nature as organic compounds, insoluble in water, e.g. amber, shellac. Synthetic
resins have similar properties and are normally converted to solids by ploymerization.

Return sweep A reverse curve.

Saloon An enclosed body not having a partition between the front and rear seats.

Scuttle panel The panel between the bonnet and windscreen.

Self-tapping screw A screw that cuts its own threads into a predrilled hole.

Silicone rubbers Used, amongst other applications, for sealants and flexible mould compounds. They
are usually cold curing.

Solvent A chemical fluid which will dissolve, dilute or liquefy another material.
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Specifications Information provided by the manufacturer on vehicle data in the form of dimensions.

Squab The rear seat back construction.

Stream lining The shaping of a vehicle body to minimize air resistance.

Subframe Members to which the engine and front-end assembly are attached.

Swage A raised form of moulding pressed into a piece of metal in order to stiffen it.

Swage line A design line on a vehicle body, caused by a crease or step in a panel.

Sweating Uniting two or more metal surfaces by the use of heat and soft solder.

Synthetic A substance produced artificially.

Temperature The measurement, in degrees, of the intensity of heat.

Template A form or pattern made so that other parts can be formed to exactly the same shape.

Tensile strength The resistance to breaking which metal offers when subject to a pulling stress.

Thermoplastic Plastic which can be softened by heating, and which still retains its properties after it
has been cooled and hardened. Typical thermoplastics are polythene and PVC.

Thermosetting Plastic which hardens by non-reversible chemical reaction, initiated by heat and/or cur-
ing agents. Once hardened, it cannot be melted down without being destroyed.

Thixotropic Generally used to describe substances which have a very high viscosity when stable, but
low viscosity when stirred or brushed. ‘Non-drip’ paint is an obvious example; another is gelcoat resin.

Torque Torque is the turning moment about a point expressed in newton-metres (Nm).

Tunnel A raised floor panel section for drivershaft clearance.

Turret American term for roof.

Weld bead One single run of an electrode welding rod in manual metal arc welding.

Weld deposit Metal which has been added to a joint by one of the welding processes.

Wheel alignment The adjustment of a vehicle’s wheels so that they are positioned to drive correctly.

Wheel arch Panel forming inner housing for rear wheels.

Wheelbase The distance between the centre lines of the front and rear wheels of a vehicle.
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ABS
ABS
AF
o
AC

A
AFFF

bar
BATNEEC
BS

BSI

BCF

CcO
Co,
C

cm
CAD
CAE
CAM
CIM
COSHH
cm?
in3

deg. or °
DTI

dia.

DC

dB

ECU
EPA
EC

ft
ft/min

acrylonitrile butadiene styrene

anti-lock braking system

across flats (bolt size)

aerodynamic drag coefficient

alternating current

ampere

aqueous film forming foam (fire fighting)

106 dyn/cm?; 10° N/m?2; 0.98682 atm; 14.505 psi
best available techniques not enabling excessive costs
British Standard

British Standards Institution
bromochlorodifluoromethane (fire extinguishers)

carbon monoxide

carbon dioxide

Centigrade (Celsius)

centimetre

computer-aided design
computer-aided engineering
computer-aided manufacturing
computer-integrated manufacturing
Control of Substances Hazardous to Health (Regulations)
cubic centimetres

cubic inches

degree (angle or temperature)
dial test indicator

diameter

direct current

decibel

Electronic control unit
Environmental Protection Act
European Community

Fahrenheit
foot
feet per minute
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gal gallon (imperial)

GLS general lighting service (lamp)
GRP glass fibre reinforced plastic

g gram (mass)

HASAWA  Health and Safety at Work Act

HSE Health and Safety Executive

HT high tension (electrical)

HVLP high velocity low pressure (spray guns)

in inch

IFS independent front suspension

IR infrared

ID internal diameter

IED Institution of Engineering Designers

IMI Institute of the Motor Industry

ISO International Organization for Standardization

kg Kilogram (mass)

kW kilowatt

LH left-hand

LHD left-hand drive

LHThd left-hand thread

1 litre

LT Low tension

lumen light energy radiated per second per unit solid angle by a uniform point source of | candela
intensity

lux unit of illumination equal to 1 lumen/m?

max. maximum

MAG metal active gas (welding)

MIG metal inert gas (welding)

m metre

mm millimetre

min. minimum

- minus (of tolerance)
minute (of angle)

(—) negative (electrical)

Nm newton metre

dB(A) noise level at the ear

Lepa noise exposure level, personal (daily)
Lep,w noise exposure level, personal (weekly)
no. Number

ozf ounce (force)

oz ounce (mass)

OD outside diameter
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part no. part number

% percentage

PPE Personal Protection Equipment (Regulations)
pt pint (imperial)

+ plus (tolerance)

+ plus or minus

PVA polyvinyl acetate

PVC polyvinyl chloride

+ positive (electrical)

Ibf pound force

Ib pound (mass)

Ibf ft pound force foot (torque)
1bf/in? pound force per square inch
r radius

ref. reference

rev/min revolutions per minute

RH right-hand

RHD right-hand drive

" second (angle)

SAE Society of Automobile Engineers
cm? square centimetres

in2 square inches

std standard

TIG tungsten inert gas (welding)
VIN vehicle identification number
VOCs volatile organic compounds

A\ volt
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The history,
development and
construction of the
car body

1.1 Development of the motor car body

1.1.1 Brief history

The first motor car bodies and chassis frames, made
between 1896 and 1910, were similar in design to
horse-drawn carriages and, like the carriages, were
made almost entirely of wood.

The frames were generally made from heavy ash,
and the joints were reinforced by wrought iron brack-
ets which were individually fitted. The panels were
either cedar or Honduras mahogany about 9.5 mm
thick, glued, pinned or screwed to the framework.
The tops, on cars which had them, were of rubber-
ized canvas or other fabrics. Some bodies were built
with closed cabs, and the tops were held in place by
strips of wood bent to form a solid frame. About
1921 the Weymann construction was introduced, in
which the floor structure carried all the weight of the
seating, and the body shell, which was of very light
construction, was attached to the floor unit. Each
joint in the shell and between the shell and the floor
was made by a pair of steel plates, one on each side
of the joint and bolted through both pieces of timber,
leaving a slight gap between the two pieces. The
panelling was of fabric, first canvas, then a layer of
wadding calico and finally a covering of leather
cloth. This form of construction allowed flexibility in
the framing and made a very light and quiet body
frame, but the outer covering had a very short life.

As the demand for vehicles increased it became
necessary to find a quicker method of production.

Up to that time steel had been shaped by hand, but
it was known that metal in large sheets could
be shaped using simple die tools in presses, and
machine presses were introduced to the steel indus-
try to form steel sheets into body panels. Initially the
sheets were not formed into complex shapes or
contours, and the first bodies were very square and
angular with few curves. The frame and inner con-
struction was still for the most part made of wood,
as shown in Figure 1.1. About 1923 the first
attempts were made to build all-steel bodies, but
these were not satisfactory as the design principles
used were similar to those which had been adopted
for the timber-framed body. The real beginning of
the all-steel body shell came in 1927, when presses
became capable of producing a greater number of
panels and in more complex shapes; this was the
dawn of the mass production era. During the 1930s
most of the large companies who manufactured
motor vehicles adopted the use of metal for the
complete construction of the body shell, and motor
cars began to be produced in even greater quantities.

Owing to the ever-increasing demand for private
transport, competition increased between rival
firms, and in consequence their body engineers
began to incorporate features which added to the
comfort of the driver and passenger. This brought
about the development of the closed cars or
saloons as we know them today. The gradual
development of the shape of the motor car body
can be clearly seen in Figure 1.2, which shows a



2 Repair of Vehicle Bodies

Figure 1.1 Timber constructed bodies: (a) De Dion
Works body shop, Finchley, ¢. 1923 (b) Gordon
England Ltd, 1922 (National Motor Museum, Beaulieu)

selection of Austin vehicles from 1909 to 1992.
That is, from Edwardian to modern times.

The inner construction of the head roof of these
saloons was concealed by a headlining. Up to and
including the immediate post-war years, this head-
lining was made from a woollen fabric stitched
together and tacked into position on wooden
frames. However, the more recently developed
plastic and vinyl materials were found to be more
suitable than fabric, being cheaper and easier to
clean and fit. They are fitted by stretching over
self-tensioning frames which are clipped into posi-
tion for easy removal, or alternatively the headlin-
ing is fastened into position with adhesives.

Comfort improved tremendously with the use of
latex foam rubber together with coil springs in the
seating, instead of the original plain springing. The
general interior finish has also been improved by
the introduction of door trim pads, fully trimmed

dash panels and a floor covering of either remov-
able rubber or carpeting.

Then came the general use of celluloid for win-
dows instead of side curtains, and next a raising
and lowering mechanism for the windows.
Nowadays the windscreen and door glasses are
made of laminated and/or toughened safety glass.
The window mechanism in use today did not
begin to develop until well into the 1920s.

Mudguards, which began as wooden or leather
protections against splattered mud, grew into wide
splayed deflectors in the early part of the twentieth
century and then gradually receded into the body
work, becoming gracefully moulded into the
streamlining of the modern motor car and taking
the name of wings. Carriage steps retained on ear-
lier models gave place to running boards which in
their turn disappeared altogether.

Steering between 1890 and 1906 was operated
by a tiller (Figure 1.3). This was followed by the
steering wheel which is in current use. The posi-
tion of the gear lever made an early change from
the floor to the steering column, only to return to
some convenient place on the floor.

Some of the first vehicles, or horseless carriages
as they were known, carried no lights at all; then
carriage candle lamps made their appearance. Later
came oil lamps, acetylene lamps and finally the
electric lighting system, first fitted as a luxury
extra and ultimately becoming standard and finally
obligatory equipment which must conform with
legislation of the day.

When windscreens were first introduced such
accessories as windscreen wipers and washers were
unknown. Then came the single hand-operated
wiper, followed by the suction wiper and finally
electrically driven wipers.

The design of the wheels was at first dictated by
fashion. It was considered necessary for the rear
wheels to be larger than the front, a legacy from the
elegant horse-drawn carriages. Wooden spokes and
iron tyres were the first wheels to appear, and with
both rear and front wheels of the same dimensions.
Then came the wooden-spoked artillery wheel with
pneumatic tyre (Figure 1.4). The artillery wheel
gave way to the wire-spoked wheel, and this in
turn to the modern disc wheel with tubeless tyres.

Great strides have been made in the evolution
of the motor car since 1770, when Cugnot’s steam
wagon travelled at 3 mile/h (4.8 km/h), to the modern
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1946 Austin 16

Figure 1.2 Development of the Austin car body 1909 to 1992, from Edwardian to modern construction methods
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1960 Austin Mini
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1963 Austin 1100

1964 Austin 1800

1970 Austin Maxi 1800

1973 Austin Allegro

Figure 1.2 (continued)
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1983 Austin Maestro
Figure 1.2 (continued)
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1984 Austin Montego
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1986 Austin Rover 200
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1989 Mini Flame

Figure 1.2 (continued)
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1992 MG RV8

Figure 1.2 (continued)

vehicle which can carry driver and passengers in
silence, comfort and safety at speeds which at one
time were thought to be beyond human endurance;
indeed, special vehicles on prepared tracks are now
approaching the speed of sound.

It must be borne in mind that the speed of the vehi-
cle is governed by (a) the type of power unit, (b) its
stability and manoeuvring capabilities and (c) its
shape, which is perhaps at present one of the most
important features in high-speed travel. Whatever the

Figure 1.3 First Vauxhall, tiller operated, 1903
(Vauxhall Motors Ltd)

mechanical future of the car, we may rest assured
that the shape of the motor car body will continue to
change as technical progress is made (Figure 1.5).

1.1.2 Highlights of motor vehicle history

The idea of a self-propelled vehicle occurs in
Homer’s Iliad. Vulcan, the blacksmith of the gods,
in one day made 20 tricycles which ‘self-moved
obedient to the beck of the gods’. The landmarks in
more modern motor vehicle history are as follows:
1688 Ferdinand Verbiest, missionary in China,
made a model steam carriage using the
steam turbine principle.

Jacques de Vaucansen showed a clockwork
carriage in Paris.

Watt developed the steam engine.

Nicholas Joseph Cugnot, a French artillery
officer, built a steam wagon which carried
four people at a speed of 2.25 mile/h. It
overturned in the streets of Paris and
Cugnot was thrown into prison for endan-
gering the populace.

Richard Trevithick built a steam carriage
and drove it in Cornwall.

Sir Charles Dance ran a steam coach (built
by Sir Goldsworthy Gurney) on a regular

1740

1765
1765

1803

1831
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Figure 1.4 1905 and 1909 Vauxhalls with wooden spoked artillery wheels with pneumatic tyres
(Vauxhall Motors Ltd)

service from Gloucester to Cheltenham.
Sometimes they did four round trips a day,
doing 9 miles in 45 minutes. The steam
coaches were driven off the road by the
vested interests of the stage coach compa-
nies, who increased toll charges and piled
heaps of stones in the roads along which
the steam coaches passed. This, combined
with the problems of boilers bursting and
mechanical breakdowns and the advent of
the railways, contributed to the withdrawal
of the steam coaches.

1859 Oil was discovered in USA.

Figure 1.5 Twin concept car with interchangeable 1865 The Locomotive Act of 1865 (the Red Flag

engines (petrol/electric motor drive module) Act) was pushed through by the railway and

(Vauxhall Motors Ltd) coach owners. One of the stipulations was
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1885

1886

1890

1892

1895

1896

1897

1899
1900

1901

1902

1903

1904

that at least three people must be employed
to conduct the locomotive through the
streets, one of whom had to walk 60 yards
in front carrying a red flag. Speeds were
restricted to 2—4 mile/h. This legislation held
back the development of the motor vehicle in
Great Britain for 31 years, allowing the con-
tinental countries to take the lead in this field.
Karl Benz produced his first car. This is
recognized as being the first car with an
internal combustion engine as we know it.
Gottlieb Daimler also produced a car.
Panhard and Levasser began making cars in
France.

Charles and Frank Duryea built the first
American petrol-driven car, although steam
cars had been in use long before this.

First motor race in Paris.

First Automobile Club formed in Paris.

The repeal of the Red Flag Act. This is
commemorated by the London to Brighton
veteran car run. The speed limit was raised to
12 mile/h and remained at that until 1903,
when the 20 mile/h limit in built-up areas
was introduced. There was much persecution
of motorists by police at this time, which led
to the formation of the RAC and the AA.

The RAC was formed, largely through the
efforts of F. R. Simms, who also founded
the SMMT in 1902.

Jenatzy set world speed record of 66 mile/h.
Steering wheel replaces tiller.

Frederick Lanchester produced his first car,
a 10 hp model. He had built an experimental
phaeton in 1895.

Front-mounted engine.

Mercedes car produced.

Running board.

Serpollet did a speed of 74 km/h in a steamcar.
Pressed steel frames.

First windshield.

The Motor Car Act resulted in considerable
persecution of the motorist for speeding,
number plates and lights, so much so that
the motoring organizations paid cyclists to
find police speed traps.

Folding windshield.

Closed saloon-type body.

A petrol car reached 100 mile/h and, in the
same year, a Stanley steam car achieved a

speed of 127 mile/h. Stanley steam cars
used paraffin in a multitube boiler and had a
chassis made from hickory.

Rolls-Royce exhibited their first car in Paris.
The motoring press were impressed with its
reliability.

Veteran cars are cars up to and including
this year.

1.1.3 Terms used to describe early
vehicle body styles

In the history of the motor car there has been some
ambiguity in the names used to describe various
types of body styles, built by coach builders from
different countries. The following terms relate to
the vehicles produced during the period 1895 to
1915, and show the derivation of the terminology
used to describe the modern vehicle.

Berlina Rarely used before the First World War.
A closed luxury car with small windows which
allowed the occupants to see without being seen.
Cab A term taken directly from the days of the
horse-drawn carriages. Used to describe an enclosed
vehicle which carried two passengers, while the
driver was situated in front of this compartment and
unprotected.

Cabriolet Used towards the end of the period.
Describes a car with a collapsible hood and seating
two or four people.

Coupé A vehicle divided by a fixed or movable
glass partition, behind the front seat. The driver’s
position was only partially protected by the roof
whilst the rear compartment was totally enclosed
and very luxurious.

Coupé cabriolet or double cabriolet A long vehicle
having the front part designed as a coupé and the rear
part designed as a cabriolet. There were often two
supplementary seats.

Coupé chauffeur A coupé with the driving position
completely covered by an extension of the rear roof.
Coupé de ville A coupé having the driving position
completely open.

Coupé limousine A vehicle having a totally
enclosed rear compartment and the front driving
position closed on the sides only.

Double Berlina A longer version of the Berlina
but having the driving position separated from the
rear part of the vehicle.
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Double landaulet A longer version of the lan-
daulet. It had two permanent seats plus two occa-
sional seats in the rear and a driving position in front.
Double phaeton A phaeton which had two double
seats including the driver’s seat.

Double tunneau A longer version of the tonneau
in which the front seats were completely separated
from the rear seats.

Landau A cabriolet limousine having only the
roof behind the rear windows collapsible.
Landaulet or landaulette A small landau hav-
ing only two seats in the closed collapsible roof
portion.

Limousine A longer version of the coupé with
double side windows in the rear compartment.
Limousine chauffeur A limousine with an extended
rear roof to cover the driving position.

Phaeton A term from the days of the horse-drawn
carriage. In early motoring it was used to describe
a lightweight car with large spoked wheels, one
double seat and usually a hood.

Runabout An open sporting type of vehicle with
simple bodywork and two seats only.

Tonneau An open vehicle having a front bench
seat and a semicircular rear seat which was built
into the rear doors.

Glass saloon A large closed vehicle similar to a
double Berlina but with enlarged windows.

Saloon A vehicle having the driving seat inside
the enclosed car but not separated from the rear
seat by a partition.

Torpedo A long sports vehicle having its hood
attached to the windscreen.

Victoria Another term derived from the era of
horses. The Victoria was a long, luxurious vehicle
with a separate driving position and a large rear
seat. It was equipped with hoods and side screens.
Wagon saloon A particularly luxurious saloon
used for official purposes.

1.1.4 Vehicle classification

There are many ways in which motor vehicles may
be classified into convenient groups for recognition.
Much depends on such factors as the manufacturer,
the make of the car, the series and the body type
or style. Distinctive groups of passenger vehicle
bodies include the following:

1 Small-bodied mass-produced vehicles
2 Medium-bodied mass-produced vehicles

3 Large-bodied mass-produced vehicles

4 Modified mass-produced bodywork to give a
standard production model a more distinctive
appearance

5 Specially built vehicles using the major compo-
nents of mass-produced models

6 High-quality coach-built limousines (hand made)

7 Sports and GT bodywork (mass-produced)

8 Specially coach-built sports cars (hand made).

Styling forms include the following:

Saloon The most popular style for passenger
vehicles is the two-door or four-door saloon. It has
a fully enclosed, fixed-roof body for four or more
people. This body style also has a separate luggage
or boot compartment (Figure 1.6a).

Hatchback This body style is identified by its
characteristics sloping rear tailgate, which is classed
as one of the three or five doors. With the rear seats
down there is no division between the passenger and
luggage compartments and this increases the luggage
carrying capacity of the vehicle (Figure 1.6b).

Estate This type of vehicle is styled so that the
roof extends to the rear to give more luggage
space, especially when the rear seats are lowered
(Figure 1.6¢).

Sports coupé and coupé A sports coupé is a
two-seater sports car with a fixed roof and a high-
performance engine. A coupé is a two-door, fixed-
roof, high-performance vehicle with similar styling
but with two extra seats at the rear, and is some-
times referred to as a ‘2-plus-2’ (Figure 1.6d).
Convertible or cabriolet This can have either two
or four doors. It has a soft-top folding roof (hood)
and wind-up windows, together with fully enclosed
or open bodywork (Figure 1.6¢e).

Sports  This is a two-seater vehicle with a high-
performance engine and a folding or removable
roof (hood) (Figure 1.6f).

Limousine This vehicle is characterized by its
extended length, a high roofline to allow better
headroom for seating five passengers comfortably
behind the driver, a high-quality finish and luxuri-
ous interiors (Figure 1.6g).

1.1.5 The evolution of design

When the first motor cars appeared, little atten-
tion was paid to their appearance; it was enough
that they ran. Consequently the cars initially sold
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Figure 1.6 (c) estate (d) coupé (e) convertible
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Figure 1.6 (f) sports (g) limousine

to the public mostly resembled horse-drawn car-
riages with engines added. Henry Ford launched
his Model T in 1908, and it sold on its low price
and utility rather than its looks. However, the
body design of this car had to be changed over
its 19 year production span to reflect changes in
customer taste.

The 1930s saw greater emphasis on stream-
lining design. Manufacturers began to use wind
tunnels to eliminate unnecessary drag-inducing
projections from their cars. One of the dominant
styling features of the 1950s and 1960s was the
tail fin, inspired by the twin tail fins of the
wartime Lockhead Lightning fighter aircraft.
Eventually a reaction set in against such excesses
and the trend returned to more streamlined
styling.

In creating cars for today’s highly competitive
car market, designers have to do far more than just
achieve a pleasing shape. National legal require-
ments determine the positions of lamps, direction
indicators and other safety-related items, while
the buying market has become much more sophisti-
cated than before. Fuel economy, comfort, function
and versatility are now extremely important.

1.2 Creation of a new design from
concept to realization

The planning, design, engineering and develop-
ment of a new motor car is an extremely complex
process. With approximately 15 000 separate parts,
the car is the most complicated piece of equipment
built using mass production methods.
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Every major design project has its own design
team led by a design manager, and they stay with
the project throughout. The size of the team varies
according to the progress and status of the project.
The skill and judgement of the trained and experi-
enced automotive designer is vital to the creation of
any design concept.

To assist in the speed and accuracy of the ensu-
ing stages of the design process (the implementa-
tion), some of the most advanced computer-assisted
design equipment is used by the large vehicle
manufacturers. For example, computer-controlled
measuring bridges that can automatically scan
model surfaces, or machines that can mill surfaces,
are linked to a computer centre through a highly
sophisticated satellite communication network.
The key terms in computer equipment are as
follows:

Computer-aided design (CAD) Computer-assisted
design work, basically using graphics.
Computer-aided engineering (CAE) All computer-
aided activities with respect to technical data pro-
cessing, from idea to preparation for production,
integrated in an optimum way.

Computer-aided  manufacturing (CAM) Pre-
paration of production and analysis of production
processes.

Computer-integrated manufacturing (CIM) All
computer-aided activities from idea to serial
production.

The use of CAE is growing in the automotive indus-
try and will probably result in further widespread
changes. Historically, the aerospace industry was the
leader in CAE development. The three major motor
companies of GM, Ford and Chrysler started their
CAE activities as soon as computers became readily
available in the early 1960s. The larger automotive
companies in Europe started CAE activities in the
early 1970s — about the same time as the Japanese
companies.

Each new project starts with a series of detailed
paper studies, aimed at identifying the most com-
petitive and innovative product in whichever part
of the market is under review. Original research
into systems and concepts is then balanced against
careful analysis of operating characteristics, features
performance and economy targets, the projected

cost of ownership and essential dimensional
requirements. Research into competitors’ vehicles,
market research to judge tastes in future years, and
possible changes in legislation are all factors that
have to be taken into account by the product
planners when determining the specification of a
new vehicle.

The various stages of the design process are as
follows:

Vehicle styling, ergonomics and safety
Production of scale and full-size models
Engine performance and testing

Wind tunnel testing

Prototype production

Prototype testing

Body engineering for production

~N O\ BA W=

1.2.1 Vehicle styling

Styling

Styling has existed from early times. However, the
terms ‘stylist’ and ‘styling’ originally came into
common usage in the automotive industry during
the first part of the twentieth century.

The automotive stylist needs to be a combination
of artist, inventor, craftsman and engineer, with the
ability to conceive new and imaginative ideas and
to bring these ideas to economic reality by using
up-to-date techniques and facilities. He must have
a complete understanding of the vehicle and its
functions, and a thorough knowledge of the materi-
als available, the costs involved, the capabilities of
the production machinery, the sources of supply
and the directions of worldwide changes. His
responsibilities include the conception, detail,
design and development of all new products, both
visual and mechanical. This includes the exterior
form, all applied facias, the complete interior, con-
trols, instrumentation, seating, and the colours and
textures of everything visible outside and inside
the vehicle.

Styling departments vary enormously in size
and facilities, ranging from the individual con-
sultant stylist to the comprehensive resources of
major American motor corporations like General
Motors, who have more than 2000 staff in their
styling department at Detroit. The individual
consultant designer usually provides designs for
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organizations which are too small to employ full-
time stylists. Some act as an additional brain for
organizations who want to inject new ideas into
their own production. Among the famous design-
ers are the Italians Pininfarina (Lancia, Ferrari,
Alfa), Bertone (Lamborghini), Ghia (Ford) and
Issigonis (Mini).

The work of the modern car stylist is governed
by the compromise between his creativity and the
world of production engineering. Every specifica-
tion, vehicle type, payload, overall dimensions,
engine power and vehicle image inspire the stylist
and the design proposals he will make. Initially he
makes freehand sketches of all the fundamental
components placed in their correct positions. If the
drawing does not reduce the potential of the origi-
nal ideas, he then produces more comprehensive
sketches of this design, using colours to indicate
more clearly to the senior executives the initial
thinking of the design (Figure 1.7). Usually the
highly successful classic designs are the work
of one outstanding individual stylist rather than of
a team.

The main aim of the designer is to improve pas-
senger comfort and protection, vision, heating and
ventilation. The styling team may consider the
transverse engine as a means of reducing the space
occupied by the mechanical elements of the car.
Front-wheel drive eliminates the driveshaft and
tunnel and the occupants can sit more comfortably.
Certain minimum standards are laid down with

Figure 1.7 Style artist at work (Ford Motor
Company Ltd)

regard to seat widths, kneeroom and headroom.
The interior dimensions of the car are part of the
initial specifications and not subject to much modi-
fication. Every inch of space is considered in the
attempt to provide the maximum interior capacity
for the design. The final dimensions of the interior
and luggage space are shown in a drawing,
together with provision for the engine and remain-
ing mechanical assemblies.

Ergonomics

Ergonomics is a fundamental component of the
process of vehicle design. It is the consideration of
human factors in the efficient layout of controls in
the driver’s environment. In the design of instru-
ment panels, factors such as the driver’s reach
zones and his field of vision, together with inter-
national standards, all have to be considered.
Legal standards include material performance in
relation to energy absorption and deformation
under impact. The vision and reach zones are geo-
metrically defined, and allow for the elimination
of instrument reflections in the windshield.

Basic elements affecting the driver’s relationship
to the instrument panel controls, instruments, steer-
ing wheel, pedals, seats and other vital elements in
the car are positioned for initial evaluation using the
‘Manikin’, which is a two- and three-dimensional
measuring tool developed as a result of numerous
anthropometric surveys and representing the human
figure. Changes are recorded until the designer is
satisfied that an optimum layout has been achieved.

1.2.2 Safety

With regard to bodywork, the vehicle designer must
take into account the safety of the driver, passengers
and other road users. Although the vehicle cannot
be expected to withstand collision with obstacles
or other vehicles, much can be done to reduce the
effects of collision by the use of careful design of the
overall shape, the selection of suitable materials and
the design of the components. The chances of injury
can be reduced both outside and inside the vehicle by
avoiding sharp-edged, projecting elements.

Every car should be designed with the following
crash safety principles in mind:

1 The impact from a collision is absorbed gradu-
ally by controlled deformation of the outer
parts of the car body.
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2 The passenger area is kept intact as long as
possible.
3 The interior is designed to reduce the risk of
injury.
Safety-related vehicle laws cover design, perform-
ance levels and the associated testing procedures;
requirements for tests, inspections, documentation
and records for the process of approval; checks that
standards are being maintained during production;
the issue of safety-related documentation; and
many other requirements throughout the vehicle’s
service life.

Primary or active safety

This refers to the features designed into the vehicle
which reduce the possibility of an accident. These
include primary design elements such as dual-circuit
braking systems, anti-lock braking systems, high
aerodynamic stability and efficient bad-weather
equipment, together with features that make the dri-
ver’s environment safer, such as efficient through
ventilation, orthopaedic seating, improved all-round
vision, easy to read instruments and ergonomic
controls.

An anti-lock braking system (ABS) enhances a
driver’s ability to steer the vehicle during hard brak-
ing. Sensors monitor how fast the wheels are rotat-
ing and feed data continuously to a microprocessor
in the vehicle to signal that a wheel is approaching
lockup. The computer responds by sending a signal
to apply and release brake pressure as required. This
pumping action continues as long as the driver
maintains adequate force on the brake pedal and
impending wheel lock condition is sensed.

The stability and handling of the vehicle are
affected by the width of the track and the position
of the centre of gravity. Therefore the lower the
centre of gravity and the wider the track the more
stable is the vehicle.

Secondary or passive safety
If a crash does happen, secondary safety design
should protect the passengers by

1 Making sure that, in the event of an accident,
the occupants stay inside the car

2 Minimizing the magnitude and duration of the
deceleration to which they are subjected

3 Restraining the occupants so that they are not
injured by secondary impacts within the car,

and, if they do strike parts of the inside of the
vehicle, making sure that there is sufficient
padding to prevent serious injury

4 Designing the outside of the vehicle so that the
least possible injury is caused to pedestrians
and others who may come into contact with the
outside of the vehicle.

The primary concern is to develop efficient restraint
systems which are comfortable to wear and easy to
use. Manufacturers are now fitting automatic seatbelt
tensioners. These automatic ‘body lock’ front seat-
belt tensioners reduce the severity of head injuries by
20 per cent with similar gains in chest protection. In
impacts over 12 mile/h (20 km/h) the extra tension in
the seatbealt buckle triggers a sensor which tightens
the lap and diagonal belts in 22 milliseconds, that is
before the occupant even starts to move. In addition,
because it operates at low speeds, it covers a broad
spectrum of accident situations. Anti-submarining
ramps built into the front seats further aid safety by
reducing the possibility of occupants sliding under
the belt (Figure 1.8).

There are also engineering features such as
impact energy-absorbing steering columns, head
restraints, bumpers, anti-burst door locks, and self-
aligning steering wheels. Anti-burst door locks are
to prevent unrestrained occupants from falling out
of the vehicle, especially during roll-over. The
chances of survival are much reduced if the occu-
pant is thrown out. Broad padded steering wheels
are used to prevent head or chest damage.
Collapsible steering columns also prevent damage
to the chest and abdomen and are designed to

Figure 1.8 Automatic seatbelt tensioner
(Vauxhall Motors Ltd)
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prevent the steering column being pushed back
into the passenger compartment whilst the front
end is crumpling. The self-aligning steering wheel
is designed to distribute force more evenly if the
driver comes into contact with the steering wheel
during a crash. This steering wheel has an energy-
absorbing hub which incorporates six deformable
metal legs. In a crash, the wheel deforms at the hub
and the metal legs align the wheel parallel to the
chest of the driver to help spread the impact and
reduce chest, abdomen and facial injuries.

Body shells are now designed to withstand major
collision and rollover impacts while absorbing
shock by controlled deformation of structure in the
front and rear of the vehicle. Vehicle design and
accident prevention is based on the kinetic energy
relationship of damage to a vehicle during a
collision. Energy is absorbed by work done on the
vehicle’s materials by elastic deformation. This
indicates that, to be effective, bumpers and other
collision-absorbing parts of a vehicle should be
made of materials such as foam-filled plastics and
heavy rubber sections. Data indicates that long
energy-absorbing distances should be provided
in vehicle design, and the panel assemblies used
for this purpose should have a lower stiffness than
the central section or passenger compartment of
the vehicle. The crumple zones are designed to
help decelerate the car by absorbing the force of
collision at a controlled rate, thereby cushioning
the passengers and reducing the risk of injury
(Figure 1.9). The safety cage (or safety cell) is the
central section of the car body which acts as the
passenger compartment. To ensure passenger
safety, all body apertures around the passenger area

should be reinforced by box-type profiles; seats
should be secured rigidly to the floor; and heavy
interior padding should be used around the dash-
board areas. A strengthened roof construction,
together with an anti-roll bar, afford additional
protection in case of overturning (Figure 1.10).

To counteract side impact manufacturers are now
fitting, in both front and rear doors, lateral side sup-
ports in the form of twin high-strength steel tubular
beams, which are set 90 mm apart to reduce the risk
of the vehicle riding over the beams during side
collision. These beams absorb the kinetic energy
produced when the vehicle is struck from the side.
To further improve the body structure the BC-pillars
are being reinforced at the points of attachment to
the sill and roof, again giving more strength to the
safety cage and making it stronger and safer when
the vehicle is involved in collision (Figure 1.11a, b).

Visibility in design is the ability to see and be
seen. In poor visibility and after dark, light sources
must be relied upon. The lights on vehicles now
are much more efficient than on earlier models.
The old tungsten filament lamp has given way to
quartz-halogen lamps which provide much better
illumination. The quartz-halogen lamp is able to
produce a more powerful beam because the fila-
ment can be made hotter without shortening its
lifespan. Hazard, reversing and fog lights are now
fitted to most vehicles to improve safe driving.

In daylight, colour is probably the most import-
ant factor in enabling cars to be seen. If a vehicle is
coloured towards the red end of the spectrum, it can
be less obvious to other road users than a yellow
one, especially in sodium vapour street lights: a red
car absorbs yellow light from the street light and

Figure 1.9 Crumple zones (Volvo Concessionaires Ltd)
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Figure 1.10 Safety cage (Volvo Concessionaires Ltd)

reflects little, and so appears to be dark in colour,
whereas a yellow car reflects the yellow light and
appears more obvious. Silver vehicles will blend
into mist and fog and become difficult to see.

Blind spots can be diminished firstly by good
design of front pillars, making them slim and
strong, and secondly by reducing the area of rear
quarter sections. This elimination of blind spots is
now being achieved by using bigger windscreens

Safety cage protects the
occupants of the car

which wrap round the front A-post, and rear win-
dows which wrap round the rear quarter section,
giving a wider field of vision.

Many automotive manufacturers now believe that
a seatbelt/airbag combination provides the best
possible interior safety system. Airbags play an
important safety role in the USA since the wearing
of seatbelts is not compulsory in many of the states.
As competition to manufacture Europe’s safest car
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Improvements to a conventional uni-body.
Shaded areas indicate reinforcements

(b)

Figure 1.11 (a) Safety features included in the safety cage (Vauxhall Motors Ltd) (b) Reinforced BC-pillar and
anti-roll bar (Volvo Concessionaires Ltd)
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Figure 1.12 Driver’s airbag system (Du Pont (UK) Ltd)

increases, more manufacturers including those in
the UK are starting to fit airbags. These Eurobags,
or facebags as they are now called, since their main
function in Europe and the UK is to protect the face
rather than the entire body in the event of collision,
are less complex than their USA counterparts.

The first automotive airbags were made more
than 20 years ago using nylon-based woven fab-
rics, and these remain the preferred materials
among manufacturers. Nylon fabrics for airbags
are supplied in two basic designs depending on
whether the airbag is to protect the driver or the
front passenger. The driver’s airbag is housed in
the steering wheel and requires special attention
because of the confined space (Figure 1.12). The
passenger’s airbag system has a compartment door,
located in front of the passenger in the dash area,
which must open within 10 milliseconds and
deploy the airbag within 30 milliseconds. The vehi-
cle has a crash sensor which signals the airbags to
deploy on impact (Figure 1.13).

1.2.3 Production of models

Scale models
Once the initial designs have been accepted, scale
models are produced for wind tunnel testing to
determine the aerodynamic values of such a design.
These models are usually constructed of wood and
clay to allow for modifications to be made easily.
At the same time, design engineering personnel
construct models of alternative interiors so that
locations of instruments can be determined.

A % or % scale model is produced from the stylist’s
drawings to enable the stylist designer to evaluate the

Figure 1.13 Driver and front passenger airbag
systems in use (Du Pont (UK) Ltd)

three-dimensional aspect of the vehicle. These scale
models can look convincingly real (Figure 1.14).
The clay surfaces are covered with thin coloured
plastic sheet which closely resembles genuine painted
metal. Bumpers, door handles and trim strips are all
cleverly made-up dummies, and the windows are
made of Plexiglass. The scale models are examined
critically and tested. Changes to the design can be
made at this stage.

Full-size models

A full-size clay model is begun when the scale
model has been satisfactorily modified. It is con-
structed in a similar way to the scale model but uses
a metal, wood and plastic frame called a buck. The
clay is placed on to the framework by professional
model makers, who create the final outside shape of
the body to an accuracy of 0.375 mm. The high
standard of finish and detail results in an exact
replica of the future full-size vehicle (Figure 1.15).
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Figure 1.14 Scale model maker at work (Ford Motor Company Ltd)

This replica is then evaluated by the styling man-
agement and submitted to top management for their
approval. The accurate life-size model is used for
further wind tunnel testing and also to provide

measurements for the engineering and production
departments. A scanner, linked to a computer,
passes over the entire body and records each and
every dimension (Figure 1.16). These are stored

Figure 1.15 Full-size clay model
(Ford Motor Company Ltd)

Figure 1.16 Checking dimensional accuracy of the
full-size model (Ford Motor Company Ltd)
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Figure 1.17

Interior styling model
(Ford Motor Company Ltd)

and can be produced on an automatic drafting
machine. The same dimensions can also be pro-
jected on the screen of a graphics station; this is
a sophisticated computer-controlled video system
showing three-dimensional illustrations, allowing
design engineers either to smooth the lines or to
make detail alterations. The use of computers or
CAD allows more flexibility and saves a lot of
time compared with the more conventional drafting
systems.

At the same time as the exterior model is being
made, the interior model is also being produced
accurately in every detail (Figure 1.17). It shows
the seating arrangement, instrumentation, steering
wheel, control unit location and pedal arrange-
ments. Colours and fabrics are tried out on this
mock-up until the interior styling is complete and
ready for approval.

1.2.4 Engine performance and testing

Development engineers prepare to test an engine in
a computer-linked test cell to establish the optimum
settings for best performance, economy and emis-
sion levels. With the increasing emphasis on
performance with economy, computers are used to
obtain the best possible compromise. They are also
used to monitor and control prolonged engine test-
ing to establish reliability characteristics. If current
engines and transmissions are to be used for a new
model, a programme of refining and adapting for
the new installation has to be initiated. However, if
a completely new engine, transmission or driveline
configuration is to be adopted, development work
must be well in hand by this time.

1.2.5 Aerodynamics and wind tunnel
testing

Aerodynamics is an experimental science whose aim
is the study of the relative motions of a solid body
and the surrounding air. Its application to the design
of a car body constitutes one of the chief lines of the
search for energy economy in motor vehicles.

In order to move over flat ground, a car must
overcome two forces:

1 Resistance to tyre tread motion, which varies
with the coefficient of tyre friction over the
ground and with the vehicle’s mass.

2 Aerodynamic resistance, which depends on the
shape of the car, on its frontal area, on the den-
sity of the air and on the square of the speed.

One of the objects of aerodynamic research is to
reduce the latter: in other words to design a shape
that will, for identical performance, require lower
energy production. An aerodynamic or streamlined
body allows faster running for the same consump-
tion of energy, or lower consumption for the same
speed. Research for the ideal shape is done on
reduced-scale models of the vehicle. The models
are placed in a wind tunnel, an experimental instal-
lation producing wind of a certain quality and
fitted with the means for measuring the various
forces due to the action of the wind on the model
or the vehicle. Moreover, at a given cruising speed,
the more streamlined vehicle has more power left
available for acceleration: this is a safety factor.
The design of a motor car body must, however,
remain compatible with imperatives of production,
of overall measurements and of inside spaciousness.
It is also a matter of style, for the coachwork must
be attractive to the public. This makes it impossible
to apply the laws of aerodynamics literally. The evo-
Iution of the motor car nevertheless tends towards a
gradual reduction in aerodynamic resistance.

Aerodynamic drag

The force which opposes the forward movement
of an automobile is aerodynamic drag, in which
air rubs against the exterior vehicle surfaces and
forms disturbances about the body, thereby
retarding forward movement. Aerodynamic drag
increases with speed; thus if the speed of a vehi-
cle is doubled, the corresponding engine power
must be increased by eight times. Engineers
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express the magnitude of aerodynamic drag using
the drag coefficient C4. The coefficient expresses
the aerodynamic efficiency of the vehicle: the
smaller the value of the coefficient, the smaller
the aerodynamic drag.

Figure 1.18 illustrates the improvements in aero-
dynamic drag coefficient achieved by alterations to
the shape of vehicles. Over the years, the value of
C4 has been reduced roughly as follows:

1910 0.95 1960 0.40
1920 0.82 1970 0.36
1930 0.56 1980 0.30
1940 0.45 1990 0.22
1950 0.42 1993 0.20

During the wind tunnel test all four wheels of the
car rest on floating scales connected to a floor
balance, which has a concrete foundation below
the main floor area. The vehicle is then subjected
to an air stream of up to 112 mile/h; the sensitive
balances register the effect of the headwind on the
vehicle as it is either pressed down or lifted up
from the floor, pushed to the left or right, or rotated
about its longitudinal axis. The manner in which
the forces affect the vehicle body and the location
at which the forces are exerted depends upon the
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Figure 1.18 Theoretical drag curves for four types
of vehicle, all reduced for comparison purposes to a
front section of 2 m2. Since air resistance increases
in proportion to the square of the speed, a truck with
Cq4 1.0 requires 35 bhp at 100 km/h, whereas a coupé
with Cq 0.2 requires only 7 bhp

body shape, underbody contours and projecting
parts. The fewer disturbances which occur as air
moves past the vehicle, the lower its drag. Threads
on the vehicle exterior as well as smoke streams
indicate the air flow, and enable test engineers to
see where disturbance exists and where air flows
are interrupted or redirected, and therefore where
reshaping of the body is necessary in order to pro-
duce better aerodynamics (Figures 1.19 and 1.20).

1.2.6 Prototype production

The new model now enters the prototype phase.
The mock-ups give way to the first genuine road
going vehicle, produced with the aid of accurate
drawings and without complex tooling and machin-
ery. The prototype must accurately reproduce the
exact shape, construction and assembly conditions
of the final production body it represents if it is to
be of any value in illustrating possible manufactur-
ing problems and accurate test data. The process
begins with the issue of drawing office instructions
to the experimental prototype workshop. Details of
skin panels and other large pressings are provided
in the form of tracings or as photographic reproduc-
tions of the master body drafts. As the various
detailed parts are made, by either simple press tools
or traditional hand methods, they are spot welded
into minor assemblies or subassemblies; these later
become part of a major assembly to form the
completed vehicle body.

1.2.7 Prototype testing

Whilst still in the prototype stage, the new car has
to face a number of arduous tests. For these tests
a mobile laboratory is connected to the vehicle by a
cable, which transmits signals from various sensors
on the vehicle back to the onboard computer for
collation and analysis. The prototype will also be
placed on a computer-linked simulated rig to moni-
tor, through controlled vibrations, the stresses
and strains experienced by the driveline, suspension
and body.

Crash testing (Figure 1.21) is undertaken to
establish that the vehicle will suffer the minimum
of damage or distortion in the event of an impact
and that the occupants are safely installed within
the strong passenger compartment or safety cell.
The basic crash test is a frontal crash at 30 mile/h
(48 km/h) into a fixed barrier set perpendicularly
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Figure 1.19 Wind tunnel testing of a prototype: front view (Ford Motor Company Ltd)

Figure 1.20 Wind tunnel testing of a prototype: side view (Ford Motor Company Ltd)

to the car’s longitudinal axis. The collision is
termed 100 per cent overlap, as the complete front
of the car strikes the barrier and there is no offset
(Figure 1.22). The main requirement is that the
steering wheel must not be moved back by more

than 120 mm (5 in), but there is no requirement to
measure the force to which the occupants will be
subject in collision. The manufacturers use anthro-
pometric dummies suitably instrumented with
decelerometers and strain gauges which collect
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()
Figure 1.21

Figure 1.22 Standard frontal impact test

relevant data on the effect of the collision on the
dummies. A passenger car side impact test aimed
at reducing chest and pelvic injuries will be legal
in the USA from 1993. This stricter standard

(d)

Basic frontal crash and side impact (angled side swipe) tests (Vauxhall Motors Ltd)

requires that a new vehicle must pass a full-scale
crash test designed to simulate a collision at an
intersection in which a car travelling at 15 mile/h
is hit in the side by another car travelling at
30 mile/h. This test is called an angled side-swipe:
the displacement is 27 degrees forward from the
perpendicular of the test vehicle’s main axis. The
test is conducted by propelling a movable
deformable barrier at 33.5 mile/h into the side of a
test car occupied by dummies in the front and
rear seats. The dummies are wired with instru-
ments to predict the risk potential of human injury.
Volvo do a very unusual promotional crash test
which involves propelling a car from the top of a
tall building (Figure 1.23).
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Figure 1.23 Volvo crash test
(Volvo Concessionaires Ltd)

Extensive durability tests are undertaken on
a variety of road surfaces in all conditions
(Figure 1.24). Vehicles are also run through water
tests (Figure 1.25) and subjected to extreme climatic
temperature changes to confirm their durability.

Figure 1.24 Road testing a prototype
(Ford Motor Company Ltd)

The final stages are now being reached; mechan-
ical specifications, trim levels, engine options,
body styles and the feature lists are confirmed.

1.2.8 Body engineering for production

The body engineering responsibilities are to simu-
late the styling model and overall requirements
laid down by the management in terms of drawings
and specification. The engineering structures are
designed for production, at a given date, at the

lowest possible tooling cost and to a high standard
of quality and reliability.

As competition between the major car manufac-
turers increases, so does the need for lighter and
more effective body structures. Until recently the
choice of section, size and metal gauges was based
upon previous experience. However, methods have
now been evolved which allow engineers to solve
problems with complicated geometry on a graphical
display computer which can be constructed to resem-
ble a body shape (Figure 1.26). The stiffness and
stress can then be computed from its geometry, and
calculations made of the load bearing of the struc-
tures using finite-element methods (Figure 1.27).

With the final specifications approved, the new
car is ready for production. At this stage an initial
batch of cars is built (a pilot run) to ensure that the
plant facilities and the workforce are ready for the
start of full production. When the production line
begins to turn out the brand new model, every
stage of production is carefully scrutinized to
ensure quality in all the vehicles to be built.

1.2.9 EuroNCAP

The governments in most countries have some form
of regulations covering vehicle safety. These regula-
tions are aimed at giving both the occupants of the
vehicle protection in the case of an accident, and
ensuring that pedestrians and cyclists are not subject
to unnecessary injury if they come into contact
with a car. The regulations are in most cases very
minimal. In the UK the Department for Transport
(DfT) works with a number of bodies on vehicle
safety, much of the DfT work is sub-contracted
to Transport Research Laboratory (TRL) Ltd —
formerly a wholly government funded institution. In
America there is the United States Department of
Transportation (DOT). There is also the EEVC
(European Enhanced Vehicle-safety Committee).

The most pro-active of vehicle safety organisa-
tions is EuroNCAP. The full title is European New
Car Assessment Programme. This programme is
jointly funded and supported by it members which
includes:

e Allgemeiner Deutscher Automobil-Club e V
(ADAC), motoring organisation — Germany

¢ Bundesministerium fur Verker, Bau- und
Wohnugswesen, government department -
Germany
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Figure 1.25 Water testing a prototype (Ford Motor Company Ltd)

Figure 1.26 Three-dimensional graphics display
of a scale model (Ford Motor Company Ltd)

* Department for Transport (DfT), government
department — UK

* Dutch Ministry of Transport, Public Works and
Water Management, government department —
Holland

* European Commission — Belgium

* FIA Foundation for the Automobile and
Society, motoring organisation — UK

* Government of Catalonia, government
department — Spain

* International Consumer Research and Testing,
consumer group — UK

* Ministere de 1’Equipment,
department — France

* Swedish Road Administration, government
department — Sweden

e Thatcham - representing British Motor
Insurers — GB

government

EuroNCAP have a number of tests which vehi-
cles are subjected to, the results of the tests are
then subjected to a number of calculations which
lead to star ratings. Basically the more stars the
safer the vehicle (Figure 1.28). The tests appear
simple; but the recording of results is quite com-
plex. Each test has a 50-page operating manual.
Readings are taken from the dummies inside the
vehicles as well as the photographs of the vehicle
as it deforms under impact. The dummies contain
electrical sensing equipment, mainly measuring
acceleration rates. Each dummy costs the same
amount of money as a super car such as a Ferrari.

The EuroNCAP tests are designed to encourage
vehicle manufacturers to consider safety standards
above and beyond those required by the govern-
ment regulations.
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FINITE ELEMENT STRUCTURAL ANALYSIS

Figure 1.27 Finite-element structural analysis (Ford Motor Company Ltd)

Front impact test

Frontal impact takes place at 64 kph (40 mph)
when a car strikes a deformable barrier that is
offset (Figure 1.28a). This test is similar to many
road accidents where one car hits another car, or
another object, offset to one side.

Side impact test

This is similar to accidents where the car is hit
by another on the side. The impact takes place at
50 kph (30 mph) when a trolley with a deformable
front is towed into the driver’s side of the car to
simulate a side-on crash (see Figure 1.28c¢).

Pole test

Accident patterns vary from country to country
within Europe, but approximately a quarter of all
serious-to-fatal injuries happen in side impact
collisions. Many of these injuries occur when one
car runs into the side of another. To encourage
manufacturers to fit head protection devices, an
optional pole or head protection test may be per-
formed, where such safety features are fitted to the
vehicle. Side impact airbags help protect the head
by providing a padding effect and by preventing

the head from passing through the window opening
(see Figure 1.28e).

In this test, the car being tested is propelled side-
ways at 29 kph (18 mph) into a rigid pole. The
pole is relatively narrow, like a telegraph pole of
lamp post, so there is major penetration into the
side of the car. In an impact without the head pro-
tecting airbag, a driver’s head could hit the pole
with sufficient force to cause a fatal head injury.

Pedestrian impact test

A series of tests (Figure 1.28b) are carried out to
replicate accidents involving child and adult pedes-
trians where impact occurs at 40 kph (25 mph) —
maximum speed in build up areas in France. Impact
sites are then assessed and rated fair, weak and
poor. As with the other tests, these are based on
EEVC guidelines.

Star ratings
Each vehicle tested is given a star rating for its
protection of:

¢ adult occupant
e child occupant
e pedestrians
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40% overlap =40% of the
width of the widest part of the
car (not including wing mirrors)

540mm

Pole Diameter =254 mm

(c) Pole test

Figure 1.28 EuroNCAP

The Star Ratings are based on calculations carried
out after the tests, the latest figures can be found
on the EuroNCAP website: www.euroncap.com.

1.2.10 Computational fluid dynamics

Definition

Any material which flows, such as air or water, can
be referred to as a fluid; ‘dynamics’ simply means
moving and ‘computational’ is about calculations.
Aerodynamics was for many years about observing
the air flow over a vehicle, with sample calcula-

R-Point=hip point for a 95th
percentile male

(b) Side impact test

Upper
Ieg'

I.

(d) Pedestrain impact test

tions for specific areas of the car; the advent of
computers meant that calculations could be done
many times faster than by long hand. So, it became
possible to carry out calculations for large sections
of the car very quickly.

In the 1970s engineers became interested in
the aerodynamics which were taking place both
underneath and inside the car, places which
could not be seen. More recently software has
been developed, such as AutoCAD, 3D Studio
and Pro/ENGINEER, which allows solid model-
ling and the facility to virtually walk through a
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design. This means that there is now no longer
a need to make a buck, or a mock-up, of a car to
be able to visualize the design. As an example,
vehicle body engineers used to use a wooden
buck of an engine to help them to design the
body work, and see if it could be fitted to and
removed from the initial body design. The Rover
75 is the first car to be designed without this; a
solid modelling package was used for a virtual
engine and body design, allowing an onscreen
test fit.

Having designed the virtual car it is possible to
observe it in a virtual wind tunnel and carry out
calculations both internally and externally, this is
what computational fluid dynamics (CFD) is all
about. As you can appreciate, the cost of a virtual
design and aerodynamic testing without a wind
tunnel is only a fraction of the cost of building a
buck and using a real wind tunnel.

The calculations

The following are some of the calculations which
an aerodynamist may be concerned with; it
should be remembered that these calculations are
often carried out on about 10 000 000 (ten mil-
lion) individual grid squares, or cells, on the car
body, a slight change of design will need a new
set of calculations. Even using the latest computer
software, the slightest change may take several
days; without CFD it would take months, and the
level of accuracy would be much less. If you
choose to use any of these formulae, remember to
use SI units, metres, newtons and seconds where
appropriate.

Dynamic pressure, which is also a kinetic energy
of unit volume in terms of cubic metres, comes
from the Bernoulli equations. Bernoulli was a sci-
entist whose fluid flow theories were first used in
the design of ships’ hulls.

Dynamic pressure
= 1/2 X air density X vehicle velocity squared
= 1/2 pV2

As you can see, the speed (velocity) of the vehicle
is important for these calculations. Of course
velocity is a vector quantity, it is related to the
direction of the wind. Wind is very rarely a
straight-on head wind, so calculations can be done
for any of the 360 degree possible wind directions

for each of the ten million grid squares. Yes, that is
3.6 billion calculations for each speed and of
course the air density varies with altitude; at sea
level the value is 1.226 kilogrammes per cubic
metre.

Reynolds Number is a ratio which gives a good
guide to the air flow pattern and is an important
consideration of what is called scale effect.

Reynolds Number
= air density X air velocity
X length of flow/air Viscosity

Re = pul/ju

Drag is the aerodynamic resistance of the vehicle,
its resistance to pass through air. Drag in newtons
force is found by the formula:

Drag = 1/2 air density X velocity squared
X frontal area X coefficient of drag
= 12pV?ACp

You will see that part of the formula is familiar,
and part of it is the same as dynamic pressure,
therefore:

Drag = dynamic pressure X frontal area
X coefficient of drag

The coefficient of drag is a number which indicates
the resistance of the car to pass through the air,
typical values are between 0.25 and 0.35.

Lift is the force generated by an aerofoil section
normal to the direction of fluid flow. In other
words it is the upward lifting force which is gener-
ated when passing horizontally through air. For
road vehicles wings are used to hold a vehicle on
to the road, this can be called downthrust or nega-
tive lift.

Lift = dynamic pressure X wing area
X coefficient of lift

When working with road vehicles the frontal area is
often used for the wing area figure. On aircraft, the
wing plan area is more appropriate. With advanced
aerodynamic work the plan area is related to a
reference area. For most road vehicles the frontal
area and the plan area are proportional; also the
coefficient of lift and the coefficient of drag are also
proportional.

Lift = 1/2pV2AC,
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Grid system

The vehicle body shape is broken into grid squares,
or cells, see Figure 1.29. Depending on the shape
of the panel, the grid cells may be of different
shapes between square and oblong.

The squares are then considered as imaginary
cube shapes, see Figure 1.30. A set of calculations
called the Navier—Stokes equations gives a rela-
tionship between pressure, momentum and viscous
forces in three-dimensional space. There is also a
similar set called the Euler equations. The above
calculations covered some of these concepts. The
computer is used to calculate the amount of energy
which is entering each cube and in turn leaving it.
Obviously the two figures should balance and there
will be flow between adjacent cubes.

Ahmed model

For benchmark testing of CFD systems the simpli-
fied vehicle shape, known as the Ahmed model, is
used, see Figure 1.31. This is a simplified model of
a hatchback car. The Ahmed model can be made
from a wooden block and used in any wind tunnel.

1.3 Methods of construction

The steel body can be divided into two main types:
those which are mounted on a separate chassis
frame, and those in which the underframe or floor
forms an integral part of the body. The construc-
tion of today’s mass-produced motor car has

>
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Figure 1.30 One cube shape in a grid cell, the CFD
calculates the energy of entering and leaving each
cube (Dr Barnard 1996)

changed almost completely from the composite,
that is conventional separate chassis and body, to
the integral or mono unit. This change is the result
of the need to reduce body weight and cost per unit
of the total vehicle.

1.3.1 Composite construction
(conventional separate chassis)

The chassis and body are built as two separate
units (Figure 1.32). The body is then assembled
on to the chassis with mounting brackets, which
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Figure 1.29 Grid of cells on a Volvo car (Dr Ramnefors 1994)
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Figure 1.31 The Ahmed Model, a simplified shape of a hatchback vehicle (Dr Ahmed 1984)

* Rubber mountings

Figure 1.32 Composite construction (conventional separate chassis)
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have rubber-bushed bolts to hold the body to
the rigid chassis. These flexible mountings allow
the body to move slightly when the car is in
motion. This means that the car can be disman-
tled into the two units of the body and chassis.
The chassis assembly is built up of engine,
wheels, springs and transmission. On to this
assembly is added the body, which has been pre-
assembled in units to form a complete body shell
(Figure 1.33).

1.3.2 Integral (mono or unity)
construction

Integral body construction employs the same
principles of design that have been used for years
in the aircraft industry. The main aim is to
strengthen without unnecessary weight, and the
construction does not employ a conventional sepa-
rate chassis frame for attachment of suspension,
engine and other chassis and transmission compo-
nents (Figure 1.34). The major difference between
composite and integral construction is hence the
design and construction of the floor (Figure 1.35).
In integral bodies the floor pan area is generally
called the underbody. The underbody is made up of

formed floor sections, channels, boxed sections,
formed rails and numerous reinforcements. In most
integral underbodies a suspension member is
incorporated in both the front and rear of the body.
The suspension members have very much the same
appearance as the conventional chassis frame from
the underside, but the front suspension members
end at the cowl or bulkhead and the rear suspen-
sion members end just forward of the rear boot
floor. With the floor pan, side rails and reinforce-
ments welded to them, the suspension members
become an integral part of the underbody, and
they form the supports for engine, front and rear
suspension units and other chassis components. In
the integral body the floor pan area is usually of
heavier gauge metal than in the composite body,
and has one or more box sections and several chan-
nel sections which may run across the floor either
from side to side or from front to rear; this variety
of underbody construction is due largely to the
difference in wheelbase, length and weight of the
car involved. A typical upper body for an integral
constructed car is very much the same as the
conventional composite body shell; the major
differences lie in the rear seat area and the con-
struction which joins the front wings to the front

Figure 1.33 Composite construction showing a Lotus Elan chassis before fitting the body (Lotus Engineering)
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bulkhead or cowl assembly. The construction in the
area to the rear of the back seat is much heavier in
an integral body than in a composite body. The
same is true of the attaching members for the front
wings, front bulkhead and floor assembly, as these
constructions give great strength and stability to
the overall body structure.

1.3.3 Semi-integral methods of
construction

In some forms of integral or mono assemblies, the
entire front end or subframe forward of the bulkhead
is joined to the cowl assembly with bolts. With this
construction, the bolts can be easily removed and the
entire front (or in some cases rear) subframe can be
replaced as one assembly in the event of extensive
damage.

1.3.4 Glass fibre composite
construction

This method of producing complex shapes involves
applying layers of glass fibre and resin in a pre-
pared mould. After hardening, a strong moulding is
produced with a smooth outer surface requiring lit-
tle maintenance. Among the many shapes available
in this composite material are lorry cabs, bus front

canopies, container vehicles, and the bodies of cars
such as the Reliant Scimitar. The Italian designer,
Michelotti, styled the Scimitar body so that sepa-
rately moulded body panels could be used and
overlapped to hide the attachment points. This
allows the panels to be bolted directly to the sup-
porting square-section steel tube armatures located
on the main chassis frame. The inner body, which
rests directly on the chassis frame and which forms
the base for all internal trim equipment, is a com-
plex GRP moulding. The windscreen aperture is
moulded as a part of the inner body, and incorpo-
rates steel reinforcing hoops which are braced
directly to the chassis. The boot compartment is
also a separate hand-laid GRP moulding, as are the
doors and some of the other panels. Most of the
body panels are secured by self-tapping bolts which
offer very positive location and a useful saving in
assembly time (see Figures 1.36 and 1.37).

1.3.5 Galvanized body shell clad
entirely with composite skin
panels

Renault have designed a high-rise car which has
a skeletal steel body shell (Figure 1.38, clad
entirely with composite panels. After assembly
the complete body shell is immersed in a bath of

Figure 1.34 (a) VW Golf Estate body assembly

(@)



36 Repair of Vehicle Bodies

(b)
Figure 1.34 (b) Land Rover Discovery body assembly
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Figure 1.34 (c) Rover 800 load levelling body parts

molten zinc, which applies an all-over 6.5 micron
(millionth of a metre) coating. The process gives
anti-rust protection, while the chemical reaction
causes a molecular change in the steel which
strengthens it. Lighter-guage steel can therefore
be used without sacrificing strength, resulting in
a substantial weight saving even with the zinc
added.

Skin panels are formed in reinforced polyester
sheet, made of equal parts of resin, fibreglass and
mineral filler. The panels are joined to the galva-
nized frame and doors by rivets or bonding as
appropriate. The one-piece high-rise tailgate is
fabricated entirely from polyester with internal
steel reinforcements (Figure 1.39). Damage to pan-
els through impact shocks is contained locally
and absorbed through destruction of the material,
unlike the steel sheet which transmits deformation.
Accident damage and consequent repair costs are
thus reduced.

1.3.6 Variations in body shape

Among the motor car manufacturers there are
variations in constructional methods which result
in different body types and styles. Figure 1.40
illustrates four types of body shell — a saloon with a
boot, a hatchback, an estate car and a light van.
Figure 1.41 shows a coach-built limousine of
extremely high quality, built on a Rolls-Royce Silver
Spirit chassis by the coach-builders Hooper & Co.

This vehicle has been designed for the use of heads
of state and world-ranking VIPs.

1.4 Basic body construction

A typical four-door saloon body can be likened to
a hollow tube with holes cut in the sides. The
bulkhead towards the front and rear completes the
box-like form and assists in providing torsional
stability. The roof, even if it has to accommodate a
sunshine roof, is usually a quite straightforward
and stable structure; the curved shape of the roof
panel prevents lozenging (going out of alignment
in a diamond shape). The floor is a complete panel
from front to rear when assembled, and is usually
fitted with integral straightening ribs to prevent
lozenging. With its bottom sides or sill panels,
wheel arches, cross members and heelboard, it is
the strongest part of the whole body. The rear
bulkhead, mainly in the form of a rear squab
panel, is again a very stable structure. However,
the scuttle or forward bulkhead is a complex struc-
ture in a private motor car. Owing to the awkward
shape of the scuttle and the accommodation
required for much of the vehicle’s equipment, it
requires careful designing to obtain sufficient
strength. Body sides with thin pillars, large win-
dows and door openings are inherently weak,
requiring reinforcing with radiusing corners to the
apertures to give them sufficient constructional
strength.
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(c)

Figure 1.35 Front end construction (a) integral or mono (b) composite and (c) front sub-frame, this is bolted

separately to body assembly

A designer in a small coach building firm will
consider methods necessary to build the body
complete with trim and other finishing processes.
The same job in a mass production factory may
be done by a team of designers and engineers
all expert in their own particular branch of the
project. The small manufacturer produces bodies
with skilled labour and a minimum number of

jigs, while the mass producer uses many jigs and
automatic processes to achieve the necessary out-
put. However, the problems are basically the
same: to maintain strength and stability, a good
standard of finish and ease of production.

Figure 1.42 shows the build-up details of a four-
door saloon, from the main floor assembly to the
complete shell assembly. In the figure the main floor
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Figure 1.37 Complete Lotus Elan SE body shell
(Lotus Engineering)

unit (1), commencing at the front, comprises a toe-
board or pedal panel, although in some cases this
may become a part of the scuttle or bulkhead. Apart
from providing a rest for the front passengers’ feet,
it seals off the engine and gearbox from the body

Figure 1.38 Espace high-rise car with galvanized
skeletal steel body shell (Renault UK Ltd)

and connects the scuttle to the main floor. The main
centre floor panel (2) should be sufficiently rein-
forced to carry the weight of the front seats and
passengers. It may be necessary to have a tunnel
running the length of the floor in the centre to clear
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Plastic structure

Figure 1.39 Espace high-rise car showing
composite panel cladding (Renault UK Ltd). Plastic
parts are made from a composite material based on
polyester resin: pre-impregnated type (SMC) for parts
1,4,5,6,7,8,9, 10; injected resin type for parts 2, 3.
Parts bonded to chassis:  Detachable parts:

1 Body top 3 Tailgate lining

2 Roof 4 Tailgate outer panel
5 Rear wing 6 Rear door panel

9 Front wing 8 Front door panel

7 Sill 10 Bonnet

the transmission system from the engine to the rear
axle, and holes may have to be cut into the floor to
allow access to the gearbox, oil filler, and dipstick,
in which case removable panels or large grommets
would be fitted in these access holes (3).

The front end of the main floor is fixed to the toe-
board panel and the sides of the main centre floor
are strengthened by the bottom sills (4) and/or some
form of side members which provide the necessary
longitudinal strength. The transverse strength is pro-
vided by the cross members. The floor panel itself
prevents lozenging, and the joints between side
members and cross members are designed to resist
torsional stresses.

The rear end of the floor is stiffened transversely
by the rear seat heelboard (5). This heelboard also
stiffens the front edges of the rear seat panel. In
addition it often provides the retaining lip for the
rear seat cushion, which is usually made detachable

Figure 1.40 Body shell variations: (a) saloon
with boot (b) hatchback (c) estate car (d) light van
(Rover Group Ltd)
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Figure 1.41 Coach-built limousine: Emperor State
Landaulette (Hooper & Co (Coach-builders) Ltd)

from the body. The heelboard, together with the
rear panel and rear squab panel, forms the platform
for the rear seat.

The rear seat panel (6) is reinforced or swaged if
necessary to gain enough strength to support the
rear passengers. Usually the rear seat panel has to
be raised to provide sufficient clearance for the
deflection of the rear axle differential housing. The
front edge of the rear seat panel is stiffened by
the rear seat heelboard, and the rear edge of the seat
panel is stiffened by the rear squab panel. The rear
squab panel completes this unit and provides the
rear bulkhead across the car. It seals off the boot
or luggage compartment from the main body or
passenger compartment.

The boot floor (7), which extends from the back
of the rear squab panel to the extreme back of the
body, completes the floor unit. In addition to the
luggage, the spare wheel has to be accommodated
here. The front edge of the boot floor is reinforced
by the rear squab panel and the rear end by a cross
member of some form (8). The sides of the floor
are stiffened by vertical boot side panels at the
rear, while the wheel arch panels complete the
floor structure by joining the rear end of the main
floor and its side members. The wheel arch panels
(9) themselves seal the rear road wheels from the
body.

In general the floor unit is made up from a
series of panels with suitable cross members or
reinforcements. The edges of the panels are stiff-
ened either by flanging reinforcing members, or
by joining to the adjacent panels. The boot fram-
ing is joined at the back to the rear end of the

boot floor, at the sides to the boot side panels and
at the top to the shelf panel behind the rear squab
(10). It has to be sufficiently strong at the point
where the boot lid hinges are fitted to carry the
weight of the boot lid when this is opened.
Surrounding the boot lid opening there is a gutter
to carry away rain and water to prevent it entering
the boot; opposite the hinges, provision is made
for the boot lid lock striking plate (11) to be
fixed. From the forward edge of the boot, the next
unit is the back light and roof structure (12), and
this extends to the top of the windscreen or
canopy rail (13). The roof is usually connected to
the body side frames, which comprise longitudi-
nal rails or stringers and a pair of cantrails which
form the door openings (14). Provision in the roof
should be made for the interior lights and wiring
and also the fixing of the interior trimming. The
scuttle and windscreen unit, including the front
standing pillar or A-post (15), provides the front
bulkhead and seals the engine from the passenger
compartment.

Accommodation has to be made for the instru-
mentation of the car, the wiring, radio, windscreen
wipers and driving cable, demisters and ducting,
steering column support, handbrake support and
pedals. The scuttle (16) is a complicated structure
which needs to be very strong. When the front door
is hinged at the forward edge, provision has to be
made in the front pillar for the door hinges, door
check and courtesy light switches.

The centre standing pillar or BC-post (17) is
fixed to the side members of the main floor unit
and supports the cantrails of the roof unit. It pro-
vides a shut face for the front door, a position for
the door lock striking plate and buffers or dovetail,
and also a hinge face for the rear door; as with the
front standing pillar, provision is made for the door
hinges and door check. The rear standing pillar or
D-post (18) provides the shut face for the rear end
of the floor side members at the bottom, whilst the
top is fixed to the roof cantrails and forms the front
of the quarters.

The quarters (19) are the areas of the body sides
between the rear standing pillars and the back light
and boot. If the body is a six-light saloon there
will be a quarter window here with its necessary
surrounding framing, but in the case of a four-light
saloon this portion will be more simply con-
structed. Apart from the doors, bonnet, boot lid and
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front wings this completes the structure of the
average body shell.

1.5 Identification of major body
pressings

The passenger-carrying compartment of a car is
called the body, and to it is attached all the doors,
wings and such parts required to form a complete
body shell assembly (Figure 1.43).

1.5.1 Outer construction

This can be likened to the skin of the body, and
is usually considered as that portion of a panel
or panels which is visible from the outside of
the car.

1.5.2 Inner construction

This is considered as all the brackets, braces
and panel assemblies that are used to give the
car strength (Figure 1.44). In some cases the
entire panels are inner construction on one make
of car and a combination of inner and outer on
another.

1.5.3 Front-end assembly including cowl
or dash panel

The front-end assembly (Figure 1.45) is made up
from the two front side member assemblies which
are designed to carry the weight of the engine, sus-
pension, steering gear and radiator. The suspension
system used will affect the design of the panels,
but whatever system is used the loads must be
transmitted to the wing valances and on to the
body panels. The front cross member assembly
braces the front of the car and carries the radiator
and headlamp units. The side valance assemblies
form a housing for the wheels, a mating edge for
the bonnet and a strong box section for attachment
of front wings. Both the side frames and valance
assemblies are connected to the cowl or dash
panel, The front-end assembly is attached to the
main floor at the toe panel.

The cowl or dash panel forms the front bulkhead
of the body (Figure 1.45) and is usually formed by
joining smaller panels (the cowl upper panel and
the cowl side panel) by welds to form an integral
unit. In some cases the windscreen frame is integral
with the cowl panel. The cowl extends upwards

Figure 1.43 Major body panels

Roof panel
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8 Sidelamps
9 Sill panel
10 Front door
11 Rear door
12 Centre pillar
13 Rear quarter panel
14 Rear bumper bar
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(Facing page)

Figure 1.44 Body shell assembly (Austin
Rover Group Ltd)
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Figure 1.45 Complete front-end assemblies

(Rover Group Ltd)
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around the entire windscreen opening so that the
upper edge of the cowl panel forms the front edge
of the roof panel. In this case the windscreen pil-
lars, i.e. the narrow sloping construction at either
side of the windscreen opening, are merely part of
the cowl panel. In other constructions, only a por-
tion of the windscreen pillar is formed as part of the
cowl. The cowl is sometimes called the fire wall
because it is the partition between the passenger
and engine compartments, and openings in the cowl
accommodate the necessary controls, wiring and
tubing that extend from one compartment to the
other. The instrument panel, which is usually con-
sidered as part of the cowl panel although it is a
complex panel in itself, provides a mounting for the
instruments necessary to check the performance of
the vehicle during operation. Cowl panels usually
have both inner and outer construction, but in cer-
tain constructions only the upper portion of the
cowl around the windscreen is visible. On many
vehicles the front door hinge pillar is also an inte-
gral part of the cowl.

1.5.4 Front side member assembly

This is an integral part of the front-end assembly; it
connects the front wing valances to the cowl or
dash assembly. It is designed to strengthen the front
end; it is part of the crumple zone, giving lateral
strength on impact and absorbing energy by defor-
mation during a collision. It also helps to support
the engine and suspension units (see Figure 1.45;
key figure references 13, 15, 16, 20, 22).

1.5.5 A-post assembly

This is an integral part of the body side frame. It is
connected to the front end assembly and forms the
front door pillar or hinge post. It is designed to
carry the weight of the front door and helps to
strengthen the front bulkhead assembly (Figure
1.45).

1.5.6 Main floor assembly

This is the passenger-carrying section of the main
floor. It runs backwards from the toe panel to the
heelboard or back seat assembly. It is strengthened
to carry the two front seats, and in some cases
may have a transmission tunnel running through
its centre. Strength is built into the floor by

the transmission tunnel acting like an inverted
channel section. The body sill panels provide extra
reinforcement in the form of lateral strength.
Transverse strength is provided by box sections at
right angles to the transmission tunnel, generally
in the areas of the front seat and in front of the
rear seat. The remaining areas of flat floor are
ribbed below the seats and in the foot wells to add
stiffness (Figure 1.46).

1.5.7 Boot floor assembly

This is a section of the floor between the seat panel
and the extreme back of the boot. It is strengthened
by the use of cross members to carry the rear seat
passengers. This area forms the rear bulkhead
between the two rear wheel arches, forming the rear
seat panel or heelboard, and in a saloon body shell
can incorporate back seat supports and parcel shelf.
The boot floor is also strengthened to become the
luggage compartment, carrying the spare wheel and
petrol tank. At the extreme back it becomes the panel
on to which the door or tailgate closes (Figure 1.46).

1.5.8 Complete underbody assembly

This is commonly called the floor pan assembly, and
is usually composed of several smaller panels
welded together to form a single floor unit. All floor
panels are reinforced on the underside by stiffening
members or cross members. Most floor pans are
irregular in shape for several reasons. They are
formed with indentations or heavily swaged areas
to strengthen the floor sections between the cross
members, and foot room for the passengers is
often provided by these recessed areas in the floor.
Figure 1.46 shows a complete underbody assembly.

1.5.9 Body side frame assembly

On a four-door saloon this incorporates the A-post,
the BC-post, the D-post and the rear quarter sec-
tion. The side frames reinforce the floor pan along
the sill sections. The hinge pillar or A-post extends
forward to meet the dash panel and front bulk-
head to provide strength at this point. The centre
pillars or BC-posts connect the body sills to the
roof cantrails. They are usually assembled as box
sections using a top-hat section and flat plate.
These are the flanges which form the attachments
for the door weather seals and provide the four
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Figure 1.46 Main floor assemblies and boot floor assemblies ( Proton)
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9 Crossmember assy front floor rear LH
10 Crossmember assy front floor front LH
11 Reinf. seat belt side LH/RH
12 Bracket anti zipper
13 Sill front floor side inner LH/RH
14 Reinf. sidemember front floor LH/RH
15 Sidemember front floor LH/RH

A large reinforcement has been added to the front floor backbone (Reinforcement assy backbone), and this is
coupled with the side sill, sidemember and crossmember to provide increased rigidity to the total floor.

door openings. The D-post and rear quarter section
is integral with the rear wheel arch and can include
a rear quarter window (Figure 1.47).

1.5.10 Roof panel

The roof panel is one of the largest of all major
body panels, and it is also one of the simplest in
construction. The area which the roof covers

varies between different makes and models of
cars. On some cars, the roof panel ends at the
windscreen. On others it extends downwards
around the windscreen so that the windscreen
opening is actually in the roof. On some cars
the roof ends above the rear window, while on
others it extends downwards so that the rear
window opening is in the lower rear roof. When
this is the case the roof panel forms the top panel
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Figure 1.47 Body side assemblies, roof, BC-post, front and rear door of a hatchback (Proton)
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around the rear boot opening. Some special
body designs incorporate different methods of
rear window construction, which affects the roof
panel; this is particularly true for estate cars,
hatchbacks and hardtop convertibles. Alter-
natively the top is joined to the rear quarter panel
by another smaller panel which is part of the
roof assembly.

The stiffness of the roof is built in by the curva-
ture given to it by the forming presses, while the
reinforcements, consisting of small metal strips
placed crosswise to the roof at intervals along the
inside surface, serve to stiffen the front and rear
edges of the windscreen and rear window frames.
In some designs the roof panel may have a sliding
roof built in (Figure 1.47) or a flip-up detachable
sunroof incorporated.

1.5.11 Rear quarter panel or tonneau
assembly

This is integral with the side frame assembly and
has both inner and outer construction. The inner
construction comprises the rear wheel arch and
the rear seat heelboard assembly. This provides
the support for the rear seat squab in a saloon
car; if the vehicle is a hatchback or estate car,
the two back seats will fold flat and the seat
squabs will not need support. This area is known
as the rear bulkhead of the car; it gives addi-
tional transverse strength between the wheel
arch sections and provides support for the rear
seat. The rear bulkhead also acts as a partition
between the luggage and passenger compart-
ments (Figure 1.47).

1.5.12 Rear wheel arch assembly

This assembly is constructed as an integral part of
the inner construction of the rear quarter panel. It is
usually a two-piece construction comprising the
wheel arch and the quarter panel, which are welded
together (Figure 1.46).

1.5.13 Wings

A wing is a part of the body which covers the
wheel. Apart from covering the suspension con-
struction, the wing prevents water and mud from
being thrown up on to the body by the wheels. The
front wings (or the fender assembly) are usually

attached to the wing valance of the front end
assembly (see Figure 1.45) by means of a flange
the length of the wing, which is turned inwards
from the outer surface and secured by -either
welding or bolts. Adjustment for the front wing is
usually provided for by slotting the bolt holes so
that the wing can be moved either forwards or
backwards by loosening the attaching bolts. This
adjustment cannot be made if the wing is welded
to the main body structure.

In some models the headlights and sidelights
are recessed into the front wing and fastened in
place by flanges and reinforcement rims on the
wing. Any trim or chrome which appears on the
side of the wing is usually held in place by special
clips or fasteners which allows easy removal of
the trim.

The unsupported edges of the wing are swaged
edges known as beads. The bead is merely a flange
which is turned inwards on some cars and then up
to form a U-section with a rounded bottom. It not
only gives strength but prevents cracks developing
in the edges of the wing due to vibration, and it
provides a smooth finished appearance to the edge
of the wing.

In general the rear wing is an integral part of the
body side frame assembly and rear quarter panel.
When the wing forms an integral part of the quar-
ter panel, the inner construction is used to form
part of the housing around the wheel arch. The
wheel arch is welded to the rear floor section and
is totally concealed by the rear quarter panel, while
the outer side of the wheel arch is usually attached
to the quarter panel around the wheel opening.
This assembly prevents road dirt being thrown
upwards between the outer panel and inner panel
construction.

1.5.14 Doors

Several types of door are used on each vehicle
built, although the construction of the various
doors is similar regardless of the location of the
door on the vehicle, as indicated on Figure 1.47.
The door is composed of two main panels, an outer
and an inner panel, both being of all-steel con-
struction. The door derives most of its strength
from the inner panel since this is constructed
mainly to act as a frame for the door. The outer
panel flanges over the inner panel around all its
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edges to form a single unit, which is then spot
welded or, in some cases, bonded with adhesives to
the frame.

The inner panel has holes or apertures for the
attachment of door trim. The trim consists of the
window regulator assembly and the door locking
mechanism. These assemblies are installed through
the large apertures in the middle of the inner panel.
Most of the thickness of the door is due to the
depth of the inner panel which is necessary to
accommodate the door catch and window mech-
anism. The inner panel forms the lock pillar and
also the hinge pillar section of the door. Small rein-
forcement angles are usually used between the
outer and inner panel, both where the lock is
inserted through the door and where the hinges are
attached to the door. The outer panel is either pro-
vided with an opening through which the outside
door handle protrudes, or is recessed to give a
more streamlined effect and so to create better
aerodynamics.

The upper portion of the door has a large open-
ing which is closed by glass. The glass is held
rigidly by the window regulator assembly, and
when raised it slides in a channel in the opening
between the outer and inner panels in the upper
portion of the door. When fully closed the window
seats tightly in this channel, effectively sealing out
the weather.

1.5.15 Boot lid or tailgate

This is really another door which allows access
to the luggage compartment in the rear of the car
(Figure 1.46). A boot lid is composed of an outer
and an inner panel. These panels are spot welded
along their flanged edges to form a single unit in
the same manner as an ordinary door. The hatch-
back and estate car have a rear window built into
the boot lid, which is then known as a tailgate.
Some manufacturers use external hinges, while
others use concealed hinges attached to the inner
panel only. A catch is provided at the lower rear
edge of the boot lid or tailgate and is controlled
by an external handle or locking mechanism.
This mechanism may be concealed from the eye
under a moulding or some type of trim. In some
models there is no handle or external locking
mechanism; instead the hinges are spring loaded
or use gas-filled piston supports, so that when

the lid is unlocked internally it automatically
rises and is held in the open position by these
mechanisms.

1.5.16 Bonnet

The bonnet (Figure 1.45) is the panel which cov-
ers the engine compartment where this is situated
at the front of the vehicle, or the boot compart-
ment of a rear-engined vehicle. Several kinds of
bonnets are in use on different makes of cars. The
bonnet consists of an outer panel and an inner
reinforcement constructed in the H or cruciform
pattern, which is spot welded to the outer skin
panel at the flanged edges of the panels. The rein-
forcement is basically a top-hat section, to give
rigidity to the bonnet. In some cases the outer
panel is bonded to the inner panel using epoxy
resins. This system avoids the dimpling effect on
the outer surface of the bonnet skin which occurs
in spot welding.

Early models used a jointed type of bonnet
which was held in place by bolts through the centre
section of the top of the bonnet into the body of the
cowl and into the radiator. A pianotype hinge was
used where the bonnet hinged both at the centre
and at the side.

The most commonly used bonnet on later con-
structions is known as the mono or one-piece
type, and can be opened by a variety of methods.
On some types it is hinged at the front so that the
rear end swings up when the bonnet is open.
Others are designed so that they can be opened
from either side, or unlatched from both sides
and removed altogether. Most bonnets, however,
are of the alligator pattern, which is hinged at the
rear so that the front end swings up when
opened.

The type of bonnet catch mechanism depends on
the type of bonnet used. When a bonnet opens
from the rear the catch mechanism is also at the
rear. When it opens from either side the combina-
tion hinge and catch are provided at each side. The
alligator bonnets have their catches at the front,
and in most cases the catches are controlled from
inside the car.

Bonnets are quite large, and to make opening
easier the hinges are usually counterbalanced by
means of tension or torsion springs. Where smaller
bonnets are used the hinges are not counterbalanced
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and the bonnet is held in place by a bonnet stay
from the side of the wing to the bonnet. Adjustment
of the bonnet position is sometimes possible by
moving the hinges.

1.5.17 Trims

Some details of exterior and interior trims are
shown in Figures 1.48 and 1.49.

1.5.18 Complete body shell

A contemporary vehicle embracing all the latest
techniques of panel assembly is shown in Figures
1.50 and 1.51. Figure 1.50 illustrates the com-
pleted structure with all panel assemblies in place.
Figure 1.51 shows the completely finished vehicle
ready for the road.

1.5.19 Comparative terms in common
use by British, American and
European car manufacturers

As manufacturers use differing terms for the various
body panel assemblies and individual panels, diffi-
culties may arise when identifying specific panels.
The following are the terms in most common use:

Bonnet, hood

Boot lid, deck lid, trunk lid, tailgate
Cantrail, roof side rail, drip rail
Centre pillar, BC-post

Courtesy light, interior light

Cowl, scuttle, bulkhead, fire wall
Dash panel, facia panel

Door opening plates, scuff plates
Door skin, outside door panel

87

Figure 1.48 Exterior trim (Rover Group Ltd)

73 Lower front grille 77 Front grille

74 Front spoiler 81 Door mirror assembly
75 Front bumper 82 Sculttle grille

76 Front bumper insert 83 Scuttle moulding

84
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Lower screen moulding
Rear bumper insert

Rear bumper

Rear wing waist moulding

88 Rear door waist moulding
89 Front door waist moulding
90 Front wing waist moulding
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Figure 1.49 Interior trim (Rover Group Ltd)

91 Front seat headrest
92 Front seatbelt assembly
93 Front seat cushion
94 Front seatbelt centre stalk
95 Front seat back rest
96 Front seat head rest
97 Rear seat back rest small section
98 Rear seat centre arm rest
99 Rear seatbelt buckle assembly
100 Rear seat back rest large section
101 Rear seat side bolster
102 Rear seatbelt lap assembly
103 Rear seat cushion
104 Rear seatbelt assembly
105 Main floor carpet

Face bar, bumper bar

Front pillar, A-post, windscreen pillar
Light, window

Quarter panel, tonneau assembly
Roof, turret

Roof lining, headlining

Sill panel, rocker panel

Squab, seat back

Underbody, floor pan assembly
Valance of front wing, fender side shield
Vent window, flipper window

Waist rail, belt rail

Wheel arch, wheel house
‘Windscreen, windshield

Wing, fender.

1.5.20 Vehicle identification numbers

The vehicle identification number (VIN) is
stamped on a plate located typically inside the
engine compartment or on a door pillar. A VIN

system is shown in Figure 1.52. The figure also
shows the paint and trim codes which are usually
included on the VIN plate.

The car body number is provided separately in
the engine or boot compartments.

1.6 Venhicle type approval

Many industrial sectors are subject to some form
of approval or certification system but road vehi-
cles are a special case, because of their impor-
tance to and impact upon society, and have been
subject to specific technical standards almost
from their first invention. Within Europe, two sys-
tems of type approval have been in existence for
over 20 years. One is based around EC Directives
and provides for the approval of whole vehicles,
vehicle systems and separate components. The
other is based around ECE (United Nations)
Regulations and provides for approval of vehicle
systems and separate components, but not whole
vehicles.

Type approval is the confirmation that produc-
tion samples of a design will meet specified per-
formance standards. The specification of the
product is recorded and only that specification is
approved.

Automotive EC Directives and ECE Regulations
require third party approval — testing, certification
and production conformity assessment by an inde-
pendent body. Each member state is required to
appoint an Approval Authority to issue the
approvals and a Technical Service to carry out the
testing to the Directives and Regulations. An
approval issued by one Authority will be accepted
in all the member states. Vehicle Certification
Agency (VCA) is the designated UK Approval
Authority and Technical Service for all type of
approvals to automotive EC Directives and ECE
Regulations. The VCA also has offices in Europe,
North America and the far East.

Approved parts carry the E-mark. That is a
letter ‘e’ or ‘CE’ followed by a number which
indicates the country of approval.

1.6.1 Single vehicle approval scheme

The Single Vehicle Approval (SVA) scheme is a
pre-registration inspection for cars and light goods
vehicles that have not been type-approved to
British or European standards. The main purpose
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Figure 1.50 Complete body shell (Proton)

of the scheme is to ensure that these vehicles have
been designed and constructed to modern safety
and environmental standards before they can be
used on public roads.

Single Vehicle Approval checks that vehicles
constructed for non-European Economic Area mar-
kets comply with British law. Even vehicles out-
wardly similar to European-specification models,
but intended for other markets, can often be unsuit-
able for use in Britain without, at least some, mod-
ification. SVA recognises certain non-European
technical standards as acceptable alternatives to the
Figure 1.51 Proton SVA requirements.
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Vehicle Information Code Plate — for UK/EC market only

Location
Vehicle information code plate is riveted on the toe board
inside the engine compartment.

CODE PLATE DESCRIPTION
The plate shown model code, engine model, transmission
model and colour code.
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Position Description

VIN CODE

ENGINE
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EXTERIOR CODE

INTERIOR CODE

OPTION CODE

GROSS VEHICLE WEIGHT
GROSS COMBINATION WEIGHT
FRONT AXLE WEIGHT

REAR AXLE WEIGHT
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Figure 1.52 Vehicle identification number

Single Vehicle Approval also checks that the
construction of amateur-built vehicles, rebuilt
vehicles and vehicles using parts from a previously
registered vehicle meet modern safety and environ-
mental standards. It also provides an alternative to

type-approval for vehicles manufactured in very
low volume; vehicles converted for the disabled
prior to registration, as well as hearses and
armoured vehicles for civilian use.

Most of the items inspected in the SVA scheme
are those that are tested when manufacturers apply
for type-approval of mass-produced vehicles.
Table 1.1 lists the items inspected for cars and
light goods vehicles for the two levels of SVA. All
the items for Standard SVA are checked at the
SVA test station. However, items for ESVA (other
than seatbelts) cannot be tested at the SVA test
station and therefore documentary evidence of
compliance as to be produced. The SVA test
station will then check that the vehicle aligns to
the documentation presented.

Acceptable alternatives are listed in the SVA
Inspection Manual which is produced by VOSA.

For standard SVA, all the inspections are under-
taken at selected testing stations operated by the
Vehicle and Operator Services Agency (VOSA), an
executive agency of The Department for Transport.
These tests can also be conducted by VOSA
Examiners at ‘designated premises’ if certain con-
ditions are met. Designated premises are privately
owned premises that have been authorized by
VOSA for their examiners to use to conduct SVA
tests.

Although the same items are tested as in type-
approval they are not tested in the same way. To
keep the fee to a level affordable by individuals the
examiner will in the case of certain items conduct
an engineering assessment. This check will be in
the form of either visual inspection or a simple test
on the vehicle to ensure that it complies with the
regulations.

The examination will be limited to parts of the
vehicle which can be readily seen without disman-
tling. However, the presenter may be asked to open
lockable compartments and remove engine covers,
inspection/access panels, trims or carpeting. This is
to allow access to items subject to examination.
Also, because vehicles are inspected individually the
tests are not destructive or damaging in any way.

A Minister’s Approval Certificate (MAC) under
SVA is issued when the examiner is satisfied that
the vehicle would meet the requirements of the
regulations in relation to the design and construc-
tion of the vehicle. Unlike the MOT, the examina-
tion is not primarily concerned with vehicle
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Table 1.1
Item Standard SVA Additional items for enhanced SVA
Light goods Light goods
Cars vehicles Cars vehicles
Doors, their latches and Yes No No No
hinges
Radio interference Yes Yes No No
suppression
Protective steering Yes No Evidence of compliance No
with type-approval
standard or acceptable
alternative
Exhaust emissions Yes* Yes* Evidence of compliance Evidence of compliance
with type-approval with type-approval
standard or acceptable standard or acceptable
alternative alternative
May require independent May require independent
test test
Smoke emissions Yes Yes No No
(diesels only)
Lamps, reflectors and Yes No No No
devices
Rear-view mirrors Yes No No No
Anti-theft devices Yes* No Evidence of compliance No
with type-approval
standard or acceptable
alternative
May require independent test
Seat belts Yes No Evidence of compliance No
or visual assessment
at test site
Seat belt anchorages Yes* No Evidence of compliance No
with full type-approval
standard or acceptable
alternative
Installation of seat belts Yes No Evidence of compliance No
with type-approval
standard or acceptable
alternative
Brakes Yes Yes Evidence of compliance Evidence of compliance
with type-approval with type-approval
standard or acceptable standard or acceptable
alternative alternative
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Table 1.1 (continued)
Item Standard SVA Additional items for enhanced SVA
Light goods Light goods
Cars vehicles Cars vehicles
Noise and silencers Yes* Yes* Evidence of compliance Evidence of compliance
with type-approval with type-approval
standard or acceptable standard or acceptable
alternative alternative
May require independent test | May require independent
test
Glass: windscreen and Yes No No No
other windows outside
Seats and their Yes No No No
anchorages
Tyres Yes No No No
Interior fittings Yes No No No
External projections Yes No No No
Speedometers Yes No No No
Wiper and washer Yes No No No
system
Defrosting and Yes No No No
demisting system
Fuel input Yes Yes No No
Design weights Yes No No No
General vehicle Yes Yes No No
construction
CO, emissions and fuel No No Evidence of compliance No
consumption (vehicles with full type-approval Does not apply to LGVs
manufactured after standard or acceptable
1 January 1997) alternative
CO; emissions and fuel No No Evidence of compliance No
consumption (vehicles with full type-approval Does not apply to LGVs
manufactured after standard or acceptable
1 January 1997) alternative
Front impact protection No No Evidence of compliance No
(vehicles manufactured with type-approval
after 1 October 2003) standard or acceptable
alternative
N.B. May require
comparison test against
EC approved vehicle
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Table 1.1 (continued)

Item Standard SVA Additional items for enhanced SVA
Light goods Light goods
Cars vehicles Cars vehicles

Plate for goods vehicles No Yes No No
Side Impact Protection No No Evidence of compliance

(vehicles manufactured with type-approval No

after 1 October 2003) standard or acceptable

alternative

N.B. May require
comparison test against
EC approved vehicle

* Compliance with the enhanced requirements shall exempt the vehicles from these SVA items.

condition, although poor condition may make it
impossible to assess whether some construction
requirements are met.

Questions

1 Why were the earliest motor vehicle bodies made
almost entirely of wood?

2 When and why did manufacturers commence to
use metal for the construction of vehicle
bodies?

3 Give a brief history of the development of the
vehicle body style, illustrating the significant
changes which have taken place.

4 What is meant by monocoque construction, and
why has it become so popular in motor vehicle
manufacture?

5 With the aid of sketches, describe the general
principles of monocoque construction.

6 Describe, with the aid of sketches, the general
principles of composite and integral methods of
body construction.

7 Draw a sketch of a vehicle body shell and name
all the major body panels.

8 State the location and function on a vehicle body
of the following sections: (a) BC-post (b) quarter
panel (c) wheel arch (d) bonnet.

9 What is the most common form of vehicle body
construction?

10
11

12

13

14

15

16

17

18

19

20

21

22

What are the alternatives to integral construction?

What is a load-bearing stressed panel assembly?
Give examples.

What is a non-load-bearing panel assembly?
Give examples.

Explain how rigidity and strength are achieved in
monoconstruction.

Describe the location and function of the front
and rear bulkheads.

Give a brief description of the following early
vehicle body styles: coupé, cabriolet, limousine,
saloon.

What is meant by a veteran vehicle? Name and
describe three such vehicles.

Name two people who were associated with the
early development of the motor vehicle, and state
their involvement.

Explain what is meant by the semi-integral
method of construction.

Explain why it is difficult to mass produce
composite constructed vehicles.

In integral construction, what section of the body
possesses the greatest amount of strength?

What is the front section of the body shell
called, and what are its principal panel
assemblies?

Explain the role of the stylist in the design
organization.
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23

24

25
26
27

28

29
30

31

32

33

34

35

36

37
38
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Name one vehicle design stylist who has become
well known during the last 25 years.

List the stages of development in the creation of
a new vehicle body design.

State the definition of the symbol Cy.
Define the term CAD-CAM.

Explain the role of the clay modeller in the
structure of the styling department.

With the aid of a sketch, explain what is meant by
profile aerodynamic drag.

Explain the necessity for prototype testing.

Explain the use of dummies in safety research
and testing.

Explain the difference in manufacture between a
medium-bodied mass-produced vehicle and a
high-quality coach-built limousine.

Describe the body work styling of a Sports or GT
vehicle.

What is the difference in design between a
saloon and a hatchback vehicle?

With the aid of a sketch, explain the body styling of
a coupé vehicle.

Explain ABS as an active safety feature on a
vehicle.

How are vehicles made safe against side impact
involvement?

Explain how the airbag system works in a vehicle.

Explain the VIN number and why it is used on a
vehicle.

39

40

41
42

43

44

45

46

47

48

49

50

51

52

Name the two main types of seatbelt
arrangement which are fitted to a standard
saloon vehicle.

State the letters used in design to identify the
body pillars on a four-door saloon.

State the main purpose of a vehicle subframe.

Explain why seatbelt anchorages must be
reinforced on a vehicle body.

State why GRP bodywork is normally associated
with separate body construction.

List the design features that characterize a
vehicle body as a limousine.

Explain the necessity for a hydraulic damper in
the suspension of a motor vehicle.

Why is GRP not used in the mass production of
vehicle body shells on an assembly line?

Name one of the persons who was associated
with the early development of the motor vehicle
and state his involvement.

State the purposes of the inner reinforcement
members of a bonnet panel and say how they are
held in place.

State the reasons for swaging certain areas of a
vehicle floor pan.

Explain the importance of the use of scale
models in vehicle design.

Why are current body shapes more rounded than
previous designs?

Why are radiator grilles shaped differently on
different makes of cars?



Health and safety

The main responsibility for occupational health
and safety lies with the employer. It is the
employer who must provide a safe working envir-
onment, safe equipment and safety protection and
must also ensure that all work methods are carried
out safely.

The Health and Safety at Work Act (HASAWA)
1974 is a major piece of occupational legislation,
which requires the employer to ensure, as far as is
reasonably practicable, the health and safety of all
staff and any other personnel who may be affected
by the work carried out. The other two important
regulations affecting bodyshops are the Control
of Substances Hazardous to Health (COSHH)
Regulations 1988 and the Environmental Protection
Act (EPA) 1990. Chapter 15 provides further infor-
mation about these regulations.

2.1 Personal safety and health practices

2.1.1 Skin care (personal hygiene)
systems

All employees should be aware of the importance
of personal hygiene and should follow correct pro-
cedures to clean and protect the skin in order to
avoid irritants causing skin infections and derma-
titis. All personnel should use a suitable barrier
cream before starting work and again when recom-
mencing work after a break. There are waterless
hand cleaners available which will remove heavy
dirt on skin prior to thorough washing. When the
skin has been washed, after-work creams will help
to restore its natural moisture.

Many paints, refinishing chemicals and bodyshop
materials will cause irritation on contact with the
skin and must be removed promptly with a suitable
cleansing material. Paint solvents may cause der-
matitis, particularly where skin has been in contact
with peroxide hardeners or acid catalysts: these have

a drying effect which removes the natural oils in the
skin. There are specialist products available for the
bodyshop which will remove these types of materi-
als from the skin quickly, safely and effectively.

2.1.2 Hand protection

Body technicians and painters are constantly hand-
ling substances which are harmful to health. The
harmful effect of liquids, chemicals and materials
on the hands can be prevented, in many cases, by
wearing the correct type of gloves. To comply with
COSHH Regulations, vinyl disposable gloves must
be used by painters to give skin protection against
toxic substances. Other specialist gloves available
are: rubber and PVC gloves for protection against
solvents, oil and acids; leather gloves for hard wear
and general repair work in the bodyshop; and
welding gauntlets, which are made from specially
treated leather and are longer than normal gloves to
give adequate protection to the welder’s forearms.

2.1.3 Protective clothing

Protective clothing is worn to protect the worker
and his clothes from coming into contact with dirt,
extremes of temperature, falling objects and chem-
ical substances. The most common form of protec-
tive clothing for the body repairer is the overall a
one-piece boiler suit made from good quality cot-
ton, preferably flame-proof. Worn and torn materi-
als should be avoided as they can catch in moving
machinery. Where it is necessary to protect the
skin, closely fitted sleeves should be worn down to
the wrist with the cuffs fastened. All overall but-
tons must be kept fastened, and any loose items
such as ties and scarves should not be worn.
Protective clothing worn in the paint shop by the
spray painters should be either good quality wash-
able nylon garments, anti-static, and complete with
hood, elasticated wrists and ankles; or low-linting
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disposable coveralls, which offer a liquid barrier
protection from splashes, airborne dusts and paint
overspray. The coveralls must withstand continu-
ous exposure to a variety of chemicals and must be
suitable for protection when using isocyanate-

based two-pack paints; they also prevent the envi-
ronment being contaminated by particles from the
operator’s clothing and hair. They can be of the
one-piece variety or can have separate disposable
hoods (Figure 2.1a, b).

(b)

Figure 2.1 (a) Disposable protective coverall (b) protective coverall and face mask in use (Gramos Chemicals

International Ltd)



2.1.4 Head protection

Head protection is very important to the body
worker when working underneath a vehicle or under
its bonnet while it is being repaired. A light safety
helmet, normally made from aluminium, fibreglass
or plastic, should be worn if there is any danger
from falling objects, and will protect the head from
damage when working below vehicles. Hats and
other forms of fabric headwear keep out dust, dirt
and overspray and also prevent long hair (tied back)
becoming entangled in moving equipment.

2.1.5 Eyes and face protection

Eye protection is required when there is a possibility
of eye injury from flying particles when using
a grinder, disc sander, power drill or pneumatic
chisel, or when removing glass windscreens or
working underneath vehicles. Many employers are
now requiring all employees to wear some form of
safety glasses when they are in either the repair or
the paint areas of the bodyshop, because in any
bodyshop location there is always the possibility of
flying objects, dust particles, or splashing liquids
entering the eyes. Not only is this painful but it can,
in extreme cases, cause loss of sight. Eyes are irre-
placeable: therefore it is advisable to wear safety
goggles, glasses or face shields in all working areas.

The following types of eye protection are
available:

Lightweight safety spectacles with adjustable arms
and with side shields for extra protection. There is a
choice of impact grades for the lenses (Figure 2.2).
General-purpose safety goggles with a moulded
PVC frame which is resistant to oils, chemicals
and water. These have either a clear acetate or a
polycarbonate lens with BS impact grades 1 and 2
(Figure 2.3).

Face shields with an adjustable head harness and
deep polycarbonate brow guard with replaceable
swivel-up clear or anti-glare polycarbonate visor
BS grade 1, which gives protection against sparks,
molten metal and chemicals (Figure 2.4a, b).
Welding helmet or welding goggles  with appropri-
ate shaded lens to BS regulations. These must be
worn at all times when welding. They will protect
the eyes and face from flying molten particles of
steel when gas welding and brazing, and from the
harmful light rays generated by the arc when
MIG/MAG, TIG or MMA welding (Figure 2.5a, b).
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Figure 2.2 Lightweight safety spectacles
(Racal Safety Ltd)

Figure 2.3 General-purpose safety goggles
(Racal Safety Ltd)

2.1.6 Foot protection

Safety footwear is essential in the bodyshop envi-
ronment. Boots or shoes with steel toecaps will
protect the toes from falling objects. Rubber boots
will give protection from acids or wet conditions.
Never wear defective footwear as this becomes a
hazard in any workshop environment.
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(@) (b)

Figure 2.4 (a) Face shield (Racal Safety Ltd) (b) Face shield with protective hood (DeVilbiss Automotive
Refinishing Products)

(a) (b)

Figure 2.5 (a) Standard visor-type welding helmet (b) Standard welding goggles with hinged lenses
(Racal Safety Ltd)



2.1.7 Respiratory protection (lungs)

One of the most important hazards faced by the body-
shop worker is that of potential damage to the lungs.
Respirators are usually needed in body repair shops
even though adequate ventilation is provided for the
working areas. During welding, metal or paint prepa-
ration, or spraying, some form of protection is nec-
essary. Under the COSHH Regulations, respiratory
protection is essential and therefore must be used.

Respirators give protection against abrasive dusts,
gases, vapours from caustic solutions and solvents,
and spray mist from undercoats and finishing paint,
by filtering the contaminated atmosphere before it is
inhaled by the wearer. They may be either simple
filtering devices, where the operator’s lungs are used
to draw air through the filter, or powered devices
incorporating a battery-driven fan to draw contam-
inated air through the filters and deliver a flow of
clean air to the wearer’s face. There are four primary
types of respirator available to protect the bodyshop
technicians: dust respirators, cartridge filter respir-
ators, powered respirators, and constant-flow air line
breathing apparatus.
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Dust respirators (masks)

The most basic form of respiratory protection is the
disposable filtering half-mask, typically used when
preparing or finishing bodywork such as by rubbing
down or buffing, and where dust, mist and fumes are
a problem. This face mask provides an excellent
face seal while at the same time allowing the wearer
to speak freely without breaking the seal. Breathing
resistance is minimal, offering cool and comfortable
use. Various types of mask are available for use in a
variety of environments where contaminants vary
from nuisance dust particles to fine dusts and toxic
mists. These masks can only be used in atmospheres
containing less than the occupational exposure limit
of the contaminant (Figure 2.6a, b).

Cartridge filter mask

The cartridge filter or organic vapour type of respir-
ator, which covers the nose and mouth, is equipped
with a replacement cartridge that removes the
organic vapours by chemical absorption. Some of
these are also designed with a pre-filter to remove
solid particles from the air before the air passes

(@)
Figure 2.6 (a) Dust mask (b) Dust mask in use (Racal Safety Ltd)

(b)
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through the chemical cartridge. They are used in
finishing operations with non-toxic paints, but not
with isocyanate paints. For the vapour/particle respir-
ator to function correctly it is essential that it fits
properly against the face. Follow the manufacturer’s
instructions for changing the cartridges when spray-
ing over a continuous period (Figure 2.7a, b).

(b)

Figure 2.7 (a) Standard cartridge mask with filters
(Racal Safety Ltd) (b) Cartridge mask and protective
coveralls being used while spraying (Gramos
Chemicals International Ltd)

Powered respirators

Powered respirators using canister filters offer
protection against toxic dusts and gases. The
respirator draws contaminated air through filters
with a motor fan powered by a rechargeable
battery and supplies clean air to the wearer’s
face. This avoids discomfort and fatigue caused
by the effort of having to inhale air through
filters, permitting longer working periods. These
devices find great use both in the spray shop and
in the repair shop when carrying out welding
(Figure 2.8a, b).

Constant-flow air line breathing apparatus

The constant-flow compressed air line breathing
apparatus is designed to operate from an industrial
compressed air system in conjunction with the
spray gun. Using a waist-belt-mounted miniature
fixed-pressure regulator and a pre-filter, the equip-
ment supplies breathing quality air through a
small-bore hose to a variety of face masks and
visors to provide respiratory protection for paint
spraying (such as with isocyanates), cleaning and
grinding (Figure 2.9a, b). The COSHH Regulations
have made it mandatory for all respiratory protec-
tion equipment to be both approved and suitable
for the purpose, for the operatives to be correctly
trained in the equipment’s use and maintenance,
and for proper records to be kept.

2.1.8 Ear protection

The Noise at Work Regulations 1989 define three
action levels for exposure to noise at work:

1 A daily personal exposure of up to 85 dB(A).
Where exposure exceeds this level, suitable
hearing protection must be provided on request
(Figure 2.10).

2 A daily personal exposure of up to 90 dB(A).
Above this second level of provision, hearing
protection is mandatory.

3 A peak sound pressure of 200 pascals (140 dB).

Where the second or third levels are reached,
employers must designate ear protection zones
and require all who enter these zones to wear ear
protection. Where the third level is exceeded, steps
must be taken to reduce noise levels as far as is
reasonably practicable. In every case where there is
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(b)

Figure 2.8 (a) Airstream welding helmet (powered respirator) (b) Powered respirator in use in welding

(Racal Safety Ltd)

a risk of significant exposure to noise, assessment
must be carried out and action taken to minimize
hearing damage.

The first two noise action levels relate to exposure
over a period (one day) and are intended to cater for
the risks of prolonged work in noisy surroundings.
The third level is related to sudden impact noises
like those occurring in metal working procedures.

2.2 Fire precautions

The Fire Precautions (Places of Work) Regulations
1992 replaced and extended the old Fire Precautions
Act 1971 as from 1 January 1993. These Regula-
tions are aligned with standard practice in EC
Directives in placing the responsibility for compli-
ance on the employers. They require employers not
only to assess risks from fire, but now to include the

preparation of an evacuation plan, to train staff in
fire precautions, and to keep records. Workplaces
with fewer than 20 employees may require emer-
gency lighting points and fire warning systems. The
self-employed who do not employ anyone but
whose premises are regularly open to the public
may only require fire extinguishers and warning
signs; they will, however, need to be able to demon-
strate that there is a means of escape in case of fire.
Where five or more persons work on the premises as
employees, all assessments need to be recorded in
writing.

Most of these requirements were already covered
by existing legislation. The prime differences are
the recording of assessments, the provision of train-
ing, and the requirement that means of fighting fire,
detecting fire and giving warning in case of fire, be
maintained in good working order.
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(a) (b)

Figure 2.9 (a) Visionair constant-flow breathing apparatus (b) Operator wearing complete constant-flow
breathing apparatus (Racal Safety Ltd)

2.2.1 What is fire?

Fire is a chemical reaction called combustion (usu-
ally oxidation resulting in the release of heat and
light). To initiate and maintain this chemical reac-
tion, or in other words for an outbreak of fire to
occur and continue, the following elements are
essential (Figure 2.11):

Put all three together
to result in

Figure 2.10 Ear protectors (Racal Safety Ltd) Figure 2.11 The fire triangle (Chubb Fire Ltd)



Fuel A combination substance, either solid, lig-
uid or gas.

Oxygen Usually air, which contains 21 per cent
oxygen.

Heat The attainment of a certain temperature
(once a fire has started it normally maintains its
own heat supply).

2.2.2 Methods of extinction

Because three ingredients are necessary for fire to
occur, it follows logically that if one or more of
these ingredients is removed, fire will be extin-
guished. Basically three methods are employed to
extinguish a fire: removal of heat (cooling);
removal of fuel (starving); and removal or limita-
tion of oxygen (blanketing or smothering).

Removal of heat

If the rate of heat generation is less than the rate of
dissipation, combustion cannot continue. For
example, if cooling water can absorb heat to a
point where more heat is being absorbed than gen-
erated, the fire will go out.

Removal of fuel
This is not a method that can be applied to fire
extinguishers. The subdividing of risks can starve a
fire, prevent large losses and enable portable extin-
guishers to retain control; for example, part of a
building may be demolished to provide a fire stop.
The following advice can contribute to a com-
pany’s fire protection programme:

1 What can cause fire in this location, and how
can it be prevented?

2 If fire starts, regardless of cause, can it spread?

If so, where to?

4 Can anything be divided or moved to prevent
such spread?

W

Removal or limitation of oxygen

It is not necessary to prevent the contact of oxygen
with the heated fuel to achieve extinguishment. It
will be found that where most flammable liquids
are concerned, reducing the oxygen in the air from
21 to 15 per cent or less will extinguish the fire.
Combustion becomes impossible even though a con-
siderable proportion of oxygen remains in the atmos-
phere. This rule applies to most solid fuels although
the degree to which oxygen content must be reduced
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may vary. Where solid materials are involved they
may continue to burn or smoulder until the oxygen
in the air is reduced to 6 per cent. There are also
substances which carry within their own structures
sufficient oxygen to sustain combustion.

2.2.3 Fire risks in the workshop

Fire risks in the vehicle body repair shop cover all
classes of fire: class A, i.e. paper, wood and cloth;
class B, i.e. flammable liquids such as oils, spirits,
alcohols, solvents and grease; class C, i.e. flam-
mable gases such as acetylene, propane, butane;
and also electrical risks. It is essential that fire is
detected and extinguished in the early stages.
Workshop staff must know the risks involved and
should be aware of the procedures necessary to
combat fire. Bodyshop personnel should be aware
of the various classes of fire and how they relate to
common workshop practice.

Class A fires: wood, paper and cloth

Today wood is not used in cars, although there are
exceptions. Cloth materials are used for some main
trim items and are therefore a potential fire hazard.
The paper used for masking purposes is a prime
area of concern. Once it has done its job and is
covered in overspray it is important that it is cor-
rectly disposed of, ideally in a metal container with
a lid, and not scrunched up and thrown on the floor
to form the potential start of a deep seated fire.

Class B fires: flammable liquids

Flammable liquids are the stock materials used in the
trade for all body refinishing processes: gun cleaner
to clear finish coats, cellulose to the more modern
finishes, can all burn and produce acrid smoke.

Class C fires: gases

Not many cars run on liquid propane gas (LPG),
but welding gases or propane space heaters not
only burn but can be the source of ignition for A or
B fires.

Electrical hazards
Electricity is not of itself a class of fire. It is, how-
ever, a potential source of ignition for all of the fire
classes mentioned above.

The Electricity at Work Regulations cover the
care of cables, plugs and wiring. In addition, in
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the bodyshop the use of welding and cutting
equipment produces sparks which can, in the
absence of good housekeeping, start a big fire.
Training in how to use fire fighting equipment can
stop a fire in its early stages. Another hazard is the
electrical energy present in all car batteries. A
short-circuit across the terminals of a battery can
produce sufficient energy to form a weld and in
turn heating, a prime source of ignition. When
tackling a car fire a fireman will always try to dis-
connect the battery, as otherwise any attempt to
extinguish a fire can result in the reignition of
flammable vapours.

Body filler

A further possible source of ignition to be aware of
in general use in the body repair business is the
mixing of two materials to use as a body filler. The
result of mixing in the wrong proportions can give
rise to an exothermic (heat releasing) reaction; in
extreme cases the mix can ignite.

2.2.4 General precautions to reduce
fire risk

(a) Good housekeeping means putting rubbish
away rather than letting it accumulate.

(b) Read the manufacturer’s material safety data
sheets so that the dangers of flammable lig-
uids are known.

(c) Only take from the stores sufficient flam-
mable material for the job in hand.

(d) Materials left over from a specific job should
be put back into a labelled container so that not
only you but anyone (and this may be a fire-
man) can tell what the potential risk may be.

(e) Take care when welding that sparks or burning
underseal do not cause a problem, especially
when working in confined areas of vehicles.

(f) Be extremely careful when working close to
plastic fuel lines.

(g) Petrol tanks are a potential hazard: supposedly
empty tanks may be full of vapour. To give
some idea of the potential problem, consider
one gallon of petrol: it will evaporate into
33 ft3 of neat vapour, which will mix with air
to form 2140 ft3 of flammable vapour. Thus
the average petrol tank needs only a small
amount of petrol to give a tank full of vapour
waiting to ignite and explode.

The key to fire safety is:

1 Take care.

2 Think.

3 Train staff in the correct procedures before things
g0 wrong.

4 Ensure that these procedures are written down,
understood and followed by all personnel within
the workshop.

2.2.5 Portable extinguishers: types
and uses

The colour codes for each type of appliance are as
follows:

Red for water.

Cream for foam.

Black for CO,.

Blue for powder.

Green for halon (BCF).

Figures 2.12a—c show various types of extinguisher.
Although older fire extinguishers are colour coded,
new ones are all red in colour with labelling to
identify their contents and applications.

Water

Water is the most widely used extinguisher agent.
With portable extinguishers, a limited quantity of
water can be expelled under pressure and its direc-
tion controlled by a nozzle.

There are basically two types of water extin-
guishers. The gas (CO,) cartridge operated extin-
guisher, when pierced by a plunger, pressurizes
the body of the extinguisher, thus expelling the
water and producing a powerful jet capable of rap-
idly extinguishing class A fires. In stored pressure
extinguishers the main body is constantly under
pressure from dry air or nitrogen, and the extin-
guisher is operated by opening the squeeze grip
discharge valve. These extinguishers are available
with 6 litre or 9 litre capacity bodies and thus pro-
vide alternatives of weight and accessibility.

Foam

Foam is an agent most suitable for dealing with
flammable liquid fires. Foam is produced when a
solution of foam liquid and water is expelled under
pressure through a foam-making branch pipe at
which point air is entrained, converting the solu-
tion into a foam.
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Types of modern fire extinguishers
B.S.l. DD48:1976

Water Foam Fire blanket Powder CO, BCF
Use for wood, Use for flammable Use for Use for all fires, Use for electrical Use for electrical
paper, fabrics, liquids, oils, fats, smothering  flammable and flammable  and flammable
etc. spirits etc. liquids and liquid fires liquid fires
gases
Do not use on Do not use on
electrical or electrical fires
flammable
liquid fires

(@)

(b) (©)

Figure 2.12 (a) Types of portable fire extinguisher (b) Types of fire fighting equipment (UK Fire International
Ltd) (c) Portable fire extinguishers suitable for a bodyshop (Chubb Fire Ltd)
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Foam extinguishers can be pressurized either by
a CO, gas cartridge or by stored pressure. The
standard capacities are 6 and 9 litres.

Spray foam

Unlike conventional foams, aqueous film forming
foam (AFFF) does not require to be fully aspirated
in order to extinguish fires. Spray foam extinguish-
ers expel an AFFF solution in an atomized form
which is suitable for use on class A and class B
fires. AFFF is a fast and powerful means of tackling
a fire and seals the surfaces of the material, prevent-
ing re-ignition. The capacity can be 6 or 9 litres,
and operation can be by CO, cartridge or stored
pressure.

Carbon dioxide

Designed specifically to deal with class B, class C
and electrical fire risks, these extinguishers
deliver a powerful concentration of carbon diox-
ide gas under great pressure. This not only smoth-
ers the fire very rapidly, but is also non-toxic and
is harmless to most delicate mechanisms and
materials.

Dry powder

This type of extinguisher is highly effective against
flammable gases, open or running fires involving
flammable liquids such as oils, spirits, alcohols,
solvents and waxes, and electrical risks. The pow-
der is contained in the metal body of the extin-
guisher from which it is supplied either by a sealed
gas cartridge, or by dry air or nitrogen stored under
pressure in the body of the extinguisher in contact
with the powder.

Dry powder extinguishers are usually made in
sizes containing 1 to 9 kg of either standard pow-
der or (preferably and more generally) all-purpose
powder, which is suitable for mixed risk areas.

Vaporizing liquid (halon 1211, BCF)

Portable extinguishers of this type are manufac-
tured in sizes ranging from 1 to 15 kg. They are
particularly effective for dealing with class B fires
and with fires started by an electrical source.

Halon 1211 (bromochlorodifluoromethane, BCF)
has a low toxicity level, is considered to be non-
corrosive and has a long storage life. It is clean to
use and leaves no residue, thus rendering it harm-
less to delicate fabrics and machinery. However,
owing to the contribution of halons to atmospheric

ozone depletion most companies have decided to
cease production of halon 1211.

Choosing and siting portable extinguishers
Because there is such a variety of fire risks in
bodyshops, it is important to analyse these risks
separately and (with the help of experts such as fire
officers) to choose the correct fire fighting medium
to deal with each possible fire situation. It should
be noted that portable fire extinguishers are classi-
fied as first-aid fire fighting and are designed for
ease of operation in an emergency. It is important
to realize that because they are portable they have
only a limited discharge. Therefore their siting,
together with an appreciation of their individual
characteristics, is fundamental to their success in
fighting fire (Figure 2.13).

2.3 Safety signs in the workshop

It is a legal requirement that all safety signs used in
a bodyshop comply with BS 5378: Part 1. Each of
these signs is a combination of colour and design,
within which the symbol is inserted. If additional
information is required, supplementary text may be
used in conjunction with the relevant symbol, pro-
vided that it does not interfere with the symbol.
The text can be in an oblong or square box of the
same colour as the sign, with the text in the rele-
vant contrasting colour, or the box can be white
and the text black.

BS 5378 divides signs into four categories
(Figure 2.14):

Prohibition Prohibition signs have a red circular
outline and crossbar running from top left to bot-
tom right on a white background (Figure 2.15a).
The symbol displayed on the sign must be black
and placed centrally on the background, without
obliterating the crossbar. The colour red is associ-
ated with ‘stop’ or ‘do not’.

Warning Warning signs have a yellow triangle
with a black outline (Figure 2.15b). The symbol or
text used on the sign must be black and placed cen-
trally on the background. This combination of
black and yellow identifies caution.

Mandatory Mandatory signs have a blue circular
background (Figure 2.15c). The symbol or text
used must be white and placed centrally on the
background. Mandatory signs indicate that a spe-
cific course of action is to be taken.
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Figure 2.13 Which extinguisher to use (Chubb Fire Ltd)

Key to British and European Standard safety signs

O A

Praohibition Warning
Don't do Risk of danger

Figure 2.14 Standard safety signs

Safe condition The safe condition signs provide
information for a particular facility (Figure 2.15d)
and have a green square or rectangular background
to accommodate the symbol or text, which must be
in white. The safety colour green indicates ‘access’
or ‘permission’.

Safe condition Mandatory
The safe way Must do

Fire safety signs are specified by BS 5499, which
gives the characteristics of signs for fire equip-
ment, precautions and means of escape in case of
fire (Figure 2.16). It uses the basic framework
concerning safety colours and design adopted by
BS 5378.
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2.4 General safety precautions in the
workshop

The Health and Safety at Work Act imposes on
employers a statutory duty to ensure safe working
conditions and an absence of risk in the use of equip-
ment and the handling of materials, and to comply
with Regulations regarding safe working practices in

Prohibition signs

No smoking

Not drinking water

Do not operate

®
®

Figure 2.15 (a) Prohibition signs (b) Warning signs

Do not extinguish with water

Smoking and naked flames
prohibited

order to reduce to a minimum the hazards to health
and safety associated with vehicle body repair work.
To skilled and experienced operators this does not
mean that any additional restrictions are imposed on
their activities, but merely that they should carry out
their tasks with constant regard for the health and
safety of themselves and their fellow workers.

Warning signs

Caution, risk of

fire

Caution, risk of explosion

Caution, toxic hazard

Caution, laser beam

Caution, corrosive
substance




Mandatory signs
Safe condition signs

Eye protection must be worn
First aid

. Indication of direction (may

Head protection must be worn be used in conjunction with

A.4.1)

Hearing protection must be worn Emergency eye wash

Respiratory protection must Emergency telephone
be worn \

e~

Foot protection must be worn Emergency stop push-button

Hand protection must be worn

000

(c)
Figure 2.15 (c) Mandatory signs (d) Safe condition signs
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Fire
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Fire

extinguisher

Fire
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Foam

extinguisher

Water

extinguisher

Not to be
used on

electrical
fires

Fire alarm ‘ Fire point

Figure 2.16 Fire signs

Particular hazards may be encountered in the
bodyshop, and safety precautions associated with
them are as follows:

1

Do wash before eating, drinking or using toilet
facilities to avoid transferring the residues of
sealers, pigments, solvents, filings of steel, lead
and other metals from the hands to the inner
parts and other sensitive areas of the body.

Do not use kerosene, thinners or solvents to
wash the skin. They remove the skin’s natural
protective oils and can cause dryness and irri-
tation or have serious toxic effects.

Do not overuse waterless hand cleaners, soaps
or detergents, as they can remove the skin’s
protective barrier oils.

Always use barrier cream to protect the hands,
especially against fuels, oils, greases, hydro-
carbon solvents and solvent-based sealers.

Do follow work practices that minimize the
contact of exposed skin and the length of time
liquids or substances stay on the skin.

Do thoroughly wash contaminants such as used
engine oil from the skin as soon as possible
with soap and water. A waterless hand cleaner
can be used when soap and water are not avail-

10

12
13

14

15

16

17

18

able. Always apply skin cream after using
waterless hand cleaner.

Do not put contaminated or oily rags in pock-
ets or tuck them under a belt, as this can cause
continuous skin contact.

Do not dispose of dangerous fluids by pouring
them on the ground, or down drains or sewers.
Do not continue to wear overalls which have
become badly soiled or which have acid, oil,
grease, fuel or toxic solvents spilt over them.
The effect of prolonged contact from heavily
soiled overalls with the skin can be cumula-
tive and life threatening. If the soilants are or
become flammable from the effect of body
temperature, a spark from welding or grinding
could envelop the wearer in flames with dis-
astrous consequences.

Do not clean dusty overalls with an air line: it
is more likely to blow the dust into the skin,
with possible serious or even fatal results.

Do wash contaminated or oily clothing before
wearing it again.

Do disguard contaminated shoes.

Wear only shoes which afford adequate pro-
tection to the feet from the effect of dropping
tools and sharp and/or heavy objects on them,
and also from red hot and burning materials.
Sharp or hot objects could easily penetrate
unsuitable footwear such as canvas plimsolls
or trainers. The soles of the shoes should also
be maintained in good condition to guard
against upward penetration by sharp or hot
pieces of metal.

Ensure gloves are free from holes and are
clean on the inside. Always wear them when
handling materials of a hazardous or toxic
nature.

Keep goggles clean and in good condition. The
front of the glasses or eyepieces can become
obscured by welding spatter adhering to them.
Renew the glass or goggles as necessary. Never
use goggles with cracked glasses.

Always wear goggles when using a bench
grindstone or portable grinders, disc sanders,
power saws and chisels.

When welding, always wear adequate eye pro-
tection for the process being used. MIG/MAG
welding is particularly high in ultraviolet radia-
tion which can seriously affect the eyes.
Glasses, when worn, should have ‘safety’ or
‘splinter-proof’ glass or plastic lenses.



19 Always keep a suitable mask for use when
dry flatting or working in dusty environments
and when spraying adhesive, sealers, solvent
carried waxes, and paints.

20 In particularly hostile environments such as
when using volatile solvents or isocyanate
materials, respirators or fresh air fed masks
must be worn.

21 Electric shock can result from the use of faulty
and poorly maintained electrical equipment or
misuse of equipment. All electrical equipment
must be frequently checked and maintained in
good condition. Flexes, cables and plugs must
not be frayed, cracked, cut or damaged in any
way. Equipment must be protected by the
correctly rated fuse.

22 Use low-voltage equipment wherever possible
(110 volts).

23 In case of electric shock:

(a) Avoid physical contact with the victim.

(b) Switch off the electricity.

(c) If this is not possible, drag or push the
victim away from the source of the elec-
tricity using non-conductive material.

(d) Commence resuscitation if trained to
do so.

(e) Summon medical assistance as soon as
possible.

2.5 Electrical hazards

The Electricity at Work Act 1989 fully covers the
responsibilities of both the employee and the
employer. As a body repairer you are obliged to
follow these regulations for the protection of your-
self and your colleagues. Some of the important
points to be aware of are given below.

2.5.1 Voltages

The normal mains electricity voltage via a three-pin
socket outlet is 240 volts; heavy duty equipment
such as vehicle hoists use 415 volts in the form of a
three-phase supply. Both 240 volt and 415 volt sup-
plies are likely to kill anybody who touches them.
Supplies of 415 volts must be used through a pro-
fessionally installed system. If 240 volts is used for
power tools, then a safety circuit breaker should be
used. A safer supply for power tools is 110 volts;
this may be wired into the workshop as a separate
circuit or provided through a safety transformer.
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Inspection hand-lamps are safest with a 12 volt sup-
ply; but for reduced current flow 50 volt hand-lamp
systems are frequently used.

2.5.2 Check list

Before using electrical equipment the body repairer
is advised to check the following:

1 Cable condition — check for fraying, cuts or
bare wires.

2 Fuse rating — the fuse rating should be correct
for the purpose as recommended by the equip-
ment manufacturer.

3 Earth connection — all power tools must have
sound earth connections.

4 Plugs and sockets — do not overload plugs and
sockets, ensure that only one plug is used in
one socket.

5 Water — do not use any electrical equipment in
any wet conditions.

6 PAT testing — it is a requirement of the
Electricity at Work Regulations that all portable
electrical appliances are tested regularly, they
should be marked with approved stickers and
the inspection recorded in a log.

2.6 COSHH

The Control of Substances Hazardous to Health
regulations require that assessments are made of all
substances used in the body repair shop, for
instance paint and body filler. This assessment must
state the hazards of using the materials and how to
deal with accidents arising from misuse. Your
wholesale supplier will provide you with this infor-
mation as set out by the manufacturer in the form of
either single sheets on individual substances, or a
small booklet covering all the products in a range.

2.7 RIDDOR

The Reporting of Injuries, Diseases and Dangerous
Occurrences Regulations 1995 require that certain
information is reported to the Health and Safety
Executive (HSE). This includes the following:

1 Death or major injury — if an employee or
member of the public is killed or suffers major
injury the HSE must be notified immediately
by telephone.

2 Over-three-day injury — if as the result of an
accident connected with work an employee is
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absent for more than three days an accident
form must be sent to the HSE.

3 Disease — if a doctor notifies an employer that
an employee suffers from a reportable work-
related disease then this must be reported to
the HSE.

4 Dangerous occurrence — if an explosion or
other dangerous occurrence happens, this must
be reported to the HSE, it does not need to
involve a personal injury.

2.8 Maintain the health, safety and
security of the work environment

2.8.1 Guidelines, statutory regulations
and safe systems for health and
safety protection are followed

It is the duty of every employee and employer in
the motor industry to comply with the statutory
regulations relating to health and safety and the
associated guidelines which are issued by the vari-
ous government offices. That means you must
work in a safe and sensible manner. A body
repairer is expected to follow the health and safety
recommendations of his/her employer; employers
are expected to provide a safe working environ-
ment and advise on suitable safe working methods.
The current regulations which affect those who
work in the motor repair industry are given in this
long list which you are not expected to remember:

Factories Act 1961

Offices, Shops and Railway Premises Act 1963

Abrasive Wheels Regulations 1970

Fire Precautions Act 1971

Highly Flammable Liquids and Liquefied Petroleum
Gas Regulations 1972

Health and Safety at Work Act 1974

Eye Protection Regulations 1974

Control of Lead at Work Regulations 1980

Health and Safety (First Aid) Regulations 1981

Reporting of Injuries, Diseases and Dangerous
Occurrences Regulations 1985

Control of Substances Hazardous
Regulations 1988

Electricity at Work Regulations 1989

Noise at Work Regulations 1989

Pressure Systems and Transportable Gas Containers
Regulations 1989

to Health

A trainee body repairer is expected to appreciate
the principal requirements of the three main regu-
lations. So you will need to remember the names
of the following regulations and say how they
affect you at work.

Factories Act This sets out specific regulations
relating to: working temperature and heating of
buildings, fitting of machine guards, lighting of the
working area, control of dust, fire escape provision,
washing and toilet facilities and rest rooms. The
Factories Act was aimed at employers, it was
designed to make factories, including garages, better
places to work. The trainee body repairer can help
the employer comply with this Act by working in a
clean and tidy manner and reporting any breakages,
or shortages, immediately to the chargehand or sen-
ior technician.

For example, if the barrier cream dispenser is
empty, see the chargehand for permission to install
a refill from stores.

Health and Safety at Work Act 1974 (HSWA)
This states that it is the duty of every employee to
work in a safe and secure manner that will not
cause any harm or injury to the individual or any-
body else, also to take care of any safety equip-
ment and to cooperate with employers to comply
with any related regulations. The HSWA was
designed to cover the areas of work which the
Factories Act did not cover, for instance schools
and colleges, especially their motor vehicle work-
shops. You will not find any specific statements in
the HSWA, but the guidelines issued by govern-
ment bodies and trade associations interpret how
the HSWA should be read.

As a trainee you must follow the health and safety
advice issued by your employer, unless you know
that it is wrong, in which case you should point this
out and seek advice from your union safety repre-
sentative. You must not damage any equipment
which is provided for your use, nor knowingly break
any health and safety regulations. It is your duty in
the eyes of the law to know about the regulations
which affect you; in practice you will learn them as
you learn your trade. But using common sense and
thinking before you act is always good policy, as is
asking questions about things you do not know.

Control of Substances Hazardous to Health
Regulations 1974 (COSHH) These require that



substances used in the workplace are correctly
labelled and instructions for their safe storage and
use are available.

This means almost any substance which you are
likely to find in a garage, but particularly oils,
greases, paints, brake fluid, battery acid and clean-
ing materials. As a trainee mechanic you should
take time to read the information which your
employer has provided on the substances, these are
known as COSHH sheets and will be available
from either the service department office or the
parts department workshop counter.

2.8.2 Identified hazards in the
immediate working environment
are removed where possible

You must work in a safe manner or you are breaking
the HSWA and are liable to a fine of up to £2000
and/or imprisonment. This means following the safe
working practices which are normally used within
the industry. The guidelines published by the Health
and Safety Executive (HSE) and motor vehicle text-
books usually identify industry accepted safe work-
ing practices. Examples of important procedures are:

1 Always use axle stands when a vehicle is
jacked up.

2 Always use an exhaust extractor when running
an engine in the garage.

3 Always wear overalls, safety boots and any other
personal protective equipment (PPE) when it is
needed, for example safety goggles when grind-
ing or drilling and a breathing mask when work-
ing in dusty conditions.

4 Always use the correct tools for the job.

Even if you are working in a safe and careful man-
ner you are still likely to spill the odd small amount
of fluid or snag the airline, this will then create a
hazard. The procedure here is always to remove the
hazard, no matter how it was created, immediately.
If you spill petrol or oil when you disconnect a
pipe from the engine you should clean it up imme-
diately or else you, or a colleague, may slip and
fall. Absorbent granules should be used for this
job, as they will soak up the liquid without causing
a fire hazard or making the floor more slippery.
Brake fluid is a special hazard because if it is
spilled on the vehicle’s paint work it will soften the
paint and may cause it to peel off, just like paint
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stripper. Therefore any spilled brake fluid should
be wiped off immediately and the paint surface
washed and polished if needed. Antifreeze spilled
on paintwork will soften the paint surface and
cause discoloration, so it too must be wiped off
immediately with absorbent paper roll or towel and
washed down if needed.

When working on any system which contains flu-
ids it is good practice to use a drip-tray to catch any
possible spillages, this saves having to clean the floor
as well as ensuring that all the used oils and fluids
are disposed off safely, that is, you can pour them
from your drip-tray into your disposal container. The
Environment Protection Act requires that you dis-
pose of used oils and other fluids in a way which will
not cause pollution. In practice many vehicle manu-
facturers now collect used oil and brake fluid for
recycling or safe disposal. Smaller garages without
franchises will dispose of these liquids either through
a private waste collection company or through a
scheme in conjunction with the local authority. No
waste oil, petrol, brake fuid or similar chemicals
must be allowed to enter the drainage system.

Exhaust fumes are very dangerous, they can kill
you. Small intakes of exhaust fumes will give you
bad headaches, and over time can cause lung
and/or brain diseases so ensure that you do not run
a vehicle in a workshop without an exhaust extrac-
tor. Also ensure that the extractor pipe is correctly
connected and is not leaking.

The airline used in most garages operates at
between 100 and 150 psi (7 and 10 bar), this is a
very high pressure, so it must be handled with
great care. When you are using an airline always
wear safety goggles to prevent dust entering your
eyes. You must not use an airline for dusting off
components, especially brake and clutch parts as
the very fine dust can cause damage to the throat
and lungs. Before you use an airline ensure that the
coupling is fitted firmly into the socket and that the
pipe is not leaking anywhere along its length. Any
damage or leaks should be immediately reported to
your supervisor or manager so that they can be
repaired. The high pressure of the air can quickly
turn a small leak in an airline into a large gash
which in turn may make the airline wip around and
cause damage to colleagues or customers’ vehicles.

Another area of potential danger is when using
electrical equipment such as an electric drill, hand-
lamp or grinder. Most mains operated equipment
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runs at 240 volts; an electric shock from such a
voltage is most likely to kill you straight away.
Some companies use 110 volt equipment which
is operated through a transformer, this is much
safer, especially if the transformer is fitted with
an overload cutout. Hand-lamps should operate at
50 volts, or preferably 12 volts to give the highest
level of safety. Plugs should only be fitted to elec-
trical equipment by skilled persons, at the same
time a fuse of the correct amperage rating should
be fitted and the equipment tested and logged in
accordance with the Portable Appliance Testing
Regulations (PAT testing). PAT tested equipment
should be numbered and carry a test date label.
Before you use any electrical equipment visually
check it for signs of damage and check that the
cable is not frayed or split. Then ensure that you
plug it into the correct voltage outlet. Do not
attempt to use any electrical equipment which you
suspect may be faulty; report the fault immediately
to your supervisor.

2.8.3 Where identified hazards cannot
be removed, appropriate action is
taken immediately to minimize risk
to own and others’ health and safety

This section is about those situations where the haz-
ards cannot be readily removed, that is, how do you
behave in accident situations, or when equipment
malfunctions and you can see an accident about to
happen? Most mechanics are only likely to
encounter such problems every few years, but the
professional is the person who can save the day.
The following is an example of where a service
manager colleague came to the rescue. The central
locking and the car alarm on a six-month-old vehi-
cle malfunctioned. A small child was trapped in the
vehicle; it was a very hot day at a local car boot
sale. The mother and child were hysterical, the
father had gone for the fire brigade; other members
of the public just watched. The mother shouted for
help. My quick-witted friend grabbed a screwdriver
off one of the stalls, inserted it behind the rear quar-
terlight rubber and levered out the glass, put his
hand inside the car, opened the door and released
the child. The panic was over.

There were other ways in which this situation
could have been dealt with, but this one was
acceptable because it provided a very quick solution

and caused the minimum amount of damage to the
vehicle. The important point is that people come first
and property second, although the amount of damage
to the property should be kept to the minimum.

Working by the roadside is always hazardous,
but you can minimize the risks by following a few
simple rules:

1 Always wear a reflective safety vest (bright

green or orange).

Use the warning triangle and hazard lights.

Use the flashing lamp on your recovery vehicle.

Only work on hard and level ground.

If you are on the hard shoulder get as far over

to the left as possible.

Always use props when vehicle cabs or other

panels are raised.

7 Think through the possible hazards, never take
risks.

8 Have the vehicle towed to the workshop if
necessary.
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Often it is better to do nothing than cause damage,
this is referred to as preserving the situation. Many
times things look different after a cup of tea, or
you have had time to check it out with a colleague.

2.8.4 Dangerous situations are reported
immediately and accurately to
authorized persons

As a trainee in the motor industry your company
will require you to report any dangerous situations
to your supervisor; this will be a person that you
know as the chargehand, foreperson or service
manager. Any internal matter should in the first
instance be reported to one of these people — you
will know who this is from your induction training.
However, if you are working alone or the matter is
not a company one, then you must inform the rele-
vant authority. The four emergency services in the
UK are Police, Fire, Ambulance and Coast Guard.
To call them use any telephone and dial 999.

2.8.5 Suppliers’ and manufacturers’
instructions relating to safety
and safe use of all equipment
are followed

Many pieces of garage equipment are marked
‘only to be used by authorized personnel’. This is
mainly because incorrect use can cause damage to



the equipment, the workpiece or the operator. Do
not operate equipment which you have not been
properly trained to use and have not been given
specific permission to use.

The suppliers of garage equipment issue operat-
ing instructions, and as part of your training you
must read these instruction booklets so that you
will understand the job better. You will also find
that certain safety instructions are marked on the
equipment. The vehicle hoist (ramp), hydraulic
jack and other lifting equipment are marked with
the Safe Working Load (SWL) in either tonnes or
kilogrammes. You must ensure that you do not
exceed these maximum load figures.

Some items of equipment have two-handed con-
trols or deadman grips — do not attempt to operate
these items incorrectly.

2.8.6 Approved/safe methods and
techniques are used when lifting
and handling

Do not attempt to manually carry a load which you
cannot easily lift and which you cannot see above
and around. The maximum weight of load that you
should lift is 20 kilogrammes, but as a trainee this
may still be too heavy for you.

When you are lifting items from the floor always
keep your back straight and bend your knees.
Bending your back whilst lifting can cause back
injury. If you keep your feet slightly apart this will
improve your balance. It is always a good idea to
wear safety gloves when manually lifting.

Hoists and jacks are available for lifting vehi-
cles; hydraulic or chain-operated equipment is
available for lifting engines; hydraulic devices are
available to lift gearboxes. For moving equipment
and heavy components you should have either a
trolley or a sack-truck.

You are advised to seek the assistance of a col-
league when moving a heavy load even when you
are using lifting equipment.

2.8.7 Required personal protective
clothing and equipment are worn
for designated activities and in
designated areas

The following table lists typical items of personal
protective equipment (PPE) and states when they
must be worn.
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PPE Usage

all the time
all the time
dealing with dirty or oily items

cotton overalls (boiler suit)
safety footwear
disposable gloves

‘rubber gloves’ operating the parts cleaning
bath

reinforced safety gloves lifting heavy/sharp edged
items

dust mask rubbing down body filler or
dusty items
breathing apparatus and certain types of spray painting

paper coveralls

goggles using a grinder or drill
waterproof overalls steam or pressure cleaning
and boots

You will often see safety notices requiring you to
wear certain PPE in some areas at all times, this is
because other people are working in the area and you
may be at risk. Hard hats are sometimes required
when working underneath vehicles on a hoist.

2.8.8 Injuries involving individuals are
reported immediately to competent
first aiders and/or appropriate
authorized persons and appropriate
interim support is organized to
minimize further injury

Should there be an accident the first thing to do is
call for help. Either contact your supervisor or a
known first aid person. Should any of these not be
available, and it is felt appropriate, call for your
local doctor or an ambulance.

You are not expected to be a first aid expert, nor
are you advised to attempt to give first aid unless
you are properly qualified. However, as a profes-
sional in the motor industry you should be able to
preserve the scene, that is, prevent further injury and
make the injured person comfortable. The following
points are suggested as ones worth remembering:

1 Switch off any vehicle or power source.

2 Do not move the person if injury to the back or
neck is suspected.

3 In the case of electric shock turn off the elec-
tricity supply.

4 In the case of a gas leak, turn off the gas
supply.

5 Do not give the person any drink or food, espe-
cially alcohol, in case surgery is needed.

6 Keep the person warm with a blanket or coat.
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7 If a wound is bleeding heavily, apply pressure
to the wound with a clean bandage to reduce
the loss of blood.

8 If a limb has been trapped, use a safe jack to
free the limb.

2.8.9 Visitors are alerted to potential
hazards

The best policy is not to let customers into the
workshop — many garages have a notice to this
effect on the workshop door. For MOT purposes
garages must have a customer viewing area.
However, it is not always possible to keep people
out of the workshop. Insurance company assessors
and RAC/AA engineers will probably also require
entry to the workshop as well as some customers
who are concerned about their vehicles. So, before
allowing them into the workshop you should warn
them of potential hazards. For instance the dangers
of oil and grease and the requirement to wear a
hard hat.

It is always a good idea to accompany customers
when they are in the workshop, this way you can
advise them in the event that they may do some-
thing potentially dangerous or if there is a hazard
of which they may not be readily aware.

2.8.10 Injuries resulting from accidents
or emergencies are reported
immediately to a competent first
aider or appropriate authority

If a person is injured the first action must be
to ensure that first aid is given by a competent first
aider or other suitable person. Most companies
have a designated first aider who is trained to deal
with accidents and emergencies. If your company
has no such a person on the staff then you will
have a designated person who you must contact in
the event of a colleague being injured. That person
may be your supervisor or another senior member
of the staff. If no manager or other senior person is
available you should either dial 999 for an ambu-
lance or telephone your company doctor, then
inform the garage manager.

2.8.11 Incidents and accidents are
reported in an accident book

By law all companies are required to maintain
records of accidents which take place at work.

These records are usually kept in an accident book.
Accident books may be inspected by HSE inspec-
tors (generally referred to as factory inspectors);
they must be kept for a period of at least three
years from the date of the last entry.

The information which is required to be
recorded in the accident book is:

Name and address of injured person

Date, time and place of accident/dangerous
occurrence

Name of person making the report and date of
entry Brief account of accident and details
of any equipment/substances which were
involved.

It is always a good idea to keep a notepad to help
remind you which way round things go when
working on unfamiliar vehicles, this would also be
useful for making any other notes, such as those
about an accident.

2.8.12 Where there is a conflict over
limitation of damage priority is
always given to the person’s
safety

You can always buy a new wing for a car, but you
cannot buy a new arm for a mechanic. In the event
of an accident people come first. For instance if a
building is on fire, do not re-enter to retrieve your
belongings, wait until the fire is out and there is no
risk before going back into the building. If a car is
about to fall off a jack, get out of the way, do not
try to catch the car with your hands or some such
other dangerous action.

2.8.13 Professional emergency services
are summoned immediately by
authorized persons in the event of
a fire/disaster

An authorized person is somebody who has
the task of carrying out a specific job. Anybody
may call the emergency services if they are
needed.

The four emergency services are:

Police

Fire
Ambulance
Coastguard.



All are called by dialling 999 on an outside-line
telephone. The emergency services operator will
ask you which service you require. In certain cases
the police will automatically be called, for instance
in the case of a severe fire.

All emergency telephone calls are recorded on
tape at the telephone exchange. You will be asked
for your name, the place where the emergency is
and where you are calling from. With the introduc-
tion of electronic telephone exchanges the number
which you are calling from is automatically
recorded, and you will be asked for the number to
help confirm that your call is not a hoax.

Many companies have a direct telephone line to
the fire station, and these automatically call the fire
service if a fire is detected by sensors or by break-
ing the glass of a fire alarm. In such cases, if the
fire service is called out and there is not a fire, they
may charge the company a large fee. So, do not
tamper with such a device unless you are author-
ized to do so or there is a dangerous fire.

2.8.14 Alarm/alert/evacuation systems
are activated immediately by
authorized persons

Generally only senior staff (managers) are allowed
to operate alarms and other forms of alert/evacua-
tion systems. This is because of the costs which
may be involved if the fire service is called out
wrongly and the damage which may occur if staff
and/or customers panic.

In the case of a fire the normal alarm is a form
of siren or bell. For other emergencies say a seri-
ous injury, an audible warning from a speaker
announcement system (often called a tannoy) may
be used. In a garage these are usually operated
from the service department office.

2.8.15 Selection of fire extinguishers is
appropriate for a given type of fire

There are five different types of fire extinguishers
in common use in garage premises, these are identi-
fied by their colour, as given in the following table:

Colour Type

red water

cream foam

green vaporizing liquid
blue dry chemical powder
black carbon dioxide
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In addition there are ‘fire buckets’ full of sand, and
‘fire blankets’.

Before you use any fire extinguisher you must
ask yourself three questions:

1 Can the fire be put out easily?

2 If it cannot be put out easily can the spread of
the fire be slowed down or stopped without risk
by using an extinguisher?

3 Which fire extinguisher should be used?

To help you to choose the correct fire extinguisher,
fires are classified into four classes:

Class Description Colour of
extinguisher
class A fires of solid material, red
such as wood, paper,
cloth, rubber
class B fire of liquids, such as black, blue or green
petrol, paraffin,
brake fluid
class C fires involving leaking cream or blue
gas such as acetylene,
Calor or natural gas
class D fires of metals which blue, but it must

burn, such as
magnesium and nickel

be an inert dry
powder

Liquid and gas fires are easily spread by using
water, water can also conduct electricity.

Let us look at a few typical examples of fires
which sometimes occur in garages:

1 Petrol spillage fire — if this is on the forecourt
the need is for quick action. The black carbon
dioxide (CO,) extinguisher will put out the fire
and not leave a mark anywhere.

2 Fire under the car bonnet, cause unknown —
blue extinguisher using dry chemical powder
is safe on both petrol and electrical fires, it
is also easily cleaned off and will not damage
the engine.

3 Fire in a rubbish bin, cause unknown — the use
of a fire bucket full of sand or a fire blanket
spread over the top of the bin should extinguish
this fire.

Fires need fuel, oxygen from the air and heat.
Remove any one of these and the fire will go out.
Most fire extinguishers tend to both starve the fire
of oxygen and lower the temperature of the fire so
that it goes out.
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2.8.16 In the event of warnings,
procedures for isolating machines
and evacuating premises are
followed

If you hear a fire/emergency warning you must fol-
low the company’s evacuation procedure — this is
usually stated on the workshop wall. If you hear a
fire alarm a typical evacuation procedure is:

1 Shut off the electricity by pressing the emer-
gency stop button.

2 Leave the premises by the nearest route, go to
assembly point (AP) 1 which is in the cus-
tomers’ car park.

3 Do NOT re-enter the building until your super-
visor tells you that it is safe to do so.

In the event of discovering a fire raise the alarm by
breaking the glass of the alarm button.

2.8.17 Reports/records are available
to authorized persons and are
complete and accurate

The Social Security (Claims and Payments)
Regulations 1979 require employers to maintain
an accident book as well as regulation 7 of the
HSWA. This book requires brief details of any
accident or dangerous occurrence to be recorded.
An approved book BI 510 is available from the
HSE direct or through most good book stores. For
more detailed information HSE Form 2508 should
be completed. HSE staff have a statutory right to
see a completed accident book or Form 2508, and
they may also ask for further information. If you
are personally involved in an accident you are
advised to keep a copy of the book entry and any
completed forms as well as your own notes on the
event. These may be useful in the event of legal
proceedings.

2.8.18 Machines and equipment are
isolated, where appropriate,
from the mains prior to cleaning
and routine maintenance
operations

You must always isolate an electrical machine
from the mains supply before either cleaning it or
carrying out any maintenance or repairs. There
are two reasons for this: first, if you touch an

electrically live part you may get an electric shock;
second, the machine may be accidentally started
which could cause injury or damage.

With portable electrical appliances this simply
means switching off and taking the plug out of the
socket.

With fixed machinery, for instance a pillar drill,
you will need to switch off the power supply at the
isolator switch. This is usually found on the wall
near the machine. Isolating this way is fine while
cleaning the machine, but for carrying out mainten-
ance or repair work it is advisable to remove the
supply fuse from the isolator box. With the fuse
removed the machine cannot be restarted if the iso-
lator is accidentally turned on by a colleague who
confuses the isolator for the one on an adjacent
machine.

2.8.19 Safe and approved methods
for cleaning machines/equipment
are used

There are three main items of cleaning equipment
used in the garage: the cleaning bath (or tank), the
pressure washer and the steam cleaner.

The cleaning bath uses a chemical solvent, this
is usually used for cleaning dirty/oily components.
The components are submerged in the solvent and
dirt is loosened with a stiff-bristled brush.

The pressure washer is used for cleaning the mud
off the underside of vehicles; water at very high
pressure will clean off mud. For hard-to-remove
dirt detergent can be added to the pressure washer.

The steam cleaner, often referred to as a steam
jenny (jenny = generator), produces hot pressur-
ized water with the option of detergent. This is
used for removing very stubborn grease and dirt,
like that found on the underside of high mileage
goods vehicles.

If you are cleaning an engine or electrical
equipment it is important not to get water inside.
Before cleaning inside an engine bay with a
pressure cleaner the electrical components and
engine inlets should be covered over with
polythene.

When cleaning portable electrical appliances be
careful not to get water on the plug, this could
cause a short circuit.

The mechanical parts of fixed machines may be
cleaned with solvents, then dried with absorbent
paper towel.



2.8.20 Appropriate cleaning and sanitizing
agents are used according to
manufacturer’s instructions

Before using any solvent, detergent or sanitizing
agent such as bleach you must read both the label
on the container and the COSHH sheet which the
manufacturer or your company has prepared.

Solvent should only be used in the cleaning bath
for which it is designed.

The pressure washer or steam jenny should only
be used with the recommended detergent.

Electrical items can be cleaned with one of the
many aerosol sprays which are available for this
purpose, but the volatile fumes which are given off
must not be breathed in.

You should remember that all cleaning agents
should be kept away from your mouth and eyes,
and contact with your skin may cause irritation or
a more serious skin disease. Always wash your
hands and any other exposed areas of skin with toi-
let soap after carrying out a cleaning task.

2.8.21 Used agents are safely disposed
of according to local and statutory
regulations

The Environmental Protection Act (EPA) and local
by-laws in most areas require that used cleaning
solvents must be disposed of safely. This means
that they must be put into drums and either col-
lected by a refuse disposal firm or taken to a local
authority amenity site where they are put into a
large tank for bulk incineration. Several local
authorities, for instance Surrey and Hampshire, are
now looking at ways of using the energy produced
by burning waste material to produce electricity.
Emptying used solvents into the drain can lead to a
heavy fine or even imprisonment.

Detergents are by their nature biodegradable,
that is, they break down, do not build up sludge
and will not explode, unlike solvents. However, if
you use large quantities of detergents, wash bays
which are fitted with the correct type of drainage
system should be used.

2.8.22 Machinery, equipment and work
areas are cleaned according to
locally agreed schedules

In your company’s Health and Safety Policy docu-
ment there will be reference to the cleaning of the
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floors and equipment in the garage and general
amenities such as toilets and rest areas. Also there
will be maintenance and repair records for the
workshop equipment which will include a regular
schedule of cleaning and inspection.

Most companies work on the basis of sweeping
down fixed machinery and floors at the end of each
day, unless the generation of dirt requires more fre-
quent attention.

On a weekly basis there will be a more thorough
cleaning programme which may include window
cleaning and wet cleaning certain areas.

Workshop equipment is usually cleaned and
inspected on a monthly basis unless there is rea-
son, such as a fault, for a more regular treatment.

2.8.23 Appropriate safety clothing and
equipment is used when working
with hazardous cleansing agents
and equipment

To protect yourself from the cleaning agents which
you are using you must, where appropriate, wear
personal protective equipment (PPE). Most clean-
ing agents are poisonous and cause irritation or
more serious complaints if allowed to come into
contact with your eyes or skin.

Whenever you are working on a motor vehicle it
is expected that you wear cotton overalls and
safety footwear. In addition the HSWA requires
that employers provide and employees wear the
appropriate PPE for hazardous jobs such as using
cleaning equipment. The general requirements are
as follows:

1 Cleaning bath — rubber protective gloves
which extend over the wuser’s wrists,
goggles and plastic apron. Avoid getting
solvent on your overalls as this can lead to
skin irritation, be especially careful not to put
solvent soaked or oily rags in your overall
pockets.

2 Pressure washer — rubber protective gloves and
goggles, waterproof (plastic) over-trousers and
jacket, and finally rubber boots (wellingtons).
The idea is to be able to take the waterproof
gear off and be dry underneath.

3 Steam cleaning plant — the hazard here is that as
well as being wet the water is scolding hot. So
the waterproof clothes must be of such a manu-
facture that they will protect the wearer from
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the high temperature, high pressure steam. This
means thick and strong over-trousers, coat,
boots, gloves and a hat. A full-face mask is used
to give complete protection.

Health and Safety issues are further discussed in
chapter 15.

Questions

1

10

11
12
13

State five basic rules concerning dress and
behaviour which demonstrate personal safety in
the workshop environment.

List five necessary precautions for safety in the
workshop and describe each one briefly.

What is meant by a skin care system as used in
the workshop?

Explain the importance of eye and face protection
in the workshop environment.

Explain the importance of protective clothing for
a body repairer and a paint sprayer.

Explain the significance of headwear and
footwear while working in the workshop.

Name the four types of respirator used in a
bodyshop.

Why have the COSHH Regulations made the use
of respiratory equipment mandatory?

State the minimum noise level at which ear
protection must be used.

With the aid of a diagram, explain the fire
triangle.

Name the three methods of fire extinction.
Explain the three classifications of fire.

Identify the correct colour code for the following
fire extinguishers: water, foam, CO,, powder,
halon.

14

15

16

17

18

19

20

21

22

23

24

25

26
27
28

29
30

Name the four categories of safety signs used in
the workshop.

Sketch and identify a safety sign used in a
bodyshop.

Name the items of personal safety equipment that
should be used when operating the following
power tools: power saw, power chisel, disc sander.

State the essential personal safety precautions to
be taken before working under a vehicle which is
on a hoist.

Give practical reasons for wearing safety gloves
in the workshop.

Identify the type of fire extinguisher that must be
used when dealing with a solvent fire.

Explain the precautions which must be taken
when handling toxic substances in a workshop
environment.

When dealing with a petrol fire, which would be
the correct type of fire extinguisher to use?

Explain the importance of the use of a barrier
cream.

Name three important Acts of Parliament which
influence the working procedures in a bodyshop.

Explain the following abbreviations: COSHH,
EPA, HASAWA.

State the health hazards associated with the use
of GRP for repairs.

What is meant by duty of care?
Describe how to safely store paint.

Describe how you might account for waste paint
products.

What is PAT testing?

Why should you not smoke or drink alcohol when
working as a vehicle repairer or refurbisher?



Hand and power
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3.1 Hand tools used in body repair work

Mass production methods have made the
present-day motor car such that it requires special
techniques, skills and tools for the rectification of
body damage. Specialist tools have been designed
to suit the varying contours and shapes of the
present all-steel bodies and panels. These tools are
made of high-carbon tool steel, which is forged
and then heat treated to give long service in the
hands of a skilled body repair worker. In a body
repair toolkit the basic tools are the hammer and
dolly. All other tools have been developed around
these, giving us the specialist tools which are
now currently available. A repair job cannot be
successfully carried out before one has completely
mastered the skill of using the planishing hammer
and dolly in coordination with each other, as this
skill is the basis of all body repair work involving
the use of hand tools.

Sections 3.2 to 3.8 describe body repair hand
tools.

3.2 Hammers

Planishing hammer

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 finalizing 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 road tar, underseal and
paint, which readily adhere to its working faces
during use. This tool is designed solely to be used
in conjunction with a dolly block; it must never be
used for chiselling or any other work which might

mark or impair the faces of the hammer, for if the
face of the hammer became marked the marks
would be transferred to the surface of the panel.
These particular hammers are generally made
with one face square. This face is usually flat,
while the other, round end is slightly domed or
crowned. However, hammers are available with the
square end domed and the round end flat, or alter-
natively with both faces flat or both faces crowned.
In practice the square end, which is usually flat, is
used for planishing on a curved surface of a panel,
or in corners, or against swaged recessed sections,
and the crowned end for reasonably flat panels.
The difference in the faces stops the panel sur-
face being marked with the edge of the hammer
when used in conjunction with the dolly block.
The weight of the planishing hammer for general
and new work ranges from 12 oz (340 g) to 16 oz
(450 g), and the handles, which are usually very
thin at the neck of the shaft for balance purposes,
are made of hickory or ash to give the hammer a
good rebound action when used with a dolly block.

Standard bumping hammer

This hammer (Figure 3.1a, b) is used for initial
roughing out of work on damaged panels. It is also
used for finalizing and finishing. The round face is
12 in (35 mm) in diameter and the square face is 11
in (38 mm) square, and the total weight is 14 oz
(395 g). The hammer is made with either flat or
crowned faces.

Light bumping hammer

This (Figure 3.1c, d) tool is ideal for work on light
gauge materials. It is used in the same manner as
the standard bumping hammer. The squared face
is 1 in (25 mm) square and the round face is 15 in
(32 mm) in diameter, and it has a weight of 12 oz
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(a)

Figure 3.1 (a) Standard bumping hammer (crowned
faces) (b) standard bumping hammer (flat faces)

(c) light bumping hammer (crowned faces) (d) light
bumping hammer (flat faces) (Sykes-Pickavant Ltd)

(340 g). This hammer is also obtainable in flat or
crowned faces.

Dinging hammer

This hammer (Figure 3.2a, b) is a long-reach
planishing hammer and is designed for careful,
controlled finishing work. It is extremely well

Figure 3.2

(a) Heavy dinging hammer (flat faces)

(b) light dinging hammer (crowned faces) (c) heavy
shrinking hammer (serrated flat face) (d) light shrinking
hammer (milled flat face) (e) light shrinking hammer
(shallow milled flat faces) (Sykes-Pickavant Ltd)

balanced and gives a very good finish when used
correctly. Hammers can be obtained for light
or heavy work with weights from 12 oz (340 g)
to 18 0z (510 g).

Shrinking hammers

Shrinking hammers (Figure 3.2c, d, e) are similar
in design to a normal planishing hammer but have
faces which, instead of being smooth, are serrated,
giving a cross-milled effect like a file. The purpose
of these serrations is to achieve a shrinking effect
when the hammer is used in conjunction with
a dolly block. This is caused by the fact that the
contact area between hammer and metal is greatly
reduced by the serrations on the face. This tool
is used largely when beating the surface on over-
stretched panel areas which have to be hot-shrunk
in order to return them to their normal contours.
Hammers are available for light or heavy shrink-
ing, according to the depth of the serrations.

Pick and finishing hammer
This tool (Figure 3.3a, b) is used in place of, or in
conjunction with, the planishing hammer. Its main
use is to pick up small, low areas on the surface of
a panel which is in the process of being repaired by
planishing. On panels that are reasonably flat, such
as door panels, parts of roof panels and bonnets,
this method of raising low areas is quick and, if car-
ried out correctly, does not unduly stretch the metal.

To lift a low area with a pick hammer, one or
two taps with the pick end of the hammer are
directed from underneath the panel under repair to
the centre of the low area. The blows stretch the
metal sufficiently to raise the surface surrounding
the point of the low spots where the blows were
struck. This slightly raised area is next tapped
down lightly with a planishing hammer or the fin-
ishing end of the pick hammer on to a suitably
shaped dolly block, and the panel is finished off by
filing with a panel file. When one becomes profi-
cient in using this tool it is possible to raise the
surface with light blows and finish off by filing
only. However, without sufficient experience there
is a danger of over-stretching the metal owing to
the inability to direct the blow accurately on to the
low area under repair.

The pick and finishing hammer has a pointed
end which is suitable for removing low spots and is
also a useful finishing hammer, having a crowned



Figure 3.3 (a) Pick and finishing hammer (crowned
face) (b) pick and finishing hammer (flat face)

(c) straight pein and finishing hammer (crowned face)
(d) straight pein and finishing hammer (flat face)

(e) curved pein and finishing hammer (crowned face)
(f) fender bumping hammer (Sykes-Pickavant Ltd)

surface on a round face of 1% in (38 mm) diameter;
it is well balanced and weighs 14 oz (395 g).

Straight pein and finishing hammers

These hammers (Figure 3.3c, d) are used in a simi-
lar manner to the pick and finishing hammer, but
are designed with either a straight or a curved
peined end which acts like a chisel, and a domed
round end which is used for planishing. They are
suitable for roughing out prior to planishing, or
in the finishing stages of planishing for stretching
small low areas. These hammers can be used
to dress out sections which are difficult to work
on owing to their awkward shape or position, such
as around lamp openings and in recessed and
moulded sections on panels.

Curved pein and finishing hammer
This tool (Figure 3.3e) is identical in use to the
straight pein and finishing hammer except that its
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curved pein end allows for greater flexibility in
dressing out sections which are difficult to work on
owing to their awkward shape or position.

Fender bumping hammer

This tool (Figure 3.3f) has a long curved head with
one face which is circular to reduce the effect of
stretching the metal when in use. This hammer is
used for roughing out and dressing out damaged
sections on panels to restore them to their correct
shape and curvature before planishing begins. The
heavy weight of this hammer, together with the
curve, makes it very effective for hammering out
difficult and inaccessible sections.

File hammer or beating file

This tool (Figure 3.4) 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 large flat
sections, where it will be found ideal for smooth-
ing and levelling out wavy panels. Two types of
beating files are available; one is flat for use on
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

Figure 3.4 Beating files (Sykes-Pickavant Ltd)
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Figure 3.5 Mallets (Sykes-Pickavant Ltd)

rubber, aluminium or plastic faced (Figure 3.5).
Some mallets have interchangeable heads so that
the correct head can be used for the material being
worked. A mallet is greatly used in the initial stages
of smoothing and roughing out of a panel prior to
planishing. When hot shrinking, the mallet is the
tool to achieve a most successful shrink because a
normal planishing hammer would tend to stretch the
metal rather than shrink it. Without a mallet, alu-
minium work would be most difficult as this metal
is so easily marked and stretched. The working
faces of the mallet must be kept in first-class order,
or marks on the surface of the metal will result.

3.3 Hand Dollies

These are either cast or drop forged steel blocks,
heat treated to provide the correct degree of hard-
ness. 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 act as a support or anvil to smooth out the
surface area of panels that have been damaged.

These dollies, together with the planishing ham-
mers, 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
the shapes and contours encountered on the ever-
changing body styles of the modern motor vehicle.

When selecting a dolly block for a particular
job, it should always be remembered that as flat a
dolly block should be used as possible for the job
in hand; then the dolly will not only cover the
panel area quicker because of its bigger face area,
but will smooth out the metal without excessive
stretching. When working on panel contours it
must be borne in mind that a dolly block having a
high-crowned surface will tend to stretch the metal
much quicker than one having a low-crowned sur-
face; hence the choice of block depends on whether
the particular section under repair needs to be
stretched quickly or just smoothed and planished
without stretching.

It is very common for the faces of the dolly blocks
to become coated with paint, road tar, or anti-drum
compounds which it picks up from the underside of
panels under repair. This coating must be removed
from the surface of the dolly block so that when it
is used with the hammer there is a metallic contact
(metal to metal) between dolly block and work and
hammer. This contact should be heard as a ringing
noise if successful planishing is to be achieved.

Various dollies are shown in Figures 3.6 and 3.7.
Some details are as follows.

Double-ended hand dolly is conveniently designed
for a good grip with two useful surfaces, one
high crowned and one low crowned. It is ideal for
general planishing and roughing out. Its weight is
31b4 0z (1473 g).

Utility dolly forms the basis of every body kit. It
offers a variety of useful faces, and is found ideal
for working in confined spaces.

General-purpose dolly is very well shaped and easy
to hold and offers wide, low-crowned faces which
are essential when working on the new body styles.
Its weightis 2 1b 12 oz (1247 g).

Heel dolly has a low flat face with radiused corners.
It is suitable for corner and angle work and is easy
to handle because of its fairly small weight of 2 Ib
14 0z (1020 g).



Figure 3.6 (a) Shrinking dolly (b) lightweight curved
dolly or comma block (c) regular dolly (d) toe dolly
(e) round dolly (f) heel dolly (Sykes-Pickavant Ltd)

Toe dolly combines a large flat face with a low
crown on other faces and is long and thin for easy
handling in narrow sections. The bottom face is
ground flat which adds to the versatility of this
block. Its weight is 3 1b (1360 g).

Thin toe dolly has similar surfaces to the toe dolly
but is thinner and is ideal for working in awkward

(a) ()

(c) (9)

Figure 3.7 (a) Thin toe dolly (b) angle dolly (c) utility
dolly (d) general-purpose dolly (e) grid dolly

(f) double-ended dolly (g) curved dolly or comma
block (Sykes-Pickavant Ltd)
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places where other dollies cannot be used. Its
weight is 2 1b 4 0z (1020 g).

Shrinking dolly block is designed for shrinking
welded seams and reducing stretched areas prior
to filling. It has a groove down the centre of the
block into which the stretched or welded seams
can be dressed. Its weight is 3 1b (1360 g).

Grid dolly is similar in shape to the toe dolly but
has a large crowned grid face on the upper surface.
The base has a plain flat face for normal finishing
work. It has been designed to act as a shrinking
dolly when used in combination with a shrinking
hammer and the application of heat. The weight is
21b4 0z (1130 g).

Curved dolly or comma block has a long curved
face, combined with the high- and low-crowned
areas and the tapering face; it is extremely well
suited to the modern body design, and is comfort-
able to hold in difficult areas and narrow corners.
The weight is 3 Ib 6 0z (1530 g).

Round dolly is light and small and very easy to
hold. It offers high- and low-crowned faces for
work on small areas of damage. The weight is 1 Ib
10 0z (736 g).

3.4 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 con-
junction 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 anti-drum compound so
that it gives a metal-to-metal contact when used
in conjunction with a hammer. The spoon can also
be used for roughing or easing out by wedging the
spoon in between panels.

Surface spoon (Figure 3.8a) has an extra large
working area which is very slightly crowned, and
it is ideal for working in between and round struts
and brackets without much dismantling.

General-purpose spoon (Figure 3.8b) is a double-
ended body spoon and is also a basic item in most
panel beaters’ toolkits. The applications for a spoon
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Figure 3.8 (a) Surface spoon (b) general-purpose
spoon (c) high-crowned spoon (d) drip moulding
spoon (Sykes-Pickavant Ltd)

offering such different curves are many and varied
and meet the needs of modern body shapes.
High-crowned spoon (Figure 3.8c) has been designed
to offer a broad working blade with a high crown to
work in positions where other dollies and spoons
cannot be used.

Drip moulding spoon (Figure 3.8d) has a special
lip which can be hooked under the drip moulding
of the roof section and hence simplifies the repair.
The curved surface is fully finished to enable the
tool to be used as a short standard spoon.

Spring hammering spoon (Figure 3.9a) is a light
pressed steel spoon which is designed for spring
hammering on panels which have minor blemishes
in their finishing stages. The broad blade spreads
the blow evenly over a larger contact area, thereby
reducing the possibility of sinking the metal. This
spoon is not made for prying or levering.
Heavy-duty pry spoon (Figure 3.9b) is ideal for
heavy prying and roughing-out work. It has a long
low curved blade which can be inserted into very
thin sections.

Pry and surfacing spoon (Figure 3.9¢) has a short
handle which gives easy access in limited spaces
and can be used efficiently for prying behind
brackets and panel edges.

Figure 3.9 (a) Spring hammering spoon
(b) heavy-duty pry spoon (c) pry and surfacing
spoon (d) long-reach dolly spoon (e) thin spoon
(Sykes-Pickavant Ltd)

Long-reach dolly spoon (Figure 3.9d) is a special
long-handled body spoon designed to be used in
restricted spaces between double-skinned panels
such as doors and quarter panels.

Thin spoon (Figure 3.9¢) is a very special thin-
bladed spoon, the blade having a very slow taper
which permits entry into restricted spaces between
double-skinned panels which would not be possible
by using a normal spoon.

3.5 Body files

Flexible panel file

This tool (Figure 3.10a) is designed with a two-
position handle, and has a 14 in (30 cm) spring
steel backing plate to give adequate support over
the whole blade. Positioned between the two hand
grips is a turnscrew 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



(d)

Figure 3.10 (a) Flexible panel file (b) flat file
(c) half-round body file (d) abrasive file
(Sykes-Pickavant Ltd)

either straight, concave or convex. The file blades
are specially designed so that they do not remove
too much metal, and the milled serrations are wide
apart and curved to prevent clogging when filing
metal which has been painted, soldered or plastic
filled. It is important to release the tension on the
file blade after use in order to reduce the risk of
breakage if it is dropped or struck by accident.

Flat file

This file (Figure 3.10b) has a solid wood holder
designed to take a standard 14 in (30 cm) blade,
which must be used in a rigid position.
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Half-round body file

This tool (Figure 3.10c) is similar in design to the
flat file but the blade is half-round. It is very useful
for curved surfaces.

Abrasive file

This (Figure 3.10d) is not a normal file but an
abrasive holder with a wood handle having spring
clips at either end on to which can be attached an
abrasive grit paper. This tool is of greatest use
when rubbing down plastic body fillers to their
final finish.

Body file blades

These flexible, double-sided blades are produced
from a special alloy steel and heat treated. The
milled teeth allow a smooth filing operation and
are specially shaped to reduce clogging. The blades
are either flat or radiused according to the surface
to be filed.

Supercut blades are 8 tpi (teeth per inch) general-
purpose standard blades.

Standard cut blades are 9 tpi and used for soft
metals such as lead and solder fillers.

Fine cut blades are 13 tpi and used for aluminium,
copper and brass.

Extra fine cut clades are 17 tpi and suitable for cast
iron, steel or any narrow section of metal.

Plasticut blades are 6.5 tpi and used for plastic
body fillers only.

3.6 Hand snips

The offset combination of universal snips is
preferred by the panel beater when cutting thin
gauge metal. Universal snips (Figure 3.11a, b) 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-
hand 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-hand pair
of snips the waste metal passes to the right of
the cutting blades, leaving the undistorted sheet
or panel on the left. Snips can be obtained in
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Figure 3.11
straight snips (Sykes-Pickavant Ltd)

varying sizes with either straight or crank hand-
les. A straight pair of snips is often necessary for
long straight cuts (Figure 3.11c).

Section 3.15.1 gives further information on hand
snips.

3.7 Specialist panel beating tools

Panel puller

This tool (Figure 3.12) comprises a long steel rod
with a cross T-piece at the top which acts as a hand
grip. At the other end a fixed hexagonal nut holds a
strong self-tapping screw, while a heavy cylindrical
weight can slide up and down the shaft against a
stop which is near the handle. This tool has been
designed to pull out dents and creases from the
face side of the panel without the necessity of
removing the trim and lining materials to gain
access behind the dents. It can also be used on
double-skinned panels where access is impossible
with conventional tools.

(b) (©)

(a) Universal combination snips RH (b) universal combinations snips LH (c) standard pattern

The panel puller is used by drilling a 3 in
(3.175 mm) diameter hole at the deepest part of the
dent, then inserting the self-tapping screw in the

Figure 3.12 Panel pullers (Sykes-Pickavant Ltd)



hole and screwing it until a firm grip is obtained.
One hand holds the T-bar while the other pulls the
sliding weight towards the stop; there the weight
rebounds, forcing the dented panel out under the
impact of the blow.

Zipcut spot-weld remover

The Zipcut spot-weld remover (Figure 3.13) is used
with an electric or air drill, and is ideal for removing
spot welds on all areas of bodywork and subframes.
The cutter blade A is reversible with two cutting
edges. Adjustment B provides for varying depth of
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cut so that only the upper panel is released (c), leav-
ing the original spot weld behind on the lower panel.

Cone drills or variable hole cutters

These are special alloy steel drill bits which
have been hardened to give a fine cutting edge
(Figure 3.14a). They are shaped like a cone and fit
in the chuck of a standard power drill. The hole
diameter can vary from 6 to 40 mm depending on
the hole cutter in use. These cutters are used for
fitting wing mirrors, aerials and rubber grommets
into body structures.

e
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==

Spot-welded panel

Figure 3.13 Zipcut spot-weld remover (Sykes-Pickavant Ltd)
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Figure 3.14 (a) Cone drills or variable hole cutters (b) cobalt drills or spot drills (Sykes-Pickavant Ltd)
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Cobalt drills or spot drills

These are special alloy steel drills to which
cobalt has been added to give a very hard sharp
cutting edge (Figure 3.14b). The design of the
cutting edge allows spot welds to be drilled out
of panel assemblies without creating any panel
distortion.

Impact driver

The impact driver (Figure 3.15) will loosen or
tighten the most stubborn screws, nuts and bolts.
The tool is supplied with a complete range of inter-
changeable bits.

Figure 3.15 Impact driver (Sykes-Pickavant Ltd)

Body trim tool

This is a universal spring steel tool for removing
body trims and clips, and also weather strips, door
trims, headlamp fittings, windscreen clips, plastic
mouldings, motifs and badges (Figure 3.16a).

Door handle spring clip removers

These are specially designed pliers for fitting
or removing the spring clips used on many modern
door handles. One jaw sets in the neck of the
spring whilst the other grips the other end, and the
whole spring is then levered out (Figure 3.16b).

Trim panel remover

This tool is designed to remove vehicle trim
panels, upholstery and roof liners without damage
(Figure 3.16c¢). It also fits a wide variety of button-
type fasteners used on vehicle trim.

Door hinge pin remover and replacer

This is designed for the removal and replacement
of hollow hinge pins used on vehicle door hinges
(Figure 3.16d).

Figure 3.16 (a) Body trim tool (b) door handle spring
clip remover (c) trim panel remover (d) door hinge pin
remover and replacer (e) corrosion assessment tool
(f) bendable files (Sykes-Pickavant Ltd)



Corrosion assessment tool

This tool has been designed for vehicle inspec-
tion (Figure 3.16e). It acts as a combined tapping
hammer, blunt scraper and short lever. It has been
introduced to standardize the methods of corrosion
assessment employed by MOT testers, and is ideal
for bodyshops conducting pre-MOT checks and
assessment for corrosion.

Bendable file

This tool is a standard round file but it can be bent
to the desired shape, which allows it to be used
in difficult locations where a normal straight file
would not have easy access (Figure 3.16f).

Clamps

Sheet metal clamp (Figure 3.17a) is a general-
purpose clamp which can be locked on to sheet
metal with a powerful quick-release grip, making
panel assembly and tack welding procedures much
easier operations.

Welding clamp (Figure 3.17b) has a powerful grip
which holds parts in alignment while leaving
both hands free for the welding operation. The

Figure 3.17 (a) Sheet metal clamp (b) welding
clamp (c) extra large C clamp (d) C clamp
(Sykes-Pickavant Ltd)
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deep-throated jaws and centre opening provide the
operator with maximum visibility and full access
to the welding area.

C clamp (Figure 3.17c, d) has a wide jaw opening
with a relatively small gripping area, which pro-
duces pressure without permanent jaw damage to
panel surfaces. It allows accurate close-up working
in restricted areas and on awkward shapes, e.g. sill
panels.

Punches

Hole punches (Figure 3.18a) have interchangeable
heads to punch holes of either % in (5 mm) or i in
(6 mm) diameter, and enable joining panels to be
accurately aligned for welding. The % in (5 mm)

(a) (b)

Figure 3.18 (a) Hole punch (b) wing punch
(Sykes-Pickavant Ltd)

diameter hole is for gas welding or brazing and the
% in (6 mm) hole is for MIG welding.

Wing punch (Figure 3.18b) 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 (Figure 3.19a) is a portable, hand-
operated tool designed to provide a ‘joggled’ joint
or stepped edge on a repaired or new panel, thus



96 Repair of Vehicle Bodies

(b)

Figure 3.19 (a) Edge setter (b) Rolastep edge setter
(Sykes-Pickavant Ltd)

creating a flush-fitting lap joint. The joggled panel
edge provides a stiff joint and helps prevent dis-
tortion when welding. It can be used on mild steel
up to 1.2 mm (18 gauge) and applied in many situ-
ations which require this type of joint.

The rolastep edge setter (Figure 3.19b) is
a portable tool used on the vehicle or a panel
assembly. Its rollers produce a smooth, uniform
stepped panel edge to create a flush-fitting lap
joint, allowing a panel replacement to be inserted.

Door skinner

This is a special tool (Figure 3.20) for crimping
flanges tightly on replacement door skins. It is
used by first bending the flange to an acute angle
and then tightening or crimping the flange to the
door frame. During this operation, interchangeable
tough nylon pads prevent damage to the surface of
the door skin.

Figure 3.20 Door skinner (Sykes-Pickavant Ltd)

Inter-grip welding clamp

The inter-grip clamp is approximately 25 mm cube
shaped, and uses a wing nut and toggle bar to
firmly clamp pieces of metal together edge to edge
and perfectly level, leaving only a small gap which
will allow full penetration of the weld and filler
rod (Figure 3.21). Once the two sections are tack
welded together the wing nut is slackened, the
toggle bar removed and the clamp lifted from the

Figure 3.21
Restoration Techniques Ltd)

Inter-grip welding clamps (Frost Auto



job, prior to final welding. The end result is a first-
class butt weld requiring very little dressing. The
clamps are ideal when welding patch repairs in
floors, wings and door skinning, or when assem-
bling fabricated or new panels.

Temporary sheet metal fastener system

This sheet metal holding system is a set of pins,
installed with special pliers, which quickly and
easily clamps panels together before final welding,
bonding or riveting (Figure 3.22). The clamps will
securely hold together body panels and sections
where no other clamp will reach because there is
no rear access. The 3 mm blind fasteners have an
expanding pin which, when inserted through the
panel and released, exerts over 8 kg (18 Ib) holding
pressure. The edge grips have 12 mm deep jaws to
clamp flanges and other edge work. To install or
remove either, the pliers are needed to overcome
the powerful spring pressure.
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3.8 Recommended basic toolkits
for panel beaters

The pride of the craftsman is the set of tools he
possesses. Care of tools throughout their working
life is important. All bright surfaces should be
kept clean and free from scours and blemishes
that could be transferred to the body panels.
Stowage of tools when not in use is also impor-
tant, but this will depend on the working condi-
tions in the bodyshop. Wall boards with the
necessary clips and tool silhouettes can be used
with a specified set of tools. This is ideal for gen-
eral usage from a central store, as missing tools
can be quickly identified. Metal toolboxes are
most useful when each worker maintains his own
toolkit.

The apprentice, improver and tradesman will
each collect his or her own basic toolkit: suggested
sets are shown in Figures 3.23, 3.24 and 3.25
respectively.

Figure 3.22 Temporary sheet metal fastener: (a) system (b) in use (Frost Auto Restoration Techniques Ltd)
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Figure 3.23 Apprentice basic toolkit
(Sykes-Pickavant Ltd )

Figure 3.24

Improver basic toolkit
(Sykes-Pickavant Ltd)

3.9 Hand tools used in the fabrication
of sheet metal

The panel beater often finds the need to fabricate
articles or components in mild steel, using spe-
cialist hand tools. This need usually arises when

Figure 3.25 Tradesman basic toolkit
(Sykes-Pickavant Ltd)

replacement panels and sections are not readily
available. These specialist tools are also frequently
used in the coach building industry during the
construction of new vehicles.

Sections 3.10 to 3.16 cover fabrication tools.

3.10 Hammers and mallets

3.10.1 Hammers

Hammers (Figure 3.26) are still the most important
forming tools as far as the body worker is con-
cerned, and from the commencement of his career
he should attempt to acquire a skilful hammering
technique. The essential points to look for when
hammering are first, to hold the hammer correctly,
gripping the shaft firmly but not tightly and towards
the shank end in order to take full advantage of its
length. Second, the action should be produced by
the wrist rather than the forearm, and as strength is
developed in the wrist it will be found that it is
possible to control the hammer under all circum-
stances. The hammer head should only be swung
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(b)

(d)

Figure 3.26 (a) Engineer’s ball-pein hammer (b) stretching and flanging hammer (c) wiring hammer

(d) hollowing or blocking hammer

sufficiently to ensure that the metal is struck where
required using the correct amount of force.

Engineer’s ball-pein hammer

This is a general purpose hammer. Its main uses
are for riveting, chiselling, forming angles and
brackets, planishing heavy welds to refine their
structure and flattening heavy-gauge plate. The
hammer has one end round and flat and the other
a rounded ball-pein, and it usually has an ash
handle fitted into the head. It is made in a variety
of weights to suit individual needs.

Stretching and flanging hammer

This is used to form external and internal flanges
on curved surfaces by hand. The hammer is curved
with two rounded cross-peins which allow blows
to be struck at right angles in the direction of
stretching. By tilting the hammer very slightly it is
possible to gain maximum stretching on the out-
side of curved work. This hammer is designed for
turning small flanges on highly curved work and
is normally used in conjunction with a stake.

Wiring hammer

This is designed for closing thin-gauge metal over
wire to form wired edges. The head of the ham-
mer is curved and has two very sharp chisel-like
cross-peins which allow it access to tuck down

the metal around the wired edge. It can be used
for either straight or curved wiring, and is used
extensively in the manufacture of wings made for
heavy transport.

Hollowing or blocking hammer

This is a shaping hammer which has two ball-
peined ends and is rather heavy. It is designed to
be used on mild steel in conjuctions with a sand-
bag or wood hollowing block, and to create a dou-
ble-curved shape by hand. The hammer is used on
the initial stages of shaping metal, the component
normally being planished or wheeled to its final
shape.

3.10.2 Mallets

Mallets (Figure 3.27) come in two shapes.

Figure 3.27 Round-faced mallet, pear-shaped
mallet and sandbags (F. J. Edwards Ltd)
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Round-faced mallets
These are used in conjunction with steel stakes
for forming and shaping. There are two types of
mallet — boxwood and rawhide. The latter is made
in strips which are rolled and pinned in position.
Usually rawhide is used on aluminium and the
lighter metals as it gives a softer blow than boxwood
and is less liable to mark the metal. The boxwood
type is an all-purpose mallet and can be used on
either mild steel or aluminium with equal success.
When using a round-faced mallet the metal
should be struck as squarely as possible to avoid
wear on one side of the face. Care should also be
taken to avoid striking the raw edges of sheet
metal, as these could split the mallet head or dam-
age the faces. At all times the faces of these mallets
must be kept smooth, true and free from marks as
these could be automatically transferred on to the
workpiece.

Pear-shaped mallets

These are usually made in boxwood or lignum
vitae, which is a very hard wood and hence is
ideally suitable for this type of work. The mallet is
used in conjunction with a sandbag or wood block
for either hollowing or raising when shaping metal
by hand to a double curvature shape. The high-
crowned end of the mallet is used for hollowing
into a sandbag and the small-radiused end of the
pear shape is used for glancing blows as used in
raising. The mallet is normally used on aluminium
and thingauge mild steel. Care should be taken not
to allow the faces of the mallet to become damaged
when in use.

3.11 Sandbags and hardwood blocks

Sandbags are leather bags made from two pieces of
the finest quality leather, filled with very fine sand
and stitched together. They are available in a vari-
ety of weights and sizes but are usually round or
square in shape (Figure 3.27). The sandbag is used
with the pear-shaped mallet or the blocking ham-
mer to create panels by hand to a double curvature
shape. The sandbag is resilient and at each blow of
the mallet allows the metal to shape into the sand-
bag.

In some instances hardwood blocks are hollowed
out to different depths and diameters. These blocks
are used in the same manner as the sandbag for

shaping metal, although the blocks are more solid
and do not ‘give’ as much as the resilient sandbags.

3.12 Sheet metal bench stakes

Quite often when making panels and parts of
panels in sheet metal, it is necessary to perform
some operation such as bending, flanging, seam-
ing, shaping and planishing which cannot be done
by machine. In such cases these operations will
have to be carried out by hand using bench stakes.
There are many different types of stake in use; the
smaller types are usually made from cast steel, the
heavier are of cast iron, and for special work stain-
less steel stakes may be used.

All these stakes must have highly polished work-
ing surfaces and should be kept in a dry atmosphere
to reduce the possibility of corrosion on the work-
ing surface. Certain stakes are used only occasion-
ally, and to maintain a bright, smooth surface they
must be given a coating of light oil from time to
time. The condition of the stakes has much to do
with the workmanship of the finished job, for if a
stake has been roughened by hammer or chisel
marks the completed job will look rough and lack
finish. For this reason stakes should not be used to
‘back up’ a sheet of metal or a panel directly when
cutting it with a chisel; hammer blows should be
aimed with care; and a mallet should be used when-
ever possible when forming sheet metal over the
stakes.

Special reinforced square holes of various sizes
are made at intervals in the bench for insertion of
the bases of the stakes, which are usually square in
cross-section and taper in shape to facilitate a good
grip in the bench. There are many different types
of stake available, and those most commonly used
are as follows (Figure 3.28):

Pipe stake consists of one or two cylindrical arms
having different diameters. This stake is used for
forming pipes and cylindrical workpieces.
Grooving stake has a grooved slot cut along the top
face. The slots are used for wiring and swaging.
Funnel stake has a thick tapered head and is used
in forming, riveting and seaming tapered articles
such as funnels.

Anvil stake has a flat, square-shaped head with
a short shank and is used for general working
operations.
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Figure 3.28 Sheet metal bench stakes
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Side stake consists of one long elliptical shaped
head. It is used for bending, seaming and forming
curved radii.

Beck iron stake has a square tapering flat head
on one side and a round tapered head on the other
side. It serves as a general purpose anvil for rivet-
ing and shaping round and flat surfaces, straight
bending and corner seams.

Horse stake with heads has holders (the horse part
of the stake) which can take various shaped small
heads. This stake is useful in many operations for
which other stakes are not suitable.

Round-bottom stake consists of a single vertical
piece with a flat round head on top. It is used for
flanging circular and curved work.

Tinman’s mandrel is a single horizontal metal bar,
one section of which has a flat surface and the
other section of which is rounded. The flat length
has a slot cut in it which permits the stake to be
fastened directly to the bench. The stake is used for
riveting, seaming and forming.

Half-moon stake consists of a single vertical shank
with a half-rounded head on top. The stake is used
for forming or shaping curved flanges.

Hatchet stake consists of a horizontal, sharp, straight
edge, and is used for making straight sharp bends.
Panel head stake is shaped like a mushroom and is
made in various sizes. It is used for raising, tucking
and planishing.

Ball stake is shaped like a ball and is used for the
planishing of hollowed or raised articles. It is also
used for raising domes or hemispherical shapes by
mallet or raising hammer.

3.13 Hand grooving tools

The hand groover is used when making a seam
joint by hand between two pieces of sheet metal.
The end of the tool is recessed to fit over the joint
formed when the edges of the two pieces of metal
are prebent into a U-shape and interlocked. The
grooving tool is then placed over the interlocked
edges and hammered. One edge of the tool acts as a
guide while the other forces the metal down into a
crease, thus forming a groove. This crease or set in
the metal should be made gradually, the tool being
hammered while tilted very slightly in the direction
in which the crease is to be made. This will avoid
marking the metal on the opposite side of the joint
to the crease. A tool a size larger than that of the

grooved joint should be chosen to give clearance in
use. The tools are manufactured in various sizes
from é in to % in (3—19 mm). These grooved joints
can be used to advantage when fastening large flat
panels together as used on commercial vehicles.

3.14 Rivet sets

A rivet set is made of tool steel. A deep hole in the
bottom of the set is used to draw the rivet through
the metal sheet before riveting, and a cup-shaped
hole is used to form the finished head on the rivet.
The drawing-up hole and the cup hole are offset
slightly to the direction of the vertical hammer
blows, and therefore great care should be taken
to hold the set in an upright position when riveting.
If the tool is allowed to tilt it is liable to make
indentations on the area of the metal which has
been riveted. Hand rivet sets are made in various
sizes ranging from % in to % in (3.1-19 mm).

3.15 Cultting tools

3.15.1 Hand snips

These are used to a great extent in the fabrication
or repair side of the panel beating trade, for cutting
thin-gauge mild steels and aluminium alloys. The
limits to which these snips can cut satisfactorily,
leaving a good edge, is a thickness of 20 SWG
(1 mm) in mild steel and slightly greater thick-
nesses in aluminium. Snips are available in a
variety of types and sizes and are made from the
finest tool steel forgings. The blades are ground and
set for the accurate cutting of all sheet material.
The most popular hand snips are the universal
combination snips, which are made in sizes 10 in
to 13in (254-280 mm) with narrow or broad
blades, with straight or cranked handles, and left
or right handed. The handles are offset on the
cranked variety so that straight and curved cuts
can be made in any direction in one operation with
the sheet kept flat and the operator’s hand clear of
the metal, the cut being followed from above. The
word ‘universal’ means that this single pair of
snips can be used for cutting straight lines and
both external and internal curved edges. Standard
pattern straight snips are also very popular,
although limited in their use to straight line cut-
ting or large external curves. Sizes vary from 6 in



Figure 3.29 Aviation snips (Frost Auto Restoration
Techniques Ltd)

to 12 in (152-305 mm). Standard pattern curved
or bent snips are designed for cutting circular out-
lines and inside circles or curved shapes, as the
actual cutting blades themselves are curved. (See
Figure 3.11.)

The cutting tools known as aviation snips
were originally developed for the aircraft industry
(Figure 3.29). In contrast to the single pivot of
ordinary tin snips, aviation snips feature compound
leverage for greater shearing power, being able
to cut up to 18 gauge (1.2 mm) steel and 16 gauge
(1.6 mm) aluminium. The blades are made from
heat-treated forged chrome steel and are radiused
in order to maintain a constant cutting angle from
the back of the jaw to the front, allowing good
cutting pressure for the user.

The terms ‘left hand’ and ‘right hand’ used for
snips in this country have the continental meaning.
Left hand means that the lower blade, which should
be on the underside of the sheet of metal being cut,
is on the left-hand side. Right hand means that the
lower blade is on the right-hand side of the metal
being cut. The US reference is exactly opposite to
that used in this country.

3.15.2 Monodex cutters

This tool is designed for cutting thin sheet metal.
Unlike snips, it has a flat face with one central
serrated blade which in use cuts a slot equal in
width to the thickness of the blade, about éin
(3.1 mm). As the material is cut, it coils up in front
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of the cutters. The advantage of this tool is that
it can cut sheet metal internally, and work along
either a straight or curved line by drilling a small
access hole in the metal to allow the blade to
penetrate through the metal to commence cutting.
Allowance must be made for the wastage of éin
(3.1 mm) strip when cutting to a final size.

3.15.3 Cold chisels

These are often used by the body repair worker for
cutting out components which have been damaged,
chipping off rusted bolts which cannot be removed
by normal methods, and chiselling sections which
cannot be cut be snips or hacksaws. Chisels are
made from high-quality steel. The cutting edge is
specially hardened and tempered, while the remain-
der of the chisel is left soft to enable it to withstand
hammer blows.

The chisel is subdivided into cutting edge, shank
and head. The cutting end has a wide, flat taper
and is ground on both sides to form the cutting
edge. Metal working chisels should have sufficient
length to allow the shank to be gripped properly, as
short chisels are difficult to handle and may lead to
accidents through hammer blows if the head pro-
jects insufficiently beyond the gripping hand. On
the other hand excessively long chisels cannot be
guided so well and consequently may vibrate and
break easily. Only the cutting edge of the chisel is
hardened. When the chisel has been in use for
some time a ridge forms on its head which is called
a burr; this needs to be removed because it may
lead to accidents during use. Chisel joint angles
vary between about 30° and 60°, the sharper angles
being used for cutting softer metals. The metal
worker’s chisel is flat, and is used for working on
flat or curved surfaces of thin sheet. It is also used
for cutting solid bolts and rivets.

3.15.4 Hacksaws

The hacksaw is used by the body repair worker
to advantage where a clean, neat cut is required,
usually where two pieces have to be cut to form a
welded joint, and is ideal for cutting irregular-
shaped panels which could not be cut with snips or
chisel. There are many different types of hacksaws,
but in general they consist of a fixed or adjustable
frame fitted with a renewable blade of hardened
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and tempered high-carbon or alloy steel. The hack-
saw blades are classified by length and the number
of teeth to the inch. Coarse blades have 14—16 teeth
to 11in (25.4 mm) and are used to cut soft metals;
finer blades have 18-24 teeth to 1 in (25.4 mm) and
are used to cut harder metals. The blades must be
fitted with the teeth pointing away from the oper-
ator to the front of the frame, and the blade should
be slightly tensioned in the frame.

3.15.5 Mini sheet metal cutter

This is a lightweight metal shear (Figure 3.30)
which will produce curved and straight cuts in
mild steel up to 1.6 mm (16 gauge). A lever and

Figure 3.30 Mini sheet metal cutter
(Sykes-Pickavant Ltd)

ratchet action operates the roller cutters, which are
adjustable for metal thickness, and the cutting
action can be reversed for cutting internal angles.
The cutter can be bench mounted or used in a vice.
This tool is ideally suited for the small body shop
where limited cutting is required.

3.15.6 Drill cutting attachment

This is a drill attachment for cutting sheet metal
up to 18 gauge (1.2 mm) mild steel and 16 gauge
(1.6 mm) aluminium (Figure 3.31). This tool pro-
vides the user with clear visibility of the cutting
line, allowing an accurate cut. When cutting it
removes a continuous 3 mm strip from a panel
without distortion. It will fit any drill chuck, air or
electric.

Figure 3.31
Restoration Techniques Ltd)

Drill cutting attachment (Frost Auto

3.16 Bending and swaging tools

3.16.1 Sheet metal folder

This is a small, compact folder constructed
and designed for mounting in a vice (Figure
3.32). It can be used to fold mild steel sheet up to
1.2 mm (18 gauge) with a bend length of 24 in
(610 mm). The tool is capable of producing
bends of up to 100° and will produce both chan-
nel and box sections. It is a useful tool for the
fabrication of small metal sections needed in
vehicle repair.
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Figure 3.32 Sheet metal folder (Skyes-Pickavant Ltd)

3.16.2 Swaging tool or edge setter

This tool is designed for bench mounting or to
be used in a vice (Figure 3.33). The fixed rollers
produce a smooth, uniform stepped panel edge on
a straight or curved panel. The bottom roller is
adjustable to accept varying gauges of material up
to 1.2 mm (18 gauge) mild steel. The swaged or
joggled edge can be used to strengthen panel edges
or to create a flush-fitted lap joint when working
on panel replacement.

3.16.3 Shrinker and stretcher machine

This is a versatile sheet metal working tool, and
will quickly and easily pull curved shapes into
steel up to 18 gauge (1.2 mm) or aluminium up to
14 gauge (2.0 mm) (Figure 3.34). It shrinks or
stretches the metal into smooth even curvature
with a radius as small as 3 in (75 mm). It is used
to fabricate and repair panels where curves are
needed in angle sections, especially around head-
lights, edges of window frames, door edges and
wheel arches.

Figure 3.33 Swaging tool or edge setter
(Sykes-Pickavant Ltd)

Figure 3.34 Shrinker and stretcher machine
(Frost Auto Restoration Techniques Ltd)

3.17 General-purpose assembly and
dismantling tools

Having the right tool for the job is a sign of a
prepared body repair worker. Knowing how to
use the tool is a mark of an experienced repair
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worker. Knowledge and experience come with
study and time, but without the right tools, even
the best body worker cannot carry out quality
repair work.

3.17.1 Spanners or wrenches

A complete collection of spanners or wrenches is
indispensable for the body repair worker. A variety
of vehicle body parts, accessories and related parts
all utilize common bolt and nut fasteners as well as
arange of special fasteners.

The word ‘wrench’ means ‘twist’. A wrench is a
tool for twisting or holding bolt heads and nuts.
The width of the jaw opening determines the size
of the spanner, so that it fits around a nut and a bolt
head of equal size. The larger the spanner size,
the longer the spanner: the extra length provides
the user with more leverage to turn the larger nut
or bolt. Spanners are drop forged and made from
chrome-vanadium steels.

Open-ended spanner

This is the most commonly used spanner. How-
ever, it has the disadvantage that it fits the nut or
bolt on two sides only; consequently there is a
greater tendency for the open-ended spanner to
slip off the bolt or nut, resulting in rounded nuts
and injured hands. Open-ended spanners can be
single-ended, or double-ended to fit nuts of con-
secutive sizes. The head of the spanner is usually
set at an angle for use in constricted spaces: when
the spanner is turned over, the nut can be
approached from a different angle. The open-
ended spanner fits both square head (four-cor-
nered) or hexagonal (hex) head (six-cornered)
nuts. These spanners come in sets ranging in AF
from i in to 1% in and in metric from 3.2 mm to 42
mm (Figure 3.35).

Ring spanner

The ring spanner is made in a variety of sizes,
points and offsets, and may be flat or cranked.
It fits the nut all round by means of teeth cut in
the inner surface of the ring. This is a very popular
type of spanner as it enables the nut to be tightened
quickly and can be used where movement is
restricted. The ring spanner is much safer to use as
more force can be applied without slipping and
rounding the corners of the nut. The handle of the

Figure 3.35 A set of open-ended metric spanners
(Facom Tools Ltd)

ring spanner can be straight or offset to provide
hand clearance. Each end is usually a different
size. The ring spanner does have limitations, for
there must be sufficient clearance for the jaws to fit
over and around the head of the nut or bolt. Ring
spanners are available in 6, 8 or 12 points. The
advantage of the 12-point ring spanner is that it
can hold the nut in twelve different positions,
which is ideal for working in confined spaces.
Ring spanner sets are available in AF i in to 1% in
and metric 6 mm to 50 mm (Figure 3.36).

Figure 3.36 Straight and offset ring spanners
(Facom Tools Ltd)

Combination spanner

The combination spanner has an open-ended jaw at
one end and a ring on the other end. Both ends are
the same size. The combination is probably the
best choice of second set, for it complements either
open-ended spanner or ring spanner sets. Combin-
ation spanner sets are available in AF i in to 1% in
and metric 3.2 mm to 32 mm (Figure 3.37).



Figure 3.37 Combination and offset combination
spanners (Facom Tools Ltd)

Adjustable wrench

An adjustable wrench has one fixed jaw and one
movable jaw. The movable jaw is adjusted by
means of a worm wheel fitted in the handle, which
is meshed with teeth in the jaw. These wrenches
are useful because they are manufactured in a
range of sizes and each one can be adjusted to fit
many sizes of nuts (Figure 3.38).

Figure 3.38 A range of adjustable wrenches (Facom
Tools Ltd)
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3.17.2 Socket sets

In many situations a socket ratchet is much faster
and easier to use than an open-ended or ring spanner
because of its versatility in use, and in some body
repair applications it is absolutely essential. A basic
socket ratchet set consists of a ratchet, bar extensions,
a universal joint and a set of sockets (Figure 3.39).

Figure 3.39 Socket set (Facom Tools Ltd)

The barrel-shaped socket fits over and around a
given size of nut; inside it is shaped like the ring
spanner, having a set of teeth to grip the points
of the nut. Sockets are available with 6 pointed
teeth and 12 pointed teeth. A 6-point socket gives a
tight hold on a hex nut, minimizing slippage and
rounding of the nut’s points. The 12-point socket
does not have the holding power of the 6-point
socket, but its numerous positions maximize the
possible turning radius (Figure 3.40a).

The closed end of the socket has a square
hole into which the drive shaft of the ratchet fits
(Figure 3.40b). Socket sets can be purchased in %, %,
% and %in drive sizes. The smaller drive sizes are
used for turning small fasteners, badges and trim
where little torque is required. The larger drive
sizes with the corresponding longer handles are
used where greater torque is needed. A body
repairer will need sets of %, % and % in drive sockets.

The size of the individual sockets in a set
depends on the drive size of the set as well as the
number of sockets in the set. The socket size is
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Figure 3.40 (a) Standard sockets (b) ratchet with }
in drive (c) standard and deep well sockets (Facom
Tools Ltd)

the same as the face-to-face dimension of the bolt
it fits. A % in set has sockets ranging from % to % in
(5 to 18 mm), whereas a % in socket set has sockets
ranging from . to 1} in (13-40 mm).

Sockets are available not only in standard face-
to-face diameters, but also in various lengths or
bore depths. Normally the larger the socket size, the

deeper the well. Deep well sockets are made extra

long for reaching nuts or bolts in limited access
areas (Figure 3.40c).

Socket set accessories

Socket set accessories multiply the usefulness of
the socket set. A good socket set has a variety of
accessories such as:

Ratchet

Ratchet attachment

Extension bars

Speed brace

Long-hinged handle with universal joint
Sliding T-bar

Universal joint

Flexible spinner

Flexible extension

Coupler.

Screwdriver attachments

Screwdriver attachments are also available for use
with socket ratchets. These attachments are very
useful when a fastener cannot be loosened with
a regular screwdriver owing to lack of access
and space. The leverage that the ratchet handle
provides is often all it takes to move a stubborn
SCrew.

3.17.3 Screwdrivers

A variety of threaded fasteners used in the auto-
motive industries are assembled by the use of a
screwdriver. Each fastener requires a specific kind
of screwdriver, and a body repairer should have
several sizes of each type.

All screwdrivers, regardless of type, are designed
to have several things in common. The size of the
screwdriver is determined by the width or diameter
of the blade and the length of the shank. It is
important to select the blade tip accurately by
matching it to the size of the slot or the type of
fastener being used. The larger the handle, the
better the grip and the more torque it will generate
when turned.

Standard screwdriver (for slotted heads)

A slotted screw accepts a screwdriver with a
standard tip. The standard tip screwdriver is proba-
bly the most common type used. The blade should
match the slot: an oversize screwdriver will not



reach the bottom of the slot and an undersize
screwdriver will float in the slot, and either con-
dition could result in damage to the tool and the
fastener.

Phillips screwdriver (for cross-heads)

Phillips screws have a four-pronged funnel-shaped
depression in the screw head, and are known as
cross-heads. The tip of the Phillips screwdriver has
four prongs that fit the four slots in the screw head.
The four surfaces enclose the screwdriver tip so
that there is less likelihood that the screwdriver
will slip off the fastener. The most useful set of
Phillips screwdrivers ranges from number O to
number 4.

Pozidriv screwdriver

This screwdriver is like a Phillips in that the head
is in the form of a cross, but the tip is flatter
and blunter. The square tip grips the screw head
and slips less than a Phillips screwdriver. Although
Pozidriv and Phillips look alike, they are not
interchangeable. The most useful set of Pozidriv
screwdrivers ranges from number 1 to number 4.

Torx screwdriver

The Torx fastener is used quite a lot on vehicle
bodies. The screwdriver has a six-pronged star
profile which provides greater turning power and
less slippage, and also ensures optimum pressure
to prevent the tool from slipping out of the fas-
tener’s head.

Speciality screwdrivers

These are normally in sets of screwdriver tips and
assorted drivers which are all interchangeable and
prove most useful in vehicle body repair work.

3.17.4 Toolchests

A cabinet-type toolchest as shown in Figure 3.41 is
standard equipment in most body shops. A portable
toolbox on top of the chest holds large hand and
power tools. A chest of drawers holds spanners,
sockets and all the necessary assembly tools. The
toolchest is on castors so that it can be conve-
niently located in any working area of the body
shop.

Figure 3.42 shows a complete set of all assembly
tools.
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Figure 3.41

Portable toolchest (Facom Tools Ltd)

3.18 Power tools used in body repair work

Choosing between pneumatic or electric power
tools has always been difficult because, while they
are designed to perform basically the same func-
tion, the particular advantages and disadvantages
of each are so different.

Electric tools are simple to set up. They require
only a source of electric current, and so are suit-
able for immediate use anywhere in the workshop.
The disadvantage is that because they have their
own power supply (the motor) incorporated, they
tend to be heavy and awkward for some jobs. Not
only that, but over-heavy use can wear the motor,
causing it to burn out.

Pneumatic tools, by contrast, are more complex.
Among the advantages they offer are the regulation
of air flow to suit the job, and the fact that they are
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Figure 3.42 A full set of general and assembly tools
(Facom Tools Ltd)

usually lighter, smaller and easier to handle. They
also require less maintenance than a comparable
electric tool. These factors can only be achieved,
however, if a high-performance air compressor
system is available. Moreover, it has long been
a disadvantage that, despite filters and regulators,
peneumatic tools can still blow oil, rust, dust and
other impurities into the atmosphere and on to the
work being treated.

Power tools play an important part in the
modern techniques used by the panel beater in the
repairing of crash damage to motor vehicles. Their
use reduces man hours to a minimum and they also
enable the operators to achieve better results than
those possible using hand tools. A wide range of
equipment is available to suit all types of crash
damage.

Section 3.19 to 3.25 describe the typical range of
power tools.

3.19 Air power chisel

This tool (Figure 3.43) is designed for the removal
of damaged panels so that essential stripping can
be carried out easily and quickly. It consists of a
chisel bit which is retained by a spring through one
end of a barrel, and a piston which moves to and
fro within the barrel, striking the end of the chisel
bit as it does so. The barrel must be kept dirt-free
to eliminate the possibility of undue wear by the
reciprocating movement of the chisel. A feather-
action trigger in the handle allows for variation in
the strength of the blow according to the amount of
pressure applied. To provide additional safety a
beehive or volute spring is fitted over the end of
the barrel to prevent the chisel leaving the tool
accidentally.

A wide range of special chisel bits is produced
for the power tool. Most of these are cutting chis-
els of various sizes, used for general dismantling,
cutting rivets, nuts, bolts and the removal of spot-
welded sections. There is also a special thin-gauge
metal cutting chisel for use on panel work, and a
recessing tool which can be fitted on the end of the
chisel. The recessing tool can be used on the edges
of panels to form a lip or joggled section so that
one panel passes over the face of the other, forming
a flush finish which is ideal for spot-weld connec-
tions and joints in panels.

3.20 Metal cutting shears and nibblers

3.20.1 Metal shears

These are usually electrically operated (Figure
3.44), but in some cases can be driven by com-
pressed air (Figure 3.45). They are designed to be
used in the hand with an on/off trigger control
built in the handle. The blade holding shoe is
designed in a spiral so that it parts the metal as it
cuts it. The machine is based on the principle of
shearing metal, and this is done by a pair of very
narrow blades, one of which is usually fixed
while the other moves to and fro from the fixed
blade at high speed. The blades have a very pro-
nounced angle or set to permit the blade to pierce
the sheet for internal cutting. The tool can be eas-
ily turned when cutting owing to the narrow
width of the blades, and so can cut curved as well
as straight shapes. The shears are capable of
cutting sheet metal up to a maximum of 2 mm
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1 Silencer cutting tool 6 Undercoat scraper 11 Shock absorber chisel
2 Sheet metal tool 7 Tapered punch 12 Bush installing tool
3 Panel cutting tool 8 Bush remover chisel 13 Fork chisel
4 Bush removing tool 9 Spot weld breaker 14 Universal joint and track rod tool
5 Rivet cutting tool 10 175 mm nut and bolt cutting tool 15 Exhaust pipe cutting tool

Figure 3.43 Air power chisel and accessories (Black and Decker Ltd)
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Figure 3.44 Metal cutting shears (Black and
Decker Ltd)

Figure 3.45 Air shears (Desoutter Automotive Ltd)

(14 SWG) or 3 mm (10 SWG) aluminium, which
more than covers the automobile requirements.
The shear is used extensively in the cutting of
light materials for the construction of new vehi-
cles, but also plays an important role in the
removal of damaged sections in crash repairs, as
it leaves a nice neat cut and there is no risk of
flame damage as with the more traditional meth-
ods of oxy-acetylene cutting.

3.20.2 Pneumatic metal shear

This tool uses the same action as snips, having
two fixed blades and one blade moving vertically
between them (Figure 3.46). This central movable
blade cuts out a thin ribbon of metal which coils
and is discarded. Cutting can be started from the
edge of the panel, or from any point on the panel
surface using a predrilled hole large enough to
insert the central cutting blade. Radiuses up to 7%
in (200 mm) can be cut on material up to 1.2 mm
(18 gauge). Care must be taken not to damage the
panel surface by causing buckling during the
cutting action.

Figure 3.46 Pneumatic metal shear (Desoutter
Automotive Ltd)

3.20.3 Metal cutting nibbler

This is a portable nibbler which uses a punch and
die (Figure 3.47). The actual cutting is done by the
edge of the punch which is reciprocated at high
speed, leaving a slot or channel in the metal.
Cutting can be commenced from the panel edge, or
from a hole predrilled in the panel surface to allow
entry of the punch. Allowances must be made for
the width of the cut and, when accurate positioning
of the cut is essential, templates can be used as a
guide.



Figure 3.47 Metal cutting nibbler (Desoutter
Automotive Ltd)

3.21 Power saw

This is a high-speed pneumatic tool using
interchangeable, reciprocating hacksaw blades
(Figure 3.48). It is able to cut from straight lines
to tight curves. Cutting can be started anywhere on
a panel without the need for pilot holes. Single- or
double-skinned panel assemblies can be easily cut
owing to the short blade stroke. The tool can be used
to cut a wide variety of materials including light-
gauge steel, aluminium, reinforced glass fibre, wood
and hardboard. Its fine cut is ideally suited for panel
replacement where joints have to be cut and welded.

Another power saw is the rotary or circular saw
(Figure 3.49).

\

Figure 3.48 Power saw (Desoutter Automotive Ltd)
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Figure 3.49 Circular metal cutting saw (Desoutter
Automotive Ltd)

3.22 Power drills

3.22.1 Standard drills

There are two types of power drill used in the
bodyshop: the majority are usually electrically
driven and require a 13 A electrical power point
(Figure 3.50), while the others are air powered and
require a compressor and air points (Figure 3.51).
The most popular sizes in common use are the 3 in
(6.3 mm) pistol drill, and the ; in and } in (9.5 mm
and 12.6 mm) heavy-duty machines. Drills are used
mostly for drilling out spot welds along damaged
panels which need removing, and also for drilling
out broken rivets and bolts. As well as the standard
size drills there is a special drill called an angle
drill, which is extremely useful in bodywork as it
can be used in confined spaces and enables many
otherwise impossible drilling tasks to be carried
out (Figure 3.52).

Figure 3.50 General duty drill (Black and Decker Ltd)
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Figure 3.51 Air drill (Desoutter Automotive Ltd)

Figure 3.52 Angle drill (Desoutter Automotive Ltd)

3.22.2 Cordless drill

This uses an energy pack to supply the power, with
a fast charge facility for recharging from a mains
supply (Figure 3.53). It can be single speed or two
speed, and can drill up to 3 mm steel. When fitted
with a reversible adjustable clutch this tool can
be used as a power screwdriver, thus making it a
tremendously versatile piece of equipment, espe-
cially in the body building industry.

3.22.3 Specialized air drill (spot-weld
remover)

This is a hand-held clamp-type drilling tool
designed for cutting out spot welds (Figure 3.54).
It is powered by compressed air with controllable
speeds, and has a removable cutting drill supplied
in two sizes, 6 mm and 8 mm; the depth of cut is
also adjustable. When there is a flange at the rear
of the spot weld it is supported by the clamping
action of the C-shaped arm, while the drill is cut-
ting out the spot weld to a preset depth, allowing
the panels to separate. Owing to the shape and
clamping action of the tool it is restricted to
removing spot welds from an open panel edge
only. Welds on panel edges which have no access

Figure 3.53 Cordless screwdriver/drill (Black and
Decker Ltd)

from the rear would entail the cutting of the panel
to be replaced, to obtain access for the tool clamp.
This tool could be a worthy addition to any body
shop because of its time saving over conventional
methods and its neatness of finish.

3.23 Sanding machines

Whether they are disc, belt, orbital, flat or finishing,
sanders are the most frequently used power tools in
the body repair shop.

3.23.1 Disc sander

This is the most popular sander. It is a powerful
machine with a hard rubber flexible pad on to
which the actual sanding disc is fastened by means
of a centre nut. This nut is threaded in such a
way that it tightens as the machine rotates, thus
avoiding the risk of a disc coming loose. Disc
sanders are driven either electrically (Figure 3.55)
or by compressed air (Figure 3.56).

The main uses of the disc sander in the repair shop
are sanding sections on panels which are either
rusted or have been repaired by planishing and
require sanding to a smooth finish in readiness for
painting; cleaning sections that need to be filled with



Figure 3.54 Selection of air tools (Consolidated
Pneumatic Tool Co. Ltd).

From top:

Spotle specialized air drill for removing spot welds
Supa-sander (miniature belt sander)

Metal nibbler

Dual-action orbital sander

Figure 3.55 Disc sander (Black and Decker Ltd)

solder prior to tinning; stripping paint prior to plan-
ishing or dressing out; dressing off surplus weld
metal after welding new sections; feather edging
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Figure 3.56 Air driven sander (Desoutter
Automotive Ltd)

minor paint blemishes; and blending in body solder
or plastic filler in sections that have been filled.

3.23.2 Belt sander

This can be used for repair to bodywork, and
is extremely good on convex or concave surfaces
where access with a disc sander would be difficult.
This type of machine uses an endless sanding
belt, which is 3 in (16.1 mm) wide, instead of the
normal round disc. Some models are fitted with a
vacuum unit so that the dust is kept to an absolute
minimum in the workshop.

3.23.3 Pneumatic sander/filer

This is a dual-purpose tool for either sanding or
filing (Figure 3.57). For sanding, an abrasive paper
sheet is clipped to the tool. It has a reciprocating
straight-line action which speeds up feather edging
or filing materials and results in a smooth surface
finish. A standard file blade can be fitted to the tool’s
base to convert it into a power-operated body file
with a speed of up to 3000 strokes per minute.

3.23.4 Dual-action sander

The dual action (DA) on this sander makes the pad
oscillate counter-clockwise while the head revolves
clockwise, resulting in a non-repeating surface pat-
tern that eliminates scratches on the surface of the
panel (Figure 3.54).
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Figure 3.57 Straight line sander (Desoutter
Automotive Ltd)

3.23.5 Geared orbital sander/polisher

This is a multi-orbital action machine which
eliminates swirl marks and allows coarse grit
paper to be used for high stock removal rates
(Figure 3.58). On paint and fibreglass it leaves a
perfect key for primers. The multi-orbital action
reduces work surface heat generation, which is
particularly important when sanding fillers and
paint. The tool can also be used for polishing
because of its rotary gearing. It can also be
connected to a centralized or free-standing dust
collection system.

Figure 3.58 Geared orbital sander/polisher
(Desoutter Automotive Ltd)

3.23.6 Small angle grinder

The small angle grinder (Figure 3.59) is sometimes
known as a mini-grinder or a grinderette. It is a
versatile one-handed machine, and will cut away
damaged metal, remove rust, grind down spot, MIG
and gas welds, smooth infills and generally grind
down prepared surfaces. Owing to its small size
and light weight it is ideal for grinding in confined
spaces and tight corners. These machines normally
use a hard disc for grinding.

Figure 3.59 Small (178 mm) angle grinder
(Desoutter Automotive Ltd)

3.23.7 Oscillating sander

This special sander (Figure 3.60) is an oscillating
power tool, only available in this form from the
company Fein. Oscillating means that the grinding
plate — here a triangle rather than a disc shape —
does not rotate, but moves to and fro through only
2 minutes of angle at a frequency of 20 000 oscil-
lations per minute. This ensures high grinding
performance, with multiple contact between the
grinding particles and virtually all materials: wood,
paint, plastic, filler, metal, non-ferrous metals
and so on. With the aid of the triangular grinding
plate you can reach into any corner or inside the
narrowest of openings, for ideal sanding of edges
and profiles. Good-quality transitions can even be
obtained when spot grinding. This sander is the
ideal complement to orbital sanders, eccentric



Figure 3.60 Oscillating sander (Fein/George
Marshall Ltd)

sanders and other portable grinding equipment
used in a body repair workshop.

3.23.8 Rotex sander

This tool (Figure 3.61) can be used as a fine sand-
ing random orbital machine or as a rough sanding
machine; in the latter mode it can also be used as a
polisher. As part of the process of repairing vehicle
bodywork, old layers of paint can be removed with
this sander. Because of the efficient dust extraction
the sandpaper does not become loaded, and so the

Rotex sander with full dust extraction
(Minden Industrial Ltd)

Figure 3.61

transition to undamaged paintwork remains smooth
and free of scratches, thus considerably reducing
repair work.

3.23.9 Supa-sander (miniature belt
sander)

This machine (Figures 3.54, 3.62) has a 20 mm
wide belt and is designed to handle small and
accurate convex and concave contours. It has an
adjustable head feature for flexibility of operation.
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Figure 3.62 Miniature belt sander (Desoutter
Automotive Ltd)

It can be efficiently operated in one hand owing to
its small size and light weight, and thus may be
used to complement conventional angle grinders or
disc sanders. It can be used for the removal of
paint to reveal production spot welds, and for
dressing small plug welds or tack welds in awk-
ward locations such as wing and inner valances,
floor pans and inner sills.

3.24 Other power tools

3.24.1 Impact air screwdriver

The impact air screwdriver has a quick-change
bit holder for inserting different screwdriver bit
heads: slot, Phillips and Pozidriv (Figure 3.63). It
is ideal for removal of rusted-in screws and other
fasteners in locations such as door locks and door
hinges.

3.24.2 Ratchet wrench

Ratchet wrenches can have %in or %in drives
(Figure 3.64). They are ideally suited to a wide
variety of nut turning operations, either fastening or
unfastening. Initial hand ratcheting enables a tight
or seized fastener to be slackened off prior to rapid
runoff using the air power. Also final tightening
can be controlled by hand ratcheting after fast
rundown using the air drive.
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Figure 3.63 Impact air screwdriver (Desoutter Figure 3.64 Ratchet wrench (Desoutter
Automotive Ltd) Automotive Ltd)



3.24.3 Bonded windscreen electric
cutter

This cutter (Figure 3.65) greatly simplifies what
was formerly a time-consuming task for two peo-
ple. With this tool, windows bonded in with
polyurethane adhesive can be taken out without
difficulty. There is no environmental hazard, and
no fumes which might constitute a health risk.
Residual adhesive can be removed without damag-
ing the body.

The special cutter uses an AC/DC motor. An
electric circuit permits the blade oscillating fre-
quency to be varied to suit the required cutting
speed. A wide selection of special-purpose steel
cutting blades is now available for all current
car models. To simplify operation at various
points on the body, the cutter blade has a twelve-
sided mount to vary its position in relation to
the tool.

This precision tool is used to cut through seals,
joints and hard-bonded connections with excep-
tional speed and ease. Bonded-in car windscreens,
for example, can be removed without damaging
either the glass or the frame.

Figure 3.65 Bonded windscreen electric cutter
(Fein/George Marshall Ltd)

3.25 Dust extraction for power tools

Built-in dust extraction should be a must in any
new equipment programme, for it is essential that
airborne dust levels in body shops are reduced to a
minimum for the safety of the body shop employ-
ees. Sanding, grinding and cutting operations in
the body shop usually generate quantities of air-
borne dust; this is a major hazard not only to health
but also for refinishers wanting a quality paint
finish. Systems therefore have been specifically
designed to overcome problems of dust, noise and
oil pollution.
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The equipment consists of a high-performance
dust extractor unit and a range of plug-in air tools
which includes random orbital sanders, orbital
sanders, saws and grinders (Figures 3.66, 3.67).
Dust created during the sanding or sawing
process is immediately extracted into a handy,
easily emptied vacuum pump. In the case of the
sanders, a series of holes in the pad itself is used

Figure 3.66 Centralized dust extraction system for
use with FESTO tools (Minden Industrial Ltd)

Figure 3.67 Dust extraction system in a workshop
(Minden Industrial Ltd)
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to remove the dust and debris which, with con-
ventional systems, form a cloud and obscure the
surface to be worked on as well as necessitating
breathing apparatus for safety’s sake. A single
quick-fix hose connects the hand tool to the
power source. The hose has three separate com-
partments for compressed air supply, exhaust and
dust extraction (Figures 3.68, 3.69, 3.70). Most
sanding and flatting tools have adjustable speed
control. They have housings made of high-impact
GRP, which makes them light in weight and suit-
able for prolonged usage without operator fatigue.

Figure 3.68 Two extraction points with self-closing
flaps (Minden Industrial Ltd)

Figure 3.69 Air tool with hose attachment for
centralized system (Minden Industrial Ltd)

Figure 3.70 Dust-free hand sanding tools: Vacbloc
and Vacfile (Minden Industrial Ltd)
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Questions

Sketch and describe each of the following hand
tools, giving an example of the type of work it
would be used for: (a) cross-pein and finishing
hammer (b) body spoon (c) planishing hammer.

List the hand tools which you would expect to find
in a body repairer’s toolkit.

Describe a suitable application for the use of
a flexible body file.

Describe a suitable application for (a) a toe dolly
(b) an anvil dolly.

Explain a repair situation where a body spoon
may be used instead of a panel dolly.

Sketch and describe four essential hand tools
used by the body repairer.

Name and explain the use of a hand tool which
would have the effect of spreading a blow, thus
reducing the stretching of the metal.

For what purpose would a sandbag and a
wooden hollowing block be used?

State a typical use for a pear-shaped mallet.

Describe a typical repair application in which a
pick hammer would be used.

Describe a repair situation in which each of the
following special hand tools would be used:

(a) impact driver (b) panel puller (c) edge setting
tool (d) door skinner.

Describe how the following four power tools could
be used by the body repair worker: (a) power saw
(b) spot-weld remover (c) bonded windscreen
cutter (d) miniature belt sander.

Describe the movement of a dual-action (DA)
sander.

In what circumstances would a grid dolly be
used?

Compare the advantages of a beating file with
those of a planishing hammer.

When referring to sheet metal snips, what do the
terms ‘right hand’ and ‘left hand’ mean?

Describe three types of sheet metal bench
stakes, and sketch one of them.
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Explain two safety precautions which must be
observed when using a cold chisel.

What safety precautions must be observed
before using an electric drilling machine?

Describe the safety measures which would be
necessary when using hand and small power
tools in a workshop.

What action should be taken to render a panel
hammer safe for further use after its head has
become loose?

Why are the teeth on a body file milled in a
curved formation?

Some beating files and panel hammers have
serrated faces. Explain the reasons for this.

Name a pneumatic tool which can be used for the
removal of a damaged panel section.

Name three types of spanner that could be used
by a body repair worker.

Describe the advantages of socket sets in
removing and replacing damaged panels.

Sketch a Torx screwdriver bit that could be used
with an impact screwdriver.

State the function of an air transformer and its
importance when used with power tools.

Explain the two different types of air hose
couplings used with pneumatic tools.

Explain the reason why the face of a planishing
hammer should be maintained in perfect
condition.

State the dangers of carrying sharp or pointed
tools in pockets or protective clothing.

When a fault develops on an electrical power
tool, what action must be taken?

Explain the reasons why some tools have a
built-in dust extraction system while others are
connected to a centralized dust extraction
system.

Identify and sketch two types of mole grips used
in body repair applications.

With the aid of a sketch, identify the BS symbol
used on power tools to indicate double insulation.



Metals and
non-metals used
IN vehicle bodies

4.1 Manufacture of steel coil and sheet
for the automobile industry

In the manufacture of steel coils, the raw material
iron ore is fed into a blast furnace, together with
limestone and coke; the coke is used as a source of
heat, while the limestone acts as a flux and sepa-
rates impurities from the ore. The ore is quickly
reduced to molten iron, known as pig iron, which
contains approximately 3—4 per cent carbon. In the
next stage of manufacture, the iron is changed into
steel by reheating it in a steel-making furnace and
blowing oxygen either into the surface of the iron
or through the liquid iron, which causes oxidation
of the molten metal. This process burns out impuri-
ties and reduces the carbon content from 4 per cent
to between 0.08 and 0.20 per cent.

4.1.1 Casting

The steel is cast into ingots; these are either heated
in a furnace and rolled down to a slab, or more com-
monly continuously cast into a slab. Slabs by either
casting process are typically 8—10 in (200-250 mm)
thick, ready for further rolling. These slabs are
reheated prior to rolling in a computer-controlled
continuous hot strip mill to a strip around twice the
thickness required for body panels. The strip is
closely wound into coil ready for further processing.

4.1.2 Pickling

Before cold rolling, the surfaces of the coils must
be cleaned of oxide or black scale formed during
the hot rolling process and which would otherwise

ruin the surface texture. This is done by pickling
the coils in either dilute hydrochloric acid or dilute
sulphuric acid and then washing them in hot water
to remove the acid. The acid removes both the
oxide scale and any dirt or grit which might also be
sticking to the surface of the coil.

4.1.3 Cold rolling

In the cold rolling process the coil is rolled either
in a single-stand reversing mill (narrow mills
using either narrow hot mill product or slit wide mill
product) or in a multiple-stand tandem mill to the
required thickness. Most mills are computer con-
trolled to ensure close thickness control, and employ
specially prepared work rolls to ensure that the right
surface standard is achieved on the rolled strip. The
cold rolling process hardens the metal, because mild
steel quickly work hardens. The cold rolled coils are
suitable for applications such as panelling where no
bending or very little deformation is needed. At this
stage the coil is still not suitable for the manufacture
of the all-steel body shell and it must undergo a fur-
ther process to soften it; this is known as annealing.

4.1.4 Annealing

Coils used for the manufacture of a car body must
not only have a bright smooth surface but must also
be soft enough for bending, rolling, shaping and
pressing operations, and so the hardness of cold
rolled coils to be used for car bodies must be
reduced by annealing. If annealing were carried out
in an open furnace this would destroy the bright



surface of the coil and therefore oxygen must be
excluded or prevented from attacking the metal dur-
ing the period of heating the coils.

The normal method of annealing the coils is box
annealing. The coils are stacked on a furnace base,
covered by an inner hood and sealed. The atmos-
phere is purged with nitrogen and hydrogen to
eliminate oxygen. A furnace is then placed over the
stack and fired to heat the steel coils to a tempera-
ture of about 650 °C for around 24 hours, depend-
ing upon charge size and steel grade.

4.1.5 Temper rolling

During the process of annealing the heat causes a
certain amount of buckling and distortion, and a
further operation is necessary to produce flat coils.
The annealed coil is decoiled and passed through a
single-stand temper mill using a specially textured
work roll surface, where it is given a light skin
pass, typically of 0.75-1.25 per cent extension.
This is necessary to remove buckles formed during
annealing, to impart the appropriate surface texture
to the strip, and to control the metallurgical proper-
ties of the strip. The strip is then rewound ready for
despatch or finishing as appropriate.

4.1.6 Finishing

The temper rolled coils can be slit to narrow coil,
cut to sheet, reinspected for surface critical appli-
cations, or flattened for flatness critical applica-
tions as appropriate. Material can be supplied with
a protective coating oil, and packed to prevent
damage or rusting during transit and storage.

4.2 Specifications of steels used
in the automobile industry

The motor body industry uses many different types
of steel. Low-carbon steel is used for general con-
structional members. High-tensile steels are used for
bolts and nuts which will be subjected to a heavy
load. Specially produced deep-drawn steel including
micro-alloyed steel is used for large body panels
which require complex forming. Zinc-coated steel
sheets are increasingly being specified for auto-
mobile production, both for body and chassis parts,
as improved corrosion protection is sought. Stainless
steel is used for its non-rusting, hard wearing and
decorative qualities. The many different types of
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springs used in the various body fittings are pro-
duced from spring steel, while specially hardened
steels make the tools of production. Drills, chisels,
saws, hacksaws and guillotine blades are all pro-
duced from special alloy steels, which are made
from an appropriate mixture of metals and elements.

Steel varies from iron chiefly in carbon content;
iron contains 3—4 per cent carbon while carbon steels
may contain from 0.08 per cent to 1.00 per cent
carbon. The chemical composition and mechanical
properties of these carbon steels, especially when
alloyed with other elements such as nickel,
chromium and tungsten, have been gradually stan-
dardized over the years, and now the different types
of steels used are produced to specifications laid
down by the British Standards Institution. A British
Standard specification defines the chemical composi-
tion and mechanical properties of the steel, and also
the method and apparatus to be used when testing
samples to prove that the mechanical properties are
correct. The tensile strength, and in the case of sheet
and strip steel the bend test, are the properties of
most interest, but the British Standard specification
also defines the elongation, the yield point and the
hardness of the steel.

The steels used in the motor trade may be grouped
as follows:

Cold forming steels

Carbon steels

Alloy steels

Free cutting steels

Spring steels

Rust-resisting and stainless steels.

AN N BN =

As each group may contain many different specifi-
cations, some idea of the variety of steels may be
gained. However, in the motor body industry the
specifications which apply are those pertaining to
cold forming steels, namely BS 1449: Part 1: 1983.

The greatest percentage of steel used in motor
bodies is in the form of coil, strip, sheet or plate.
Sheet steel is a rolled product produced from a
wide rolling mill (600 mm or wider); to come
under the heading of sheet steel, the steel must be
less than 3 mm thick. Steel 3—16 mm thick comes
under the heading of plate.

Tables 4.1, 4.2 and 4.3 are the specifications for
steel sheet strip and coil for the manufacture of
motor body shells in the automobile industry.
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Table 4.1 Symbols for material conditions: BS 1449: Part 1: 1983

Condition Symbol Description
Rimmed steel R Low-carbon steel in which deoxidation has been controlled to
produce an ingot having a rim or skin almost free from carbon
and impurities, within which is a core where the impurities are
concentrated
Balanced steel B A steel in which processing has been controlled to produce an ingot
with a structure between that of a rimmed and a killed steel. It is
sometimes referred to as semi-killed steel
Killed steel K Steel that has been fully deoxidized
Hot rolled on wide mills HR Material produced by hot rolling. This will have an oxide scale
narrow mills HS coating, unless an alternative finish is specified (see Table 4.2)
Cold rolled on wide mills CR Material produced by cold rolling to the final thickness
narrow mills CS
Normalized N Material that has been normalized as a separate operation
Annealed A Material in the annealed last condition (i.e. which has not been
subjected to final light cold rolling)
Skin passed SP Material that has been subjected to a final light cold rolling
Temper rolled Material rolled to the specified temper and qualified as follows:
H1 Eighth hard
H2 Quarter hard
H3 Half hard
H4 Three-quarters hard
H5 Hard
H6 Extra hard
Hardened and tempered HT Material that has been continuously hardened and tempered in order

to give the specified mechanical properties

4.3 Carbon steel

Carbon steels can be classified as follows (Table 4.3):

Low-carbon steel
Carbon-manganese steel
Micro-alloyed steel
Medium-carbon steel
High-carbon steel.

The properties of plain carbon steel are determined
principally by carbon content and microstructure,
but it may be modified by residual elements other
than carbon, silicon, manganese, sulphur and phos-
phorus, which are already present. As the carbon
content increases so does the strength and hardness,
but at the expense of ductility and malleability.

4.3.1 Low-carbon steel

For many years low-carbon steel (sometimes
referred to as mild steel) has been the predominant

autobody material. Low-carbon coil, strip and
sheet steel have been used in the manufacture of
car bodies and chassis members. This material has
proved an excellent general-purpose steel offering
an acceptable combination of strength with good
forming and welding properties. It is ideally suited
for cold pressings of thin steel sheet and is used for
wire drawing and tube manufacture because of its
ductile properties.

Low-carbon steel is soft and ductile and cannot
be hardened by heating and quenching, but can be
case hardened and work hardened. It is used exten-
sively for body panels, where its high ductility and
malleability allows easy forming without the dan-
ger of cracking. In general low-carbon steel is used
for all parts not requiring great strength or resist-
ance to wear and not subject to high temperature or
exposed to corrosion.

However, new factors such as a worldwide
requirement for fuel conservation for lighter-weight
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Table 4.2 Symbols for surface finishes and surface inspection: BS 1449: Part 1: 1983

Finish Symbol Description

Pickled P A hot rolled surface from which the oxide has been removed by
chemical means

Mechanically descaled D A hot rolled surface from which the oxide has been removed by
mechanical means

Full finish FF A cold rolled skin passed material having one surface free from blemishes
liable to impair the appearance of a high-class paint finish

General-purpose finish GP A cold rolled material free from gross defects, but of a lower standard
than FF

Matt finish M A surface finish obtained when material is cold rolled on specially
prepared rolls as a last operation

Bright finish BR A surface finish obtained when material is cold rolled on rolls having a
moderately high finish. It is suitable for most requirements, but is not
recommended for decorative electroplating

Plating finish PL A surface finish obtained when material is cold rolled on specially
prepared rolls to give one surface which is superior to a BR finish and
is particularly suitable for decorative electroplating

Mirror finish MF A surface finish having a high lustre and reflectivity. Usually available
only in narrow widths in cold rolled material

Unpolished finish up A blue/black oxide finish; applicable to hardened and tempered strip

Polished finish PF A bright finish having the appearance of a surface obtained by fine
grinding or abrasive brushing; applicable to hardened and
tempered strip

Polished and coloured blue PB A polished finish oxidized to a controlled blue colour by further heat

Polished and coloured yellow PY
Vitreous enamel VE

Special finish SF

treatment; applicable to hardened and tempered strip

A polished finish oxidized to a controlled yellow colour by further heat
treatment; applicable to hardened and tempered strip

A surface finish for vitreous enamelling of material of specially selected
chemical composition

Other finishes by agreement between the manufacturer and the purchaser

body structures, and safety legislation requiring
greater protection of occupants through improved
impact resistance, are bringing about a change in
materials and production technology. This has
resulted in the range of micro-alloyed steels known
as high-strength steels (HSSs) or high-strength low-
alloy steels (HSLAs).

4.3.2 Micro-alloyed steel

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. Therefore it is classed as a low-alloy high-
strength steel within the carbon range. As a result of
its strength, toughness, formability and weldability,

the car body manufacturers are using this material

to produce stronger, lighter-weight body structures.
A typical composition utilized for a micro-alloyed

high-strength steel (HSS) is as follows:

Percentage
Carbon (C) 0.05-0.08
Manganese (Mn) 0.80-1.00
Niobium (Nb) 0.015-0.065

The percentage of niobium used depends on the
minimum strength required.

Formable HSSs were developed to allow the auto-
motive industry to design weight out of the car in
support of fuel economy targets. A range of high-
strength formable steels with good welding and



Table 4.3 Summary of material grades, chemical compositions and types of steel available: BS 1449: Part 1: 1983

Chemical composition

C Si Mn
Material Rolled condition S P
grade (see Table 4.1) min. max. min. max. min. max. max. max.
Materials having specific requirements based on formability
% % % % % % % %
1 HR, HS, —, -, - 0.08 - - - 0.45 0.030 0.025 Extra deep drawing aluminium-Kkilled steel
1 -, —, CR, CS - 0.08 - - - 0.45 0.030 0.025 Extra deep drawing aluminium-killed
stabilized steel
2 HR, HS, CR, CS - 0.08 - - - 0.45 0.035 0.030 Extra deep drawing
3 HR, HS, CR, CS - 0.10 - - - 0.50 0.040 0.040 Deep drawing
4 HR, HS, CR, CS - 0.12 - - - 0.60 0.050 0.050 Drawing or forming
14 HR, HS, —, —, - 0.15 - - - 0.60 0.050 0.050 Flanging
15 HR, HS, —, —, - 0.20 - - - 0.90 0.050 0.060 Commercial
Materials having specific requirements based on minimum strengths
Carbon-manganese steels
34/20 HR, HS, CR, CS - 0.15 - - - 1.20 0.050 0.050 Available as rimmed (R), balanced (B)
37/23 HR, HS, CR, CS - 0.20 - - - 1.20 0.050 0.050 or killed (K) steels
43/25 HR, HS, —, —, - 0.25 - - - 1.20 0.050 0.050
50/35 HR, HS, —, —, - 0.20 - - - 1.50 0.050 0.050 Grain-refined balanced (B) or killed (K)
steel
Micro-alloyed steels
40/30 HR, HS, -, CS - 0.15 - - - 1.20 0.040 0.040 Grain-refined niobium- or titanium-treated
43/35 HR, HS, -, CS - 0.15 - - - 1.20 0.040 0.040 fully killed steels having high yield
46/40 HR, HS, -, CS - 0.15 - - - 1.20 0.040 0.040 strength and good formability
50/45 HR, HS, -, CS - 0.20 - - - 1.50 0.040 0.040
60/55 -, HS, -, CS - 0.20 - - - 1.50 0.040 0.040
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40F30
43F35
46F40
50F45
60F55
68F62
75F70

HR, HS, -, CS
HR, HS, -, CS
HR, HS, -, CS
HR, HS, -, CS
-, HS, -, CS
_ HS, - —

_ HS, -, —

0.12
0.12
0.12
0.12
0.12
0.12
0.12

1.20
1.20
1.20
1.20
1.20
1.50
1.50

0.035
0.035
0.035
0.035
0.035
0.035
0.035

Narrow strip supplied in a range of conditions for heat treatment and general engineering purposes

4

10
12
17
20
22
30

40
50
60
70
80
95

- HS, -, CS
- HS, -, CS
- HS, -, CS
- HS, -, CS
- HS, -, CS
- HS, -, CS
- HS, -, CS
- HS, -, CS
- HS, -, CS
- HS, -, CS
- HS, -, CS
- HS, -, CS
- HS, -, CS

0.08
0.10
0.15
0.15
0.20
0.25

0.35
0.45
0.55
0.65
0.75
0.90

0.12

0.15
0.15
0.20
0.25
0.25
0.35

0.45
0.55
0.65
0.75
0.85
1.00

0.10

0.05

0.05

0.05
0.05
0.05
0.05
0.05
0.05

0.35

0.35

0.35

0.35
0.35
0.35
0.35
0.35
0.35

0.60
0.40
0.40
1.30
0.40
0.50

0.50
0.50
0.50
0.50
0.50
0.30

0.60

0.90
0.60
0.60
1.70
0.60
0.90

0.90
0.90
0.90
0.90
0.90
0.60

0.050

0.045
0.050
0.050
0.045
0.050
0.045

0.045
0.045
0.045
0.045
0.045
0.040

0.030
0.030
0.030
0.030
0.030
0.030
0.030

0.050

0.045
0.050
0.050
0.045
0.050
0.045

0.045
0.045
0.045
0.045
0.045
0.040

The steels including F in their designations
in place of the oblique line offer superior
formability for the same strength levels

Low-carbon steel available hot rolled,
annealed, skin passed or cold rolled to
controlled hardness ranges H1 to
H6 inclusive

For case hardening
A range of carbon steels available in the hot
rolled or annealed condition

A range of carbon steels for use in the hot
rolled, normalized, annealed and (except
for grade 95) in the temper rolled (half
hard) conditions. Grades 40 and 50 may
be induction or flame hardened and grades
60, 70, 80 and 95 may be supplied in the
hardened and tempered condition
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painting characteristics have been developed. The
steels are hot rolled for chassis and structural com-
ponents, and cold reduced for body panels. Through
carefully controlled composition and processing
conditions, these steels achieve high strength in
combination with good ductility to allow thinner
gauges to be used: a reduction from 0.90 mm down
to 0.70 mm is a general requirement.

There was a danger that the new HSS, thinner
but just as strong, would lack the ductility
which allows it to be press formed into shape.
This problem was overcome by the use of micro-
alloying. In a metal crystal the atoms are in
layers; when the crystals are stretched (as in
forming), one layer of atoms slides over another.
The layers of atoms slide like playing cards in a
pack, and in doing so are changing shape in a
ductile way. The sliding can be controlled by
adding elements to the steel such as niobium
or titanium. The element reacts with the carbon
to produce fine particles which spread through
the steel. The element controls the ductility and
strengthens the steel, thereby improving the
properties of the material.

These steels are low carbon, employing solution
strengthening (cold reduced rephosphorized) or
precipitation hardening (hot rolled and cold
reduced micro-alloyed) elements to produce fine-
grained steels which are suitable for welding by
spot and MIG processes only.

4.3.3 Medium-carbon steel

This can be hardened by quenching, and the amount
it can be hardened increases with its carbon content.
This type of steel can be used for moving parts such
as connecting rods, gear shafts and transmission
shafts, which require a combination of toughness
and strength, but it is being replaced in the car
industry by high-alloy steels.

4.3.4 High-carbon steel

This can be hardened to give a very fine cutting
edge, but with some loss of its ductile and mal-
leable properties. It is used for metal and wood
cutting tools, turning tools, taps and dies, and
forging and press dies because of its hardness
and toughness, but is seldom used now for motor
vehicle parts because of the introduction of high-
alloy steels.

4.3.5 Zinc coated steels

The automotive industry, in seeking to provide
extended warranties, is turning increasingly to the
use of zinc coated steels. Modern automobiles
must be not only of high quality but also durable
and economical, as perceived by their purchasers.
These vehicles are expected to exceed an average
of seven years without structural or cosmetic dete-
rioration due to corrosion. Increasingly aggressive
environmental influences tend to shorten the life of
the car, whereas ever more specialized steel sheets
are being incorporated into vehicle construction in
the battle against corrosion.

The use of zinc coated steels has dramatically
increased to meet these challenges. Different
areas of a vehicle require different zinc coatings
and coating weights to meet appearance and per-
formance criteria. These are available in both
hot dipped (BS 2989: 1982) and electrolytically
deposited (BS 6687: 1986) versions in a range of
coating weights or thickness. Both types offer
barrier and sacrificial corrosion protection, and
the choice of product depends on the particular
application and requirements. The hot dip product
(available as plain zinc, or iron-zinc alloy) is gen-
erally used for underbody parts. The electrolytic
product is used for exposed body panels, where a
full-finish surface quality is available to ensure
that a showroom paint finish is achieved. The
electrolytic product is available in single-sided
and double-sided coating. (See Figure 4.1.)

Single-sided zinc coated steel Free zinc is applied
to one side of a steel sheet by either the hot dip or
the electrolytic process for this material. Its
uncoated side provides a good surface for paint
appearance, so it is used mainly for outer body pan-
els. Since free zinc is towards the inside of the car,
it protects against perforation corrosion.
One-and-a-half-sided zinc coated steel In this
case, one side of the sheet is coated with free zinc,
and a thin layer of zinc-iron alloy is formed on the
other side. This product is produced mainly by the
hot dip process. It is primarily used for exposed
panels, where the zinc-iron layer is on the outside
for cosmetic protection and the free zinc side pro-
vides perforation protection.

Double-sided zinc coated steel This product is
manufactured by applying free zinc to both
sides of the sheet with equal or differential
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Front grille panel

Reinforcement

Front bumper mounting
reinforcement RH and LH

Bonnet lock reinforcement RH

and LH

Front wing RH and LH

Bonnet lock panel

Front suspension turret stiffener
RH and LH

Front wheel arch gussets RH

and LH

Front bulkhead stiffener RH

and LH

Front inner wing RH and LH

Front suspension turret RH and LH
A-post reinforcement RH and LH
Body side gussets RH and LH
Body side RH and LH

Inner sill RH and LH

Inner sill reinforcement RH and LH
B-post gusset RH and LH

Upper dash panel

Bonnet skin

Bonnet frame

Dash stiffener RH and LH

Front chassis leg closing panel
RH and LH

Front chassis leg gusset RH and LH
Front chassis leg RH and LH

A = Galvanized one side only
B = Galvanized both sides
C = Galvanized layer applied individually
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Body shell panels showing galvanized protection (Motor Insurance Repair Research Centre)

Front door frame stiffener RH and LH
Front door skin RH and LH

Rear door skin RH and LH

Rear door frame RH and LH

Rear door frame stiffener RH and LH
Rear door frame gusset RH and LH
Rear door skin stiffener RH and LH
Rear door lock stiffener RH and LH
Front window frame stiffener RH and LH
Front door frame RH and LH

Front door skin stiffener RH and LH
Front door lock stiffener RH and LH
Sill rear gusset RH and LH

Rear chassis leg RH and LH
Floor/heelboard gussets

Rear chassis leg gusset RH and LH
Boot floor cross members

RH boot floor brace closing panel
Boot floor brace RH and LH

Boot floor bracket RH and LH

Rear bumper mounting gusset RH and LH
Boot lid frame

Exhaust rear hanger stiffener

Boot lid skin

Boot lid lock mounting stiffener

Rear wing RH and LH

Rear suspension turret RH and LH
Suspension turret capping RH and LH
Boot floor side extension RH and LH
Quter rear wheel arch RH and LH
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coating weight. All types are readily paintable
and weldable. However, care should be taken to
ensure that welding conditions are comparable
with the material used: for example, higher weld
current ratings may be necessary on the heavier
coatings.

4.4 Alloy steels

Alloy steel 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 (see Section 4.3.2 on micro-alloyed
steel).

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 than is normally present in carbon steel.
This section is concerned primarily with high-alloy
steels.

Alloy steels usually take the name of the ele-
ment or elements, in varying percentages, having
the greatest influence on the characteristics of
the alloy.

Chromium Increased hardness and resistance to
corrosion.

Cobalt Increased hardness, especially at high
temperatures.

Manganese High tensile strength, toughness and
resistance to wear.

Molybdenum Increased hardness and strength at
high temperatures.

Nickel Increased tensile strength,
hardness and resistance to fatigue.
Niobium Strong carbide forming effect; increases
tensile strength and improves ductility.

Silicon Used as a deoxidizing agent, and has the
slight effect of improving hardness.

Titanium Strong carbide forming element.
Tungsten Greater hardness, especially at high
temperatures; improved tensile strength and resist-
ance to wear.

Vanadium Increased toughness and resistance to
fatigue.

toughness,

Correct heat treatment is essential to develop the
properties provided by alloying elements.

There are many alloy steels containing different
combinations and percentages of alloying elements,
of which some of the most popular are as follows:

High-tensile steel Used whenever there is an essen-
tial need for an exceptionally strong and tough
steel capable of withstanding high stresses. The
main alloying metals used in its manufacture are
nickel, chromium and molybdenum and such steels
are often referred to as nickel-chrome steels. The
exact percentage of these metals used varies accord-
ing to the hardening processes to be used and the
properties desired. Such steels are used for gear
shafts, engine parts and all other parts subject to high
stress.

High-speed steels These are mostly used for cut-
ting tools because they will withstand intense heat
generated by friction and still retain their hardness
at high temperatures. It has been found that by
adding tungsten to carbon steel, an alloy steel is
formed which will retain a hard cutting edge at
high temperatures. High-speed steels are based on
tungsten or molybdenum or both as the primary
heat-resisting alloying element; chromium gives
deep hardening and strength, and vanadium adds
hardness and improves the cutting edge.
Manganese steel An addition of manganese to
steel produces an alloy steel which is extremely
tough and resistant to wear. It is used extensively
in the manufacture of chains, couplings and hooks.
Chrome-vanadium steel This contains a small
amount of vanadium which has the effect of intensi-
fying the action of the chromium and the manganese
in the steel. It also aids in the formation of carbides,
hardening the alloy and increasing its ductility.
These steels are valuable where a combination of
strength and ductility are desired. They are often
used for axle half-shafts, connecting rods, springs,
torsion bars, and in some cases hand tools.
Silicon-manganese steel This is a spring steel using
the two elements of manganese and silicon. These
steels have a high strength and impact resistance and
are used for road springs and valve springs.

4.4.1 High-strength steel

High-strength steel have been introduced into auto-
motive 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) steel,



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 cri-
sis. Lighter car means 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 Vehicle Concepts
(ULSB — ACV) group. This further research has
led to the concept of advanced high-strength steel
(AHSS) as the materials have been developed and
understood.

Cost

Steel costs about one-fifth of the price of alu-
minium when bought in the quantities needed by a
car maker. Also the iron and steel industry has hun-
dreds 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 of thinner metal as they are likely to sag.
If you look at the swage lines on the latest vehi-
cles, 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 other. Generally the
extra strength of HSS is brought about by changes
in the steel microstructure during the steel pro-
cessing. The following paragraphs discuss the dif-
ferent types of HSS and AHSS steels.

HSS are also known as re-phosphorized — added
phosphorous; isotropic — added silicone and bake
hardened — strain 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.
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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.

Dual 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.

Transformation induced plasticity (TRIP) steel
has a yield strength of between 500 and 800 MPa
with greater figures attainable in some cases. TRIP
steels may be alloyed with higher quantities of car-
bon and silicone and aluminium. The strength is
triggered by work hardening by the stress induced
during the stamping or forming process. That is,
the retained austenite is transformed into marten-
site by the increasing strain during the stamping or
other forming process.

Complex phase (CP) steel has a yield strength of
800—1200 MPa. CP steel has a very fine microstruc-
ture 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 recog-
nize HSS and AHSS panels by sight. Therefore it is
essential to follow the guidelines offered by the vehi-
cle manufacturer on recommended repair methods.
As a general guide, look out for parts such as ‘A’, ‘B’
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and ‘C’ posts, screen pillars, cant rails and strength-
ening cross members on cars made after about 1990.
On new cars look out for panels with large swage
lines, remember that the pressing process triggers the
hardening of the metal and so makes the panel stiff
both in shape and in microstructure. Damaged AHSS
and HSS panels are not readily repairable as the
impact changes the microstructure, making the metal
harder. So, panel beating is not an option, replace-
ment panels must be fitted in most cases.

The normal method of joining HSS and AHSS
panels is by spot welding. The heat and pressure
involved in the welding process changes the
microstructure of the metal, so great care is needed
in this process. Again, follow manufacturer’s
instruction on these repairs. It is sensible to do
tests before spot welding the new panels. You can
use the undamaged sections of the panels which
you have removed for test welds, changing weld
time and current, then cutting through the welded
area to check for penetration and adhesion.

Any form of applied heat to HSS and AHSS
panels should be avoided, this includes trying to
anneal or soften the panel for the purposes of
straightening, heat shrinking or oxyacetylene cut-
ting. Neither MIG plugging nor cold working are
recommended. Remember that the nature of these
processes will affect a change to the properties of
the steel, and that the energy of the impact will
have had the same effect on the panel.

Guide to spotting AHSS and HSS panels

* Look for reinforced areas such as door pillars
and cross bracing areas, and where two or more
panel parts over lap each other.

* Look for body panels with pronounced sharp
swage lines.

* Feel for very thin panels.

e Listen for panels which when tapped gently
give a crisp metallic ring.

4.4.2 Boron steel

A particular type of HSS is referred to as Boron
steel, containing a very small amount of boron,
typically 0.001-0.004 percent. This steel is used by
many of the major manufacturers such as Vauxhall
and requires special repair techniques. To join
boron steel panels the method used is often MIG
brazing. See 12.13.3.

4.5 Stainless steel

The discovery of stainless steel was made in 1913
by Harry Brearley of Sheffield, while he was experi-
menting with alloy steels. Among the samples
which he threw aside as unsuitable was one contain-
ing about 14 per cent chromium. Some months later
he saw the pile of scrap test pieces and noticed that
most of the steels had rusted but the chromium steel
was still bright. This led to the development of stain-
less steels. The classic Rolls-Royce radiator was one
of the first examples of the use of stainless steel.

The designer, engineer or fabricator of a particu-
lar component may think that stainless steel is
going to be both difficult to work and expensive.
This is quite wrong, and perhaps stems from the
fact that many people tend to fall into the trap of
the generic term ‘stainless steels’. In fact, this is
the title for a wide range of alloys. Therefore if
such materials are to be used effectively and maxi-
mum advantage is to be taken of the many benefits
they have to offer, there should be very close col-
laboration and consultation over which grade of
stainless steel is best for the particular job in hand.

There are over 25 standard grades of stainless
steel specified by BS 1449: Part 2. Each provides a
particular combination of properties, some being
designed for corrosion resistance, some for heat
resistance and others for high-temperature creep
resistance. Many, of course, are multipurpose alloys
and can be considered for more than one of these
functions. In terms of composition, there is one ele-
ment common to all the different grades of stainless
steel. This is chromium, which is present to at least
10 per cent. It is this element which provides the
basis of the resistance to corrosion by forming what
is known as a ‘passive film’ on the surface of the
metal. This film is thin, tenacious and invisible and
is essentially a layer of chromium oxide formed by
the chromium in the steel combining with the oxy-
gen in the atmosphere. The strength of the passive
film, in terms of resistance to corrosion, increases
within limits with the chromium content and with
the addition of other elements such as nitrogen and
molybdenum. The formation of the passive film,
therefore, is a natural characteristic of this family of
steels and requires no artificial aid. Consequently, if
stainless steels are scratched or cut or drilled, the
passive film is automatically and instantaneously
repaired by the oxygen in the atmosphere.
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Table 4.4 Typical stainless steels used in vehicles: BS 1449: Part 2

Steel grade Typical alloying elements (%) Characteristics Typical applications

Austenitic

301 S21 17Cr 7Ni Good corrosion resistance Riveted body panels, wheel covers,

hubcaps, rocker panel mouldings

304 S16 18Cr 10Ni 0.06C Good corrosion resistance Mild corrosive tankers

305 S19 18Cr 11Ni 0.10C Low work hardening rate Rivets

316 S31 17Cr 11Ni 2.25Mo 0.07C Highest corrosion resistance Road tankers for widest cargo
of the commercial grades flexibility

Ferritic

409 S19 11Cr 0.08C + Ti Reasonable combination Exhaust systems and catalytic
of weldability, formability converter components and freight
and corrosion resistance container cladding

430 S17 17Cr Good corrosion resistance. Tanker jackets, interior trim, body
Can be drawn and formed mouldings, windshield wiper arms

Martensitic

410 S21 13Cr 0.12C Corrosion resistant. Titanium modified for silencer

Heat-treatable composition

components

capable of high hardness

Stainless steels can be conveniently divided into
the following three main groups:

Austenitic  Generally containing 16.5-26 per cent
chromium and 4-22 per cent nickel.

Ferritic Usually containing 12-18 per
chromium.

Austenitic/ferritic duplex Usually containing 22 per
cent chromium, 5.5 per cent nickel, 3 per cent
molybdenum, and 0.15 per cent nitrogen.
Martensitic Based on a chromium content of
11-14 per cent, although some grades may have a
small amount of nickel.

cent

Of the above groups, the austenitic steels are by far
the most widely used because of the excellent
combination of forming, welding and corrosion-
resisting properties that they offer. Providing that
the correct grade is selected as appropriate to the
service environment, and that the design and pro-
duction engineering aspects are understood and
intelligently applied, long lives with low mainte-
nance costs can be achieved with these steels.
HyResist 22/5 duplex is a highly alloyed
austenitic/ferritic stainless steel. It has more than
twice the proof strength of normal austenitic stain-
less steels whilst providing improved resistance to
stress corrosion cracking and to pitting attacks. It

possesses good weldability and can be welded by
conventional methods for stainless steel. The high
joint integrity achievable combined with good
strength and toughness permit fabrications to be
made to a high standard. It is being increasingly
used in offshore and energy applications.

Table 4.4 shows typical stainless steels used in
motor vehicles.

4.6 Aluminium

In the present-day search for greater economy in the
running of motor vehicles, whether private, public
or commercial, the tendency is for manufacturers to
produce bodies which, whilst still maintaining their
size and strength, are lighter in weight. Aluminium
is approximately one-third of the weight of steel,
and aluminium alloys can be produced which have
an ultimate tensile strength of 340-620 MN/m?2. In
the early 1920s the pioneers of aluminium construc-
tion were developing its use for both private
and commercial bodies; indeed, the 1922 40 hp
Lanchester limousine body had an aluminium alloy
construction for the bulkhead and bottom frame, and
aluminium was used for all the body panels. Before
the Second World War aluminium was used mainly
for body panels, but since the war aluminium alloys
have been and are now being used for body
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structures. Although aluminium is more expensive
than steel, it is easy to work and manipulate and
cleaner to handle. It also has the advantage of not
rusting, and, provided that the right treatment is
adopted for welding, corrosion is almost non-exis-
tent. In recent years the use of aluminium and alu-
minium alloys for motor bodies, especially in the
commercial field, has developed enormously.

In the modern motor body 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. One square metre of 1.6 mm thick
aluminium weights 4.35 kg while one square metre
of 1.00 mm thick steel weighs 7.35 kg; the use of
aluminium results in a saving in weight of just
under 40 per cent.

The non-rusting qualities of the aluminium group
are well known and are another reason for their use
in bodywork. An extremely thin film of oxide forms
on all surfaces exposed to the atmosphere, and even
if this film is broken by a scratch or chip it will
reform, providing complete protection for the metal.
The oxide film, which is only 0.0002 cm thick, is
transparent, but certain impurities in the atmosphere
will turn it to various shades of grey.

4.6.1 Production

The metal itself has only been known about
130 years, and the industrial history of aluminium
did not begin until 1886 when Paul Heroult in
France discovered the basis of the present-day
method of producing aluminium. Aluminium is
now produced in such quantities that in terms of
volume it ranks second to steel among the indus-
trial metals. Aluminium of commercial purity con-
tains at least 99 per cent aluminium, while higher
grades contain 99.5-99.8 per cent of pure metal.

In the production of aluminium, the ore bauxite
is crushed and screened, then washed and pumped
under pressure into tanks and filtered into rotating
drums, which are then heated. This separates the
aluminium oxide from the ore. In the next stage the
aluminium oxide is reduced to the metal alu-
minium by means of an electrolytic reduction cell.
This cell uses powdered cryolite and a very heavy
current of electricity to reduce the aluminium
oxide to liquid metal, which passes to the bottom
of the cell and is tapped off into pigs of aluminium
of about 225 kg each.

4.6.2 Types of sheet

Sheet, strip and circle blanks are sold in hard and
soft tempers possessing different degrees of ductility
and tensile strength. Sheet is supplied in gauges
down to 0.3 mm, but it is generally more economi-
cal to order strip for gauges less than 1.6 mm.

4.6.3 Manufacturing process

Sheet products are first cast by the semicontinuous
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 fol-
lowed by cold rolling, which imparts finish and tem-
per 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).

4.7 Aluminium alloys

From the reduction centre the pigs of aluminium are
remelted and cast into ingots of commercial purity.
Aluminium alloys are made by adding specified
amounts of alloying elements to molten aluminium.
Some alloys, such as magnesium and zinc, can be
added directly to the melt, but higher-melting-point
elements such as copper and manganese have to be
introduced in stages. Aluminium and aluminium
alloys are produced for industry in two broad groups:

1 Materials suitable for casting

2 Materials for the further mechanical production
of plate sheet and strip, bars, tubes and extruded
sections.

In addition both cast and wrought materials can be
subdivided according to the method by which their
mechanical properties are improved:

Non-heat-treatable alloys Wrought alloys, includ-
ing pure aluminium, gain in strength by cold work-
ing 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 100-200 °C.

The most commonly used elements in aluminium
alloys are copper, manganese, silicon, magne-
sium and zinc. The manufacturers can supply
these materials in a variety of conditions. The



non-heat-treatable alloys can be supplied either
as fabricated (F), annealed (O) or strain hardened
(H1, H2, H3). The heat-treatable alloys can be
supplied as fabricated (F) or annealed (O), or,
depending on the alloy, in variations of the heat
treatment processes (T3, T4, TS, T6, TS).

4.7.1 Wrought light aluminium alloys:
BS specifications 1470-75

Material designations
Unalloyed aluminium plate, sheet and strip:

1080A commercial pure aluminium
99.8 per cent

1050A commercial pure aluminium
99.5 per cent

commercial pure aluminium
99.0 per cent

1200

Non-heat-treatable aluminium alloy plate, sheet and
strip:

3103  AIMN

3105  AlMnMg

5005  AlMg

5083  AlMgMn

5154A AlMg

5251 AlMg

5454  AlMgMn

Heat-treatable aluminium alloy plate, sheet and strip:
2014A AlCuSiMg

Clad 2014A  AlCuSiMg clad with pure aluminium
2024 AlCuMg

Clad 2024  AlCuMg

Clad 2024  AlCuMg clad with pure aluminium
6082 AlSiMgMn

Abbreviations for basic temper

As fabricated: F The temper designation F applies
to the products of shaping processes in which no spe-
cial control over thermal conditions or strain harden-
ing is employed. For wrought products there are no
specified requirements for mechanical properties.
Annealed: O The temper designation O applies
to wrought products which are annealed to obtain
the lowest strength condition.

Abbreviations for strain hardened materials
The temper designation H for strain hardened
products (wrought products only) applies to
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products subjected to the application of cold
work after annealing (hot forming) and partial
annealing or stabilizing, in order to achieve the
specified mechanical properties. The H is always
followed by two or more digits, indicating the
final degree of strain hardening. The first digit
(1, 2 or 3) indicates the following:

H1 strain hardened only
H2 strain hardened and partially annealed
H3 strain hardened and stabilized

The second digit (2, 4, 6 or 8) indicates the degree
of strain hardening, as follows:

HX2 tensile strength approximately midway
between O temper and HX4 temper

HX4 tensile strength approximately midway
between O temper and HXS8 temper

HX6 tensile strength approximately midway

between HX4 temper and HX8 temper
HXS8 full hard temper

Abbreviations for heat-treated materials

The temper designation T applies to products which
are thermally treated, with or without supplementary
strain hardening, to produce stable tempers. The T is
always followed by one or more digits, indicating the
specific sequence of treatments as follows:

T3 solution heat treated, cold worked, and natu-
rally aged to a substantially stable condition

T4 solution heat treated and naturally aged to a
substantially stable condition

TS5 cooled from an elevated temperature shaping
process and then artificially aged

T6 solution heat treated and then artificially aged

T8 solution heat treated, cold worked and then
artificially aged

The additional digits for the T tempers TXS1 indi-
cate that the products have been stress relieved by
controlled stretching.

Tables 4.5, 4.6, 4.7 and 4.8 show the characteris-
tics and properties of aluminium alloys.

4.7.2 Aluminium alloys used in bodywork

The choice of material and the condition in which
it is required must depend largely upon design
requirements and the manufacturing processes
within the factory. The alloys most commonly used
in vehicle body work are as shown in Table 4.9.
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e 4.5 General characteristics of all wrought forms of aluminium alloys

General characteristics

Inert-gas ~ Welding
shielded resistance (spot,

Purity Temper or ~ Cold arc (MIG  seam, flash
oralloy  condition forming  Machining  Durability — or TIG) butt or stud)>< Oxy-acetylened
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Materials are graded thus: E excellent; V very good; F fair; P poor; N not recommended.

The mechanical properties of work hardened or heat-treated materials will be reduced in the vicinity of the weld.

The weld zone is generally discernible after anodic treatment, the degree depending on the material and welding process.
The oxy-acetylene process is normally recommended only for material thinner than 64 mm.

Filler or electrode of other than parent metal composition is recommended.

Applicable at temperature of 70 °C and less.



Table 4.6 Chemical composition limits! and mechanical properties of unalloyed aluminium plate, sheet and strip (BS 1470)

Elongation on 50 mm

Others® Thickness Tensile strength El on
R Materials thicker than 5.65 \E,, over

Material Tolerance ~ Silicon Iron  Copper M. M i Ch Nickel Zinc Gallium Titanium Each Total ~Aluminium > = Min. Max. 0.5mm  0.8mm  1.3mm 2.6 mm  3.0mm  12.5 mm thick
designation category (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)  min. (%) Temper* (mm) (mm) (N/mm?) (N/mm?) min. (%) min. (%) min. (%) min. (%) min. (%) (min.) (%)
1080A A 0.15 0.15 0.03 0.02 0.02 - - 0.06 0.03 0.02 0.02 - 99.803) F 3.0 250 - - - - - - -

[¢] 0.2 6.0 - 90 29 29 29 35 35 -

H14 0.2 125 90 125 5 6 7 8 8 -

HI8 0.2 3.0 125 - 3 4 4 5 - -
1050A A 0.25 0.40 0.05 0.05 0.05 - - 0.07 - 0.05 0.03 - 99.50% F 3.0 250 - - - - - - - -

[e] 0.2 6.0 55 95 22 25 30 32 32 -

HI2 0.2 6.0 80 115 4 6 8 9 9 -

H14 0.2 125 100 135 4 5 6 6 8 -

HI8 0.2 3.0 135 - 3 3 4 4 - -
1200 A 1.0 Si + Fe 0.05 0.05 - - - 0.10 - 0.05 0.05 0.15 99.99% F 3.0 250 - - - = — - - —

o 0.2 6.0 70 105 20 25 30 30 30

HI12 0.2 6.0 90 125 4 6 8 9 9 -

Hl4 0.2 125 105 140 3 4 5 5 6

H16 0.2 6.0 125 160 2 3 4 4 4 -

HI8 0.2 3.0 140 - 2 3 4 4 - -
1 Composition in per cent (m/m) maximum unless shown as a range or a minimum.
2 Analysis is regularly made only for the elements for which specific limits are shown. If, however, the presence of other elements is suspected to be, or in the case of routine analysis is

indicated to be, in excess of the specified limits, further analysis should be made to determine that these other elements are not in excess of the amount specified.

The aluminium content for unalloyed aluminium not made by a refining process is the difference between 100.00% and the sum of all other metallic elements in amounts of 0.010% or more

each, expressed to the second decimal before determining the sum.

An alternative method of production, designated H2, may be used instead of the HI routes, subject to agreement between supplier and purchaser and providing that the same specified

properties are achieved.



Table 4.7 Chemical composition limits! and mechanical properties of aluminium alloy plate, sheet and strip (non-heat-treatable) (BS 1470)

Elongation on 50 mm

El i

Others* Thickness 0.2% Tensile strength on

Other _— —— proof —————————— Materials thicker than 5.65‘&0&*#

Material Tolerance Silicon Iron Copper M M. i Ch i Nickel Zinc restrictions Titanium Each Total ~Aluminium > = stress min.  Min. Max. 05mm 08mm 13mm 2.6mm 3.0mm 12.5 mm thick

designation category (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) Temper® (mm) (mm) (N/mm2) — (N/mm2) (N/mm?) min. (%) min. (%) min. (%) min. (%) min. (%) (min.)

3103 A 0.50 0.7 0.10 0.9-1.5 0.30 0.10 - 0.20 0.10 - 0.05 0.15 Rem. F 02 250 - - - - - - - - -
Zr+ Ti (0] 0.2 60 - 90 130 20 23 24 24 25 -
HI12 02 60 - 120 155 5 6 7 9 9 -
H14 02 125 - 140 175 3 4 5 6 7 -
H16 02 60 - 160 195 2 3 4 4 4 -
HI8 02 30 - 175 - 2 3 4 4 - -
3105 A 0.6 0.7 0.30 0.30-0.8  0.20-0.8  0.20 - 040 - 0.10 0.05 0.15 Rem. o 02 30 - 110 155 16 18 20 20 - -
HI2 02 30 115 130 175 2 3 4 5 - -
Hi14 02 30 145 160 205 2 2 3 4 - -
H16 02 30 170 185 230 1 1 2 3 - -
H18 02 30 19 215 - 1 1 1 2 - -
5005 A 0.30 0.7 0.20 0.20 0.50-1.1 0.10 - 025 - - 0.05 0.15 Rem. o 02 30 - 95 145 18 20 21 22 - -
HI2 02 30 80 125 170 4 5 6 8 - -
H14 02 30 100 145 185 3 3 5 6 - -
HI18 02 30 165 185 - 1 2 3 3 -
5083 B 040 040 0.10 0.40-1.0  4.0-4.9 0.05-0.25 - 025 - 0.15 0.05 0.15 Rem. F 30 250 - - - - - - - -
o 02 80.0 125 275 350 12 14 16 16 16 14
H22 02 6.0 235 310 375 5 6 10 8 -
H24 02 60 270 345 405 4 5 6 8 6 -
5154A B 0.50 050 1.10 0.50 3.1-3.9 0.25 - 0.20 0.10-0.50  0.20 0.05 0.15 Rem. o 02 60 85 215 275 12 14 16 18 18 -
Mn + Cr H22 02 60 165 245 295 5 6 7 8 8 -
H24 02 60 225 275 325 4 4 4 6 6 -
5251 A 040 050 0.15 0.10-0.50  1.7-2.4 0.15 - 0.15 - 0.15 0.05 0.15 Rem. F 30 250 - - - - - - - -
o 02 6.0 60 160 200 18 18 18 20 20 -
H22 02 60 130 200 240 4 5 6 8 8 -
H24 02 60 175 225 275 3 4 5 5 5 -
H28 02 30 215 255 285 2 3 3 4 4 -
5454 B 025 040 0.10 0.50-1.0  2.4-3.0 0.05-0.20 - 025 - 0.20 0.05 0.15 Rem. F 30 250 - - - - - - - - -
o 02 60 80 215 285 12 14 16 18 18 -
H22 02 3.0 180 250 305 4 5 7 8 - -
H24 02 30 200 270 325 3 4 5 6 - -

* Remainder

1 Composition in per cent (m/m) maximum unless shown as a range or a minimum.
Analysis is regularly made only for the elements for which specific limits are shown. If, however, the presence of other elements is suspected to be, or in the case of routine analysis is
indicated to be, in excess of the specified limits, further analysis should be made to determine that these other elements are not in excess of the amount specified.

3 An alternative method of production, designated H2, may be used instead of the H1 routes, subject to agreement between supplier and purchaser and providing that the same specified
properties are achieved.



Table 4.8 Chemical composition limits and mechanical properties of aluminium alloy plate, sheet and strip (heat-treatable) (BS 1470)

Elongation on 50 mm

El

Others* Thickness 0.2% Tensile strength L on
Other proof Materials thicker than 5.65 \/Eu over
Material Tolerance Silicon — Iron Copper M M Ch Nickel Zinc restrictions Titanium Each Total Aluminium > = stress min. Min. Max. 05mm 08mm 13mm 2.6mm 3.0mm 12.5 mm thick
designation category (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) Temper3 (mm) (mm) (N/mm?)  (N/mm?2) (N/mm?) min. (%) min. (%) min. (%) min. (%) min. (%) (min.)
2014A B 0.50-0.9 0.50 3.9-5.0 0.40-12  020-08  0.10 0.10 025 0.20 0.15 0.05 0.15 Rem.” 0 02 60 110 - 235 14 14 16 16 16 -
Zr +Ti T4 02 60 225 400 - 13 14 14 14 14 -
T6 02 60 380 440 - 6 6 7 7 8 -
T451 6.0 250 250 400 - - - - - 14 12
250 40.0 250 400 - - - - - - 10
40.0 80.0 250 395 - - - - - - 7
Clad B 0.50-0.9 0.50 3.9-5.0 0.40-1.2  0.20-08  0.10 0.10 025 0.20 0.15 0.05 0.15 Rem. T651 6.0 250 410 460 - - - - - - 6
2014A Zr +Ti 250 40.0 400 450 - - - - - - 5
400 60.0 390 430 - - - - - - 5
60.0 90.0 390 430 - - - - - - 4
90.0 115.0 370 420 - - - - - - 4
115.0 140.0 350 410 - - - - - - 4
2024 B 0.50 0.50 3.8-4.9 0.30-0.9 1.2-1.8 0.10 - 025 — 0.15 0.05 0.15 Rem. o 02 60 100 - 220 14 14 16 16 16 -
T4 02 1.6 240 385 - 13 14 14 - -
1.6 6.0 245 395 - - - - 14 14 -
T6 0.2 1.6 345 420 - 7 7 8 9 - -
1.6 6.0 355 420 - - - - 9 -
o 02 60 110 - 235 12 12 14 14 14 -
T3 02 16 290 440 - 11 11 11 - - -
1.6 60 29 440 - - - - 12 12 -
T351 6.0 250 280 430 - - - - - 10 10
250 40.0 280 420 - - - - - - 9
40.0 60.0 270 410 - - - - - - 9
60.0 90.0 270 410 - - - - - - 8
90.0 115.0 270 400 - - - - - - 8
115.0 140.0 260 390 - - - - - - 7

“Remainder



Table 4.9 Standard aluminium alloys: availability, physical properties, and applications

Nominal
composition:
% alloying Physical properties
elements
Related BS/GE  (remainder Coefficient
specification aluminium Standard forms® of linear
Purity or (BS 1470-1475) and normal Melting  expansion Typical road transport
alloy (new (old BS alloy impurities) Hollow Density range °C per °C applications
nomenclature) designation) Mg Si  Mn Sheet Plate Extrusions extrusions Tube g/cm® Ib/in® (approx.) (20-100°C)
Non-heat-treatable alloys
1200 IC - - - X X X X X 271 0.098 660 0.000 0235  Vehicle panelling where panel
beating is required; mouldings
and trim. Tank cladding
3103 N3 - - 12 X X xb xb xb 273 0.099 645-655 0.000 0235 Flat panelling of vehicles and
general sheet metal work.
Tank cladding
5251 N4 2.25 - 04 X X X - X 2.69  0.097 595-650 0.000 024 Body panelling. Head boards
and drop sides. Truss panels in
buses. Cab panelling. Tanker
shells and divisions
5154A N5 35 - 04 X - X - X 2.67 0.096 600-640 0.0000245 Welded body construction.
Tipper body panelling. Truss
panels in buses
5454 N51 2.7 - 08 Tanker shells and divisions
5083 N8 4.5 - 05 X X X - X 2.65 0.096 580-635 0.000 0245 Pressurized bulk transport at
ambient or low temperature
Heat-treatable alloys
6082 H30 0.7 1.0 05 X X X X X 2.70  0.098 570-660 0.000 023 5— All structural sections in
0.000 024¢ riveted vehicle bodies.

Tipper body panelling.
Highly stressed underframe
gussets, truss panels

(a) Other forms may be available by special arrangement.

(b) Not covered by British Standard (general engineering) specification.

(c) Depending on condition.



Alloy 5154A is suitable for use in car panels
which are to be pressed into shape; it is supplied in
either annealed condition or H2 condition, which are
the most suitable for press work on vehicle bodies.
Of the other materials, 1200 is a commercial purity
sheet, and is widely used for exterior and interior
panelling where no great strength is required. Types
3103, 5251, 5154 A and 5056A are non-heat-treatable
alloys of the aluminium-magnesium range with a
strength of 90-325 N/mm?2. They come in sheet
form, and provide a range of mechanical properties
to suit different applications. They are used exten-
sively in panel work, and also for forming, pressing
and machining, and can be welded without much dif-
ficulty. The plate material 5083 is a medium-strength
non-heat-treatable alloy particularly suitable for
welding. It can be used for parts carrying fairly high
stress loads and is often used in the form of patterned
tread plate for floor sections.

For internal structure members which need to be
stronger than the outer panels, the heat-treatable
alloys usually used are 6063 and 6082, and in
odd cases 2014A. Type 6082 is a heat-treatable
medium-strength alloy which combines good
mechanical properties with high corrosion resist-
ance. Permissible stresses in this alloy can be as
high as 200 N/mm? under static loading condi-
tions, although some reduction below this would
normally be made for transport applications where
there is a considerable element of dynamic load-
ing. The alloy is weldable by the inert gas arc
process, but there is a considerable loss of strength
near the weld owing to the annealing effect of the
welding process. Type 6063 is also a heat-treatable
alloy but of somewhat lower strength, and is used
mainly in applications requiring good surface fin-
ish or where the parts are required to be anodized.
Alloy 2014A contains a greater percentage of cop-
per than the others, is more expensive, is more dif-
ficult to form and is less resistant to corrosion, but
has the advantage of a greater tensile strength.

Fastenings and solid rivets can be of commercial
purity material or of aluminium alloy 5154A, and
for smaller sizes 6082 is sometimes used. Rivets
are also available in 5056A material, but should
not be used in cases where high temperatures occur
in service. Bolts used in bodywork are normally of
the 6082 alloy.

The condition in which heat-treatable alloys are
supplied should be related to their application or
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use in bodywork. For example, if a section is to
remain straight and is part of a framework which is
to be bolted, riveted or welded in place, it is obvi-
ous that the material used should already be fully
heat treated so that maximum strength is provided
to support the framework or structure of the body.
On the other hand, if the section has to be shaped,
bent or formed in any way the material should be
used in the annealed condition and then heat
treated after the shaping operations have all been
carried out.

Aluminium alloys are now being accepted by the
automobile manufacturers as a standard material
for exterior and interior trim, and are used for all
normal bright trim applications such as radiator
grilles, headlamp bezels, wheel trim, instrument
panels, body mouldings and window and wind-
screen surrounds. Alloys used for trimming can be
divided into two groups: high-purity alloys bright
finished on one side only, in which the majority of
the trim components are made; and super-purity
alloys for use when maximum specular reflectivity
is an advantage, such as would be required by light
units.

4.8 Rubber

The value of rubber lies in the fact that it can be
readily moulded or extruded to any desired shape,
and its elastic quality makes it capable of filling
unavoidable and irregular gaps and clearances. It is
an ideal material in door shuts and as the gasket for
window glass, and in both instances it provides the
means for excluding dust and water, although with
windscreens and back-lights additional use has gen-
erally to be made of a sealing material. Rubber
specifications have been built on the basis of the
properties of material which has given satisfaction.
One major difficulty has been to ensure and measure
resistance to weathering; rubber is subject to oxida-
tion by ozone in the atmosphere, and this results in
cracking. In addition to natural rubber, a variety of
types of synthetic rubbers are used by the motor
industry; these vary in price and characteristics, and
all are more expensive than natural rubber. For com-
plete ozone resistance, it is necessary to use either
butyl or neoprene rubber; both satisfy atmospheric
and ozone ageing tests. Butyl rubber, however, is
‘dead’ to handle and contains no wax, and so whilst
neoprene is costly its use is essential for some parts.
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Sponge sealing rubbers can be provided with
built-in ozone resistance by giving them a live skin
of neoprene, and a further way of providing ozone
resistance is to coat the rubber components with
Hypalon; more recently, continuously extruded
neoprene sponge has been adopted. Apart from
weather resistance, the important requirement of
door and boot lid seals is that their compression
characteristics should ensure that they are capable
of accommodating wide variations in clearance,
without giving undue resistance to door closing.

Various types of foam rubber have been evolved
to suit the different parts of the car seating, and the
designer’s choice of material is governed by cost,
comfort, durability, the type of base, the type of
car, and whether it is a cushion or a squab, a rear or
front seat. When considering the foams available, it
is apparent that the number of permutations is
large. The types of foam available today fall into
seven broad categories. These are:

Moulded latex foam
Low-grade fabricated polyether
Fabricated polyether

Moulded polyether

Fabricated polyester

Polyvinyl chloride foam
Reconstituted polyether.

Latex foam today utilizes a mixture of natural and
synthetic latexes to obtain the best qualities of
both. After being stabilized with ammonia, natural
latex is shipped in liquid form to this country from
Malaysia, Indonesia and other rubber producing
countries. Synthetic latex, styrene butadiene rubber,
is made as a byproduct of the oil cracker plants.
Polyether foam can now be made in different grades,
and the physical properties of the best grades
approach those of latex foam. As a general guide,
service life and physical properties improve as
the density increases for any given hardness. As the
cost is proportional to weight, it follows that the
higher-performance foams are more costly.
Flexible polyurethane foam seats are replacing
heavy and complicated padded metal spring struc-
tures. Moulded seats simplify assembly, reduce
weight and give good long-term performance.
A major innovation here has been the cold cure
systems. These produce foams of superb quality,
particularly in terms of strength, comfort and long-
term ageing. The systems are particularly suitable for

the newer seat technologies such as dual hardness,
where the wings are firm to give lateral support,
leaving the seat pad softer and more comfortable.

4.9 Sealers

The history of sealers is longer than that of the
motor car. Mastic, bitumen compounds and putties
of various kinds have been used since the invention
of the horseless carriage. It is likely that early
coach builders used putties of some kind — possibly
paint fillers — to bridge joints in various applica-
tions on motor bodies, but it is generally conceded
that the first use of specialized sealers on a large
scale was in the early 1920s when, in America, the
pressed steel body became popular. In this country
it was 1927 before one of the first truly effective
sealers was introduced. It was known as Dum Dum
and is still in use. It was a modified roof sealer, and
proved to have many applications in body produc-
tion. It was not until the late 1930s, when all-steel
bodies and unitary construction became a common
feature of mass produced cars, that more thought
was given to the points that required the use of
sealing compounds, and to the nature of these
products. Amongst the first developed was interweld
sealing compound, primarily to prevent corrosion.
Since then, particularly in the post-war years, there
have been remarkable developments, probably
accelerated by criticisms from overseas markets
that British cars were susceptible to dust and water
entry. Companies specializing in the manufacture
of mastic compounds have developed a range of
materials which are now used not only for welding
and for general putty application but also for floor
pans, drip rails, body joints, exterior trim and many
other points, leading to well sealed car bodies
equal to any produced elsewhere in the world
(Figure 4.2, Table 4.10).

The term ‘sealer’ covers a wide variety of materi-
als used in the motor industry for sealing against
water and dust, from products which remain virtu-
ally mastic throughout their life to others which
harden up but still retain some measure of elasticity.
They range from mixtures of inert fillers and semi-
drying oils to heat curing plastisols which may be
applied in a thin paste form as an interweld sealer
or as extruded beads. Sealing compounds can be
categorized into the following general groups: oil-
based compositions, rubber-based compositions and
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Item

Required Properties

Applications

Brand Names

Thermosetting sealant

Hardens when heated
Non-running

Sealant and adhesive

Drying sealant

Body sealant

Highly solid, no volume shrinkage
Non-running

Sealing of sheetmetal seams
(drip rails, floor, body side
panels, trunk, etc.)

Body sealant
3M PartNo. 8531
3M PartNo. 8646

Spot sealer

Electro-conductive, and spotwelding
can be done after application
Excellent water resistance

Spotwelding locations

Spot sealer

Structural adhesive

Two-agent mixture adhesive
Low Viscosity

Gluing places that cannot be
spot-welded, such as roofs

Two-agent denatured epoxy
adhesive (MZ 100320)

Interior trim adhesive

Highly solid, non-running
Good heat resistance
No rubber swelling
Non-drying

Sealing for gromments, packing
and metals

3M 8513 Grommeted
Windshields Sealer (Black)

Quick-drying,
high-strength adhesive

Quick drying (10 seconds
to 3 minutes)

Colourless and transparent
after drying

Excellent adhesive performance with
most materials (except polyethylene,
polypropylene, fluorocarbon resins
and other substances with

highly absorbent surface)

(For Europe) 3M PartNo. 8121
(Except for Europe)
3M PartNo. 8155

Wax injection

Wax injection

Tectyl 506

Tectyl 506 T
Tectyl ML

Dinitrol 3122
Dinitrol 3654-1
Mercasol 831-ML
Waxoyl

Terotex
HV200PLUS
HV300

Rocker panel primer

Rocker panel primer

Glasurit FX89-7330
(Polyester basis)
Glasurit FX90-7103
(Water basis)

Underbody anticorrosion
agent

Underbody anticorrosion agent

Tectyl 506 T

Tectyl 506

Tectyl S

Mercasol NON-DRIP
Waxoyl

Dinitrol 4954

Terotex WAX

Undercoating

* Non-running, good adhesion
* Thick application possible
* Good low temperature

Undercoating agent

3M PartNo. 8864
3M PartNo. 8877 (For Europe)
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Figure 4.2 Problem areas requiring body sealing
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Table 4.10 Types of sealed joints used in vehicle bodywork (Rover Group Ltd)

Application

Material description

Application equipment

Bolted joints Between panels

¢

Panel edges

i

Performed strip

Zinc-rich primer

Seam sealer light

Hand or palette/putty knife

Brush or spray

Applicator gun (hand)

Spot-welded joints Between panels Zinc-rich primer Brush or spray
% Structural adhesive or seam sealer
Panel edges Seam sealer light Applicator gun (hand)
N/
/7 N\
Bonded joints Between panels Metal-to-metal adhesive semi-structural Caulking gun

|

synthetic-resin-based compositions. The choice of
each of the types will be dependent on the site for
application, on the eventual conditions of exposure
and often on price. These categories can be subdi-
vided further into the various physical forms in which
they can be made available, which include mastic
putties for hand application, extruded sections for
placing in precise locations, gun grade compositions
which have the advantage of speed and economy
of application, and pouring and spraying grades.
The properties of sealers will obviously vary
according to their type and to their application.
Thus preformed strip or putty sealers must adhere
to the surfaces to which they are applied, and must
not harden or crumble in service. Glazing sealers
must be capable of being readily applied from a
gun, with the ability to harden off on the surface,
but must remain mastic in the assembly so that they
are capable of maintaining a leak-tight joint what-
ever deflection the body undergoes. Heat gelling
sealers must be capable of being readily applied by
extrusion or possibly by spraying, and then must set
up when cured but still retain a degree of flexibility.
As a result of soaring energy costs together with
the need for car aerodynamic design, direct glazing
of windscreens and fixed body glass was introduced

and an adhesive was required to bond glass wind-
screens to the metal aperture. The material used is
polyurethane adhesive, sealant. It possesses a com-
bination of adhesion, sealant and gap filling quali-
ties; it is a one-component adhesive and sealing
compound of permanent elasticity. This dual-pur-
pose material is based on a special moisture cured
polyurethane with an accelerated setting time. The
curing time is dependent upon the humidity levels
prevailing, as well as the temperature. For example,
at 20 °C with a relative humidity level of 65 per
cent, a 6 mm diameter bead will be tack free within
1 hour and fully cured in 24 hours.

Table 4.11 indicates the uses of various sealant
materials.

4.10 Sound deadening, thermal insulating
and undersealing materials

The type of material used for sound damping or
deadening depends on whether or not it is also
required to provide undersealing. A material
required for sound deadening only will normally be
applied to the interior of a vehicle, whereas one
required to provide sound deadening and underseal-
ing properties will be applied to the underside of



Table 4.11 Sealers used in vehicle body repair work
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Type Base material

Application

Visible seams Polyurethane

Synthetic rubber

Acrylic dispersion (water based)

Structural seams MS polymer

Nitrile-butadiene rubber

Underbody seams Bitumen rubber

Overlapping joints Synthetic rubber

Sealing tape Synthetic rubber

Rubber profiled windows Synthetic resin, synthetic rubber

Extremely adherent sealant used on front and rear
aprons, rear panel, engine compartment, bottom of
boot, passenger compartment, side panels, wheel
arches, vehicle underbody, tank filler caps and wings.
Can be painted over with primer and fillers after
curing, is non-shrinking, can be brushed and smoothed
with a spatula. Cures by means of air moisture

Particularly suitable for all automotive problem areas
where cleaning is difficult. Extremely adherent to raw,
degreased, bonded, primed and painted sheet steel.
Can be painted over with lacquers after thoroughly
drying. Following application, can be passed through
drying ovens at a maximum temperature of 90 °C

Particularly suitable for sealing joints, welded seams
and butt joints on vehicle bodies. Substrate must be
primed and can be readily painted over. When cured,
is resistant to water

Applied by means of an air pressure pistol. All
structural seams sprayed by the manufacturer can be
re-created with this sealant, so that the original finish
can be restored after repair. Also can be painted over
immediately wet-on-wet

Special brushable sealant used for front and rear
aprons, bottom of boot, inside floor, side walls, wheel
arches. Has excellent adhesion to raw, primed and
painted sheet metal, and can be painted over after
drying

Specially used for the underbody area of the vehicle.

Resistant to water, salt spray, alcohol and dilute
sulphuric acid

Used for sealing bolted wings, headlight units, rear
light housings and cable inlet holes

Suitable for all overlapping and screwable joints on
vehicle bodies, metal to metal, metal to wood, metal
to plastic, wood to wood or plastic to plastic

Particularly suitable for sealing rubber profiled front,
rear and side window units between rubber and
glass or rubber and the vehicle body

the vehicle. Thus the former need not be fully water
resistant, whereas the latter must be water resistant
in addition to many other necessary requirements.

The sound deadening properties of a material are
related to its ability to damp out panel vibrations,
and this in turn is related to some extent (but not
solely) to its weight per unit volume. Thus the
cheapest sound deadening materials are based on
mixtures of sand and bitumen, although these tend

to be brittle. A better material is bitumen filled
with asbestos; although this is probably less effec-
tive as a panel damper than sand-filled bitumen, it
is nevertheless more suitable owing to its better
ductility. In general, those sound deadeners applied
to the interior of the vehicle are water-based bitumen
emulsions with fillers, whereas sound deadener/
sealers applied externally should be solvent-based
materials. A more effective sound deadener than
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Table 4.12 Undersealing and protection materials used in vehicle body repair work

Application

Type Base material
Coatings for underbodies, Bitumen/rubber
spray type
Rubber/resin
Wax

Polymer wax

Small-scale repair Rubber/bitumen
application (brushable)
Road stone chip repair Synthetic/dispersion

material

Coating for underbodies, wheel arches, new and repaired
parts. Also a corrosion protection for vehicle underbodies
against elements such as moisture, road salt, road stone
chippings. Good adhesion, and durable at extreme
temperatures. Applied with a spray pistol

Suitable for underbodies, wheel arches, front and rear
aprons, sills, new parts, repair sheets. Can be painted over
and has high abrasion resistance. Applied with a spray pistol

Suitable for underbodies, touching up and subsequent
treatment of all protective coatings

Long-term corrosion protection even when thinly applied.

Has good flowing properties

Brushable coating, suitable for underbody and wheel arches.

High abrasion resistance and good sound deadening
properties

Good protection against stone chips and corrosion.

Particularly suitable for front and rear aprons, sills, spoilers,
wheel arches

asbestos-filled bitumen is a clay-filled water dis-
persed polyvinyl acetate (PVA) resin emulsion; this
has damping characteristics approximately three
times better than the bitumen-based material, but
naturally it is more expensive.

Other sound absorbing materials are now used for
insulation in the automotive industry. Needle felts
are blends of natural and manmade fibres locked
together by needle punching. These are used in die-
cut flat sheet forms for attachment to moulded car-
pets, floor boot mats and as anti-rattle pads. Bonded,
fully cured felts are similar blends of fibres bonded
together with synthetic resins. All the binder is cured
during the felt making process. As with needled
materials, these are mainly used for flat products,
especially where low density is required such as in
sound absorption pads and floor mats. In moulded
felts and moulded glass wool the binder is only par-
tially cured during the felt making process. The cur-
ing sequence is completed under the action of
temperature and pressure in matched die compres-
sion moulded tools to produce components which
have three-dimensional form and a controllable
degree of rigidity. Fully cured and needled products
can be given various surface treatments including
abrasion-resistant and waterproof coatings such as
latex, PVC or rubber, or they can be combined with

bitumen to improve the sound insulation properties.
Moulded felt can be supplied covered with a range of
woven textile covers or with various grades of PVC
and heavy-layer bitumen EVA products.

Polyurethane flexible moulded foam can be
modified or filled to meet different insulating
requirements in the vehicle. The foam can also be
moulded directly on to the hard layer, allowing
simple tailoring of insulation thickness.

Table 4.12 indicates the use of various under-
sealing materials.

4.11 Interior furnishings

4.11.1 Carpets and floor coverings

The body engineer has a choice of materials, rang-
ing from carpeting of the Wilton type for prestige
vehicles, through polyamide and polypropylene
moulded needle felts, to rubber flooring for economy
versions. The main requirements of flooring are
wear resistance, colour fastness to light and water,
and adequate strength to enable the customer to
remove the flooring from the car without it suffering
damage. The method of manufacture of pile carpets
varies: in some cases the pile is bonded to hessian
backing; in other cases it is woven simultaneously



into the backing and then anchored in position with
either a rubber coating on the back surface or a vinyl
coating. Quality is normally controlled by character-
istics such as number of rows of tufts of pile per unit
length, height and weight of the free pile, overall
weight of the carpet, strength as determined by a
tensile test in both the warp and weft directions,
together with adhesion of pile if applicable. Rubber
flooring generally has a vinyl coating to provide
colour.

4.11.2 Leather (hide)

Large numbers of motor vehicle users all over the
world continue to specify hide upholstery when the
option is available, and will gladly pay the extra
cost involved for a material which defies complete
simulation. Great advances have been made in the
development of suitable substitutes, and the best of
the plasticized materials are to many people quite
undistinguishable by eye from leather. The unique
character of leather lies in its microstructure, the
like of which is not obtained in any manmade mate-
rial. Under a microscope leather can be seen to con-
sist of the hairy epidermis and under that the
corium, or bulk of the hide, this being the basis of
the leather as we know it. By virtue of the millions
of minute air spaces between the fibres and bundles
of fibres, leather is able to ‘breathe’. To the motorist
this means that leather does not get hot and uncom-
fortable in warm weather or cold and inflexible in
winter, and although permeable to water vapour it
offers sufficient resistance if it is exposed to normal
liquids. It is also strongly resistant to soiling, and
when it does get dirty the dirt can usually be
removed fairly easily without special materials.
Unlike some plasticized materials, leather does not
appear to attract dirt and dust as a result of static
electricity. Many people, moreover, regard the dis-
tinctive smell of leather as an asset, and this defies
imitation by manufacturers of substitute materials.
However, natural hide has to go through many com-
plex processes before it attains the form familiar to
the upholsterer trimmer or motorist.

4.11.3 Fabrics for interior trim

Vinyl coated fabrics are now well established as
trim material. Their vast superiority over the linseed
oil coatings, and later the nitrocellulose coatings, of
yesteryear are almost forgotten in the march of
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progress. Vinyl coatings are now sufficiently famil-
iar for their merits to be taken for granted; never-
theless they continue to provide a material which
for durability, uniformity and appearance at a rea-
sonable cost so far remains unsurpassed. The resin
polyvinyl chloride, the main ingredient of the coat-
ing, became available in commercial quantities in
the early 1930s, and now a coating based on
polyvinyl chloride (PVC) is used for seating mate-
rial in this country. Although by tradition PVC is
produced with a simulated leather appearance, on
the Continent and particularly in the USA it is
widely used with fancy embosses, and patterns. An
extremely wide range of qualities is available, and
in recent years there has been an effort to achieve
some degree of rationalization. Additional qualities
are necessary for tilt covers, headlinings and hoods
for convertibles; the material for hooding convert-
ibles must be resistant to mildew, to shrinkage and
to wicking, this last term relating to the absorption
of water on the inside surface of the cloth from the
bottom edge of the hood. The characteristics neces-
sary to provide serviceability over the life of the
vehicle are the strength of the material under ten-
sion and under tearing conditions; adhesion of the
coating to the backing cloth; resistance to flexing,
and resistance to cracking at low temperatures; low
friction, to enable the owner to slide on the seat;
colour fastness, soiling resistance and, of course,
wear resistance. In the case of the breathable
leathercloth, the air permeability of the fabric has to
be controlled.

4.11.4 Modern trends

The interior furnishing of a car is gaining in import-
ance within the automotive trade. In response styl-
ists are endeavouring to upgrade and soften the
interior, using fabrics with the appearance and feel
of textiles to appeal visually and functionally. This
has manifested itself in all areas of the car, includ-
ing the boot, seating, carpets, door trims and head-
liner cover fabrics. In all four areas of fabric use in
car interiors (seating, door and side panels, bolsters
and headliners) fabrics are gaining ground against
exposed plastics. Both polyamide and polyester are
giving designers new scope for attractive colours
and variation in seating upholstery and in panels,
while fully meeting light fastness and other per-
formance standards.
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412 Plastics

4.12.1 Development

Celluloid might well qualify for the honour of being
the first plastic, though its inventor, Alexander
Parkes, was certainly not aware of that fact. He
made it around 1860 and patented his method for
making it in 1865. An American, John Hyatt, found
a way of solving the technical problems which
plagued Parkes, and he set up business in 1870 to
sell the same sort of material. He called it Celluloid
to indicate its raw material, cellulose.

In 1920 a German chemist, Hermann Staudinger,
put forward a theory about the chemical nature of a
whole group of substances, natural and synthetic.
He called them macromolecules; today we call
them polymers. His theory not only explained the
nature of plastics, but also indicated the ways in
which they could be made. It provided the founda-
tion for the world of plastics as we know it.

4.12.2 Polymerization

The raw materials for plastics production are natural
products such as cellulose, coal, oil, natural gas and
salt. In every case they are compounds of carbon (C)
and hydrogen (H). Oxygen (O), nitrogen (N),
chlorine (Cl) and sulphur (S) may also be present.
Oil, together with natural gas, is the most important
raw material for plastics production.

The term plastics in the broadest sense encom-
passes (a) organic materials which are based on
(b) polymers which are produced by (c) the conver-
sion of natural products or by synthesis from primary
chemicals coming from oil, natural gas or coal.

The basic building blocks of plastics are monomers.
These are simple chemicals that can link together to
form long chains or polymers. The type of monomer
used and the way it polymerizes, or links together,
give a plastic its individual characteristics. Some
monomers form simple linear chains. In polyethyl-
ene, for example, a typical chain of 50 000 ethylene
links is only about 0.02 mm long. Other monomers
form chains with side branches. Under certain cir-
cumstances, the individual chains can link up with
each other to form a three-dimensional or cross-
linked structure with even greater strength and stabil-
ity. Cross-linking can be caused either chemically or
by irradiating the polymer.

To get the advantages of two different plastics,
two different monomers can be combined in a
copolymer. By combining the monomers in different
proportions and by different methods, a vast range
of different properties can be achieved (see Tables
4.13 and 4.14). The properties of plastics can also be
enhanced by mixing in other materials, such as
graphite or molybdenum disulphide (for lubrica-
tion), glass fibre or carbon fibre (for stiffness), plas-
ticizers (to increase flexibility) and a range of other
additives (to make them resistant to heat and light).

4.12.3 Thermoplastics and thermosetting
plastics

The simplest way of classifying plastics is by their
reaction to heat. This gives a ready subdivision into
two basic groups: thermoplastics and thermosetting
plastics. Thermoplastic materials soften to become
plastic when heated, no chemical change taking
place during this process. When cooled they again
become hard and will assume any shape into which
they were moulded when soft. Thermosetting
materials, as the name implies, will soften only
once. During heating a chemical change takes
place and the material cures; thereafter the only
effect of heating is to char or burn the material.

As far as performance is concerned, these plas-
tics can be divided into three groups:

General-purpose thermoplastics

Polyethylene

Polypropylene

Polystyrene

SAN (styrene/acrylonitrile copolymer)
Impact polystyrene

ABS (acrylonitrile butadiene styrene)
Polyvinyl chloride

Poly(vinylidene chloride)

Poly(methyl methacrylate)
Poly(ethylene terephthalate)

Engineering thermoplastics

Polyesters (thermoplastic)
Polyamides

Polyacetals
Polyphenylene sulphide
Polycarbonates
Polysulphone



Table 4.13 Physical properties of polymers
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Coefficient
Melting Specific-heat Thermal of linear
Density (softening) capacity conductivity expansion
Material PorS (kg/m3) range (°C) (J/kg/K X 103) (W/m/K) (K X 1079)
LD polyethylene P 0.01-0.93 80 23 0.13 120-140
HD polyethylene P 0.04-0.97 90-100 2.1-2.3 0.42-0.45 120
Polypropylene P 0.90 100-120 1.9 0.09 120
GFR polypropylene P 1.00-1.16 110-120 35 - 55-85
Polyvinylchloride P 1.16-1.35 56-85 0.8-2.5 0.16-0.27 50-60
Polystyrene P 1.04-1.11 82-102 1.3-1.45 0.09-0.21 60-80
Polystyrene P 0.99-1.10 85 1.4-1.5 0.04-0.30 60-130
copolymer (ABS)
Nylon 66 P 1.14 250-265 1.67 0.24 80
Nylon 11 P 1.04 185 242 0.23 150
PTFE (Teflon) P 2.14-2.20 260-270 1.05 0.25 100
Acrylic (Perspex) P 1.10-1.20 70-90 1.45 0.17-0.25 50-90
Polyacetals P 1.40-1.42 175 1.45 0.81 80
Polycarbonates P 1.20 215-225 1.25 0.19 65
Phenol formaldehyde S 1.25-1.30 - 1.5-1.75 0.12-0.25 25-60
Urea formaldehyde S 1.40-1.50 - 1.65 0.25-0.38 35-45
Melamine formaldehyde S 1.50 - 1.65 0.25-0.40 35-45
Epoxies S 1.20 - 1.65 0.17-0.21 50-90
Polyurethanes R S 3.2-6.0 150-185 1.25 0.02-0.025 20-70
Polyurethanes F S 4-8 150-185 1.25 0.035 50-70
Polyesters S 1.10-1.40 - 1.26 0.17-0.19 100-150
Silicones S 1.15-1.8 200-250 - 0.17 24-30
GEFR glass fibre reinforced; P thermoplastic; S thermosetting; R rigid; F flexible; LD low density; HD high density
Table 4.14 Typical mechanical properties of representative plastics
Modulus of elasticity Tensile strength

Material E (MN/m?) (MN/m?) Compressive strength Elongation (%)
LD polyethylene 120-240 7-13 9-10 300-700
HD polyethylene 550-1050 20-30 20-25 300-800
Polypropylene 900-140 32-35 35 20-300
GFR polypropylene 1500+ 34-54 40-60 5-20
Flexible PVC 35004800 10-25 7-12 200450
Rigid PVC 2000-2800 40 90 60
Polystyrene 24004200 35-62 90-110 1-3
ABS copolymer 1380-3400 17-58 17-85 10-140
Perspex 2700-3500 55-75 80-130 2-3
PTFE 350-620 15-35 10-15 200-400
Nylon 11 1250-1300 52-54 55-56 180—400
GFR nylon 6 7800-800 170-172 200-210 34
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Modified polyphenylene ether
Polyimides

Cellulosics
RIM/polyurethane
Polyurethane foam

Thermosetting plastics

Phenolic

Epoxy resins
Unsaturated polyesters
Alkyd resins

Diallyl phthalate
Amino resins

4.12.4 Amorphous and crystalline
plastics

An alternative classification of plastics is by their
shape. They may be crystalline (with shape) or
amorphous (shapeless).

Amorphous plastics

Amorphous plastics basically are of three major
types:

ABS: acrylonitrile butadiene styrene
ABS/PC blend
PC: polycarbonate.

Amorphous engineering plastics have the following
properties:

High stiffness

Good impact strength

Temperature resistance

Excellent dimensional stability

Good surface finish

Electrical properties

Flame retardance (when required)

Excellent transparency (polycarbonate only).

In the automotive industry use is made of the good
mechanical properties (even at low temperatures),
the thermal resistance and the surface finish. The
applications are:

1 Body embellishment

2 Interior cladding

3 Lighting where, apart from existing applica-
tions of back lamp clusters, polycarbonate is
expected to replace glass for headlamp lenses.

Semi-crystalline plastics
Semi-crystalline plastics are in two basic types:

Polyamide 6 and 66 types
Polybutylene terephthalate (PBT).

Semi-crystalline plastics have the following prop-
erties:

High rigidity

Hardness

High heat resistance

Impact resistance

Abrasion, chemical and stress crack resistance.

The semi-crystalline products find major applica-
tion in the automotive sector, where full use is
made of the mechanical and thermal properties,
together with abrasion and chemical resistance.
Examples include:

1 Underbonnet components

2 Mechanical applications

3 Bumpers, using elastomeric PBT for paint
on-line

4 Body embellishment (wheel trims, handles,
mirrors)

5 Lighting, headlamp reflectors.

Blended plastics

Blended plastics have been developed to overcome
inherent specific disadvantages of individual plas-
tics. For large-area body panels, the automotive
industry demands the following properties:

Temperature resistance
Low-temperature impact resistance
Toughness (no splintering)

Petrol resistance

Stiffness.

Neither polycarbonate nor polyester could fulfil
totally these requirements. This led to the combina-
tion of PC and PBT to form Macroblend PC/PBT,
which is used for injection moulded bumpers.

4.12.5 Plastics applications

Plastic products can be decorated by vacuum met-
allizing and electroplating. They have replaced
metals in a lot of automotive applications, such as
mirror housings, control knobs and winder handles
as well as decorative metallic trim. It is a field
which uses their advantages to the full without
relying on properties they lack.



Thin parts must be tough and resistant to the occa-
sional impact. They must be impervious to attack by
weather, road salts, extremes of temperatures and all
the other hazards that reduce older forms of body
embellishments to pitted, rusted, dull, crumbling
metal. They do not need high tensile strength or flex-
ural strength as they do not have to carry heavy
stresses. They must be cheap and capable of being
formed into highly individual and complex shapes.
All these requirements are satisfied by thermoplas-
tics and thermosetting resins. They can be pressed,
stamped, blow moulded, vacuum formed and injec-
tion moulded into any decorative shape required.

Apart from their decorative properties, the mec-
hanical properties of acrylic resins are among the
highest of the thermoplastics. Typical values are a
tensile strength of 35-75 MN/m? and a modulus of
elasticity of 1550-3250 MN/m?. These properties
apply to relatively short-term loadings, and when
long-term service is envisaged tensile stresses in
acrylics must be limited to 10 MN/m? to avoid sur-
face cracking or crazing. Chemical properties are
also good, the acrylics being inert to most common
chemicals. A particular advantage to the automotive
industry is their complete stability against petro-
leum products and salts.

Acetal resins are mostly used for mechanical parts
such as cams, sprockets and small leaf springs, but
also find application for housings, cover plates, knobs
and levers. They have the highest fatigue endurance
limits of any of the commercial thermoplastics, and
these properties, coupled with those of reduced fric-
tion and noise, admirably qualify the acetal resins for
small gearing applications within the vehicle.

Plastics can be self-coloured so that painting costs
are eliminated and accidental scratching remains
inconspicuous, and they can be given a simulated
metal finish. For large-scale assemblies, such as
automobile bodies, painting is necessary to obtain
uniformity of colour, especially when different types
of plastics are used for different components.
Plastics can also be chrome plated, either over a spe-
cial undercoating which helps to protect and fix the
finish, or by metal spraying or by vacuum depo-
sition in which the plastic part is made to attract
metal particles in a high-vacuum chamber. The use
of a plastic instead of a metal base for chrome plat-
ing eliminates the possibility of the base corroding
and damaging the finish before the chromium plat-
ing itself would have deteriorated. The chrome coat-
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ing can be made much thinner and yet have a longer
effective life, with a consequent saving in cost.

Until fairly recently polymer materials were
joined only by means of adhesives. Now the thermo-
plastic types can be welded by using various forms
of equipment, in particular by hot gas welding, hot
plate machines which include pipe welding plant,
ultrasonic and vibration methods, spin or friction
welding machines, and induction, resistance and
microwave processes. Lasers have been used exper-
imentally for cutting and welding. The joining of
metals to both thermoplastic and thermosetting
materials is possible by some welding operations
and by using adhesives.

4.12.6 Future of plastics in the
automotive industry

The automotive industry has grown to appreciate
the potential of plastics as replacements for metal
components within their products. The realization
that plastics are, in their own right, engineering
materials of high merit has led to rapid advance-
ment of material and application technology, with
the end result that plastics have gained a firm and
increasing footing in the motor vehicle. Many fac-
tors have aided the adoption of plastics by the
automotive industry, which uses them in the fol-
lowing areas: body, chassis, engine, electrical sys-
tem, interior and vehicle accessories. Lower costs
of plastics parts must, of course, be the major con-
tributing factor in the replacement of existing parts,
and this is closely followed by the ease with which
modern plastics can be formed by comparatively
inexpensive tooling. The inert properties of syn-
thetic materials also contribute greatly; properties
like corrosion resistance, low friction coefficients
and light weight are of prime importance.

The use of plastics in the automotive industry con-
tinues to accelerate at a phenomenal rate as research
into plastic technology results in new developments
and applications. The future growth of plastics in the
automotive industry will be controlled by two fac-
tors: the growth of the industry itself, and the greater
penetration of plastic per car. A key constituent in
world growth, therefore, is the developing nations
who are involved in the assembly and production
of motor vehicles. They will consequently favour
the use of plastics as a first choice, rather than as a
replacement for metal.
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Front bumper (Pocan S7913)

Front spoiler (Santoprene grade 123-50 and 121 with
aluminium insert)

Fog lamp blanking plate (Xenoy EPX500)

Lower front grille (Xenoy CL100)

Front number plate plinth (Xenoy CL100)

Front bumper insert (PVC and EB-type Nylar)

Front grille (moulding, ABS; Benzel, MS Chrome)
Bonnet/boot lid/tailgate badges (ABS, aluminium and
PU skin)

Underbonnet felt (moulded felt)

Door mirror casing RH and LH (polyamide, 15% glass
reinforced)

Door mirror mounting RH and LH (polyamide, 15% glass
reinforced)

Front/rear wheel trims RH and LH (cap, Noryl 731;
moulding, Bayer Duretan BM30X, ICI Maranyl TB570)
Front/rear mudflaps RH and LH (front, rubber to BLS.22
RD.27 Ref. 421; rear EPDM mix 4080)

Scuttle grille/mouldings (ABS)

Front/rear screen upper and side mouldings (PVC with
stainless steel co-extrusion)

Front/rear wing splashguards RH and LH (PP)

Front wing waist moulding RH and LH (Noryl)

Front door waist moulding RH and LH (Noryl)

Rear door waist moulding RH and LH (Noryl)

Rear wing waist moulding RH and LH (Noryl)
Front/rear door outer handles RH and LH (body, Xenoy;
flap, Glass-filled nylon)

Rear quarterlight moulding RH and LH (4-door,
PVC/Stainless steel extrusion; 5-door and coupé, PU
with stainless steel moulding)

Boot lid moulding (ABS)

Rear spoiler (PU core and polyester skin)

Rear number plate plinth (ABS)

Rear bumper insert (PVC and EB-type Nylar)

Rear bumper (Pocan S7913)

Front/rear door upper mouldings RH and LH (PVC with
stainless steel moulding)

Front/rear door outer weatherseals RH and LH (PVC
with stainless steel co-extrusion)

Fog lamp bezel (PP)



Over the past years, the natural applications for
plastics in automobiles (interior fittings, cushioning
and upholstery, trim, tail lights, electrical compo-
nents) have become saturated. The growth for the
future can be expected to come from the use of
plastic for bodywork and some mechanical compo-
nents. Already there is a widespread use of plastics
for front and rear bumpers. We can expect to see
bonnets, boot lids and front wings in plastics.

All the major volume producers of cars are
engaged in long-term development work towards
the all-plastic car. Whether or not such targets can
be realized remains to be seen. Factors such as
energy costs and availability of resources may play
a greater part in the total picture than simple
objects like vehicle weight reduction.
Abbreviations for automotive plastics

4.13 Plastics repair

A new car is made up, by weight, of about 65 per
cent steel, 5 per cent non-ferrous metal, 15 per cent
plastics material and 15 per cent other non-metallic
materials. Plastics materials are very light, so in
terms of bulk the percentage is much larger, but
nobody appears to have worked out the figures for
this yet! What we do know is that the plastics parts
are often damaged in even a minor accident and
the replacement of these parts costs insurance
companies and private owners dearly. That’s how
we make a profit, you might say; but you could
make more profit by repairing the damaged plas-
tics part, this would reduce the cost to the customer
and reduce the waste of precious natural resources.

Abbreviations for automotive plastics

Abbreviation Full name

ABS Acronitrile butadiene styrene®
PP Polypropylene”

PE Polyethylene”

PC Polycarbonate”

PA Polyamide”

PBT Polybutylene tetraphtalate™
PU Polyurethene (thermoset)

UP Unsaturated polyester (thermoset)
CS Chopped strands

SMC Sheet moulding compound
MF Milled fibres

WR Woven roving

* Can be repaired by welding
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SPI materials coding system

Material type Code
Polyethylene terephthalate 1PETE
High density polyethylene 2HDPE
Vinyl 3V

Low density polyethlene 4LDPE
Polypropylene 5PP
Polystyrene 6PS
Other 60THER

4.13.1 Types of plastics

The word plastics is being used here because it is
technically correct to describe the range of man-
made materials. Plastic, without the ‘s’, is used to
describe the material state where it can be deformed
and it will remain in that state after the force has
been removed. In conversation it is normal to say
plastic for both cases as it is unlikely that there will
be any confusion.

The two main classifications of plastics are:
thermoplastics and thermosetting plastics (which
are referred to as thermosets). One of the key
areas of knowledge needed to repair plastics
components is an understanding of these two
classifications and being able to identify them in
a vehicle component.

A thermoplastic is one which melts when it is
heated up. If you get a carrier bag from the super-
market and warm it slightly it will become soft
and pliable. It is a thermoplastic. At this point you
must remember that plastics are made from petro-
leum-based chemicals and are therefore easy to
set on fire and burn at very high temperatures, so
avoid matches and other naked flames when han-
dling them. Conversely, if you put the same car-
rier bag in a freezer it would go stiff and make a
crackling noise when you handle it. Vehicle
thermoplastic components are made to operate
normally over a wide temperature range, so obvi-
ously they need to get very hot before they will
melt and very cold before they become brittle.
Now if you heat up a thermoplastic to a high
enough temperature it is going to melt, this means
that you can repair a thermoplastic component by
welding. Before you dash out to try to weld that
bumper assembly which is sat on the bench, there
are a few more things which you need to know.
First, that you need a special plastics welder and
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second, if it is not a thermoplastic bumper you
may well damage it beyond repair and set the
workshop on fire too. You cannot simply identify
thermoplastics just by warming them up; we’ll
look at ways of identifying plastics later in the
article.

A thermoset is one which uses or generates heat
during its setting stage. The first thermoset was
Bakelite, the heavy dark brown plastics material
which was used for distributor caps and ignition
coil ends. It does not go soft when you try to heat it
up; if you subject it to a flame it will burn and char.
It is a brittle material and easily chips. Thermosets
cannot be welded; most can be bonded using a suit-
able bonding agent or glue.

4.13.2 Reinforcement

On their own plastics materials have only a limited
amount of strength — interior trim, dashboard pan-
els and lamp lenses are examples of non-reinforced
plastics. Apply a strong force from a mechanics
hand and these components will break. So, compo-
nents which are going to take structural loads
within the vehicle or be capable of withstanding
impact, such as a bumper assembly, need some
form of reinforcement. The most common rein-
forcement material is glass.

You are probably familiar with glass reinforced
polyester (GRP) where a piece of glass matting is
layed up with a mixture of polyester resin and cat-
alyst (hardener) to effect a body repair, or for the
manufacture of kit cars and small boats.
Incidentally, GRP is also used to cover all glass
reinforced plastics. If you look at a strand of the
glass from this matting through a microscope, or
with a very strong magnifying glass, you will see
that the glass is in fact made from very small diam-
eter round tubes. A round tube gives very high
strength, but the length to diameter ratio of these
tubes is such that they can bend without collapsing,
so that they can be layed up on curved surfaces,
then when the resin sets they are firmly held in
place like roof beams for maximum strength.

The glass reinforcement used for vehicle compo-
nents is made to suit the application and can vary
between the woven cloth like material which is
sandwiched in layers in a bumper assembly and the
finely powdered glass particles which are used to
strengthen a lamp cluster.

Increasingly materials other than glass are
being used to reinforce plastics, although often
this is in addition to glass. Carbon fibre is used
either in the form of a continuous thread which is
wound around the component or as a woven mat-
ting similar to glass reinforcement. Where two
different materials are used they are referred to as
composites.

So, when it comes to identifying a plastics
material check to see if it is reinforced, and if it is
which type of reinforcement is used. If a glass
matting is used you can usually see the woven lay-
ers of glass on the underside of the component.
Carbon fibre can be recognized by its graphite
grey colour.

4.13.3 Identification markings

Many manufacturers now mark their products
with a code which will enable the identification
of the type of plastics used. The reason for this
coded marking is mainly for the identification of
genuine parts and recycling purposes. Currently
there is no standard system in Europe, nor indeed
the UK, for identifying plastics. The British
Plastics Federation are trying to encourage all
European plastics manufacturers to use the
American Society of the Plastics Industry (SPI)
material code system. This uses a number and a
series of abbreviation letters. The number and
abbreviation letters identify a classification of
plastics. The code letters used by manufacturers
outside the SPI system are often registered trade
marks, this creates legal problems as well as iden-
tification problems. Again, the SPI classification
code is intended mainly for recycling purposes,
but it is very useful for general identification
information.

4.13.4 Manufacturing processes

There are many different methods of manufactur-
ing plastics components. After a little experience
you will be able to work out how components are
best manufactured, this is usually a good guide as
to the type of material used. Injection moulding
(Inj) is used for items such as grille panels, air
vents, dashboard panels, wheel covers and lamp
units. The material is likely to be a thermoplastic.
These items usually have a smooth surface finish
and carry markings which show that they have



been in a mould, typically the lettering is raised.
They also tend to be fairly flexible. Injection
moulding can also be carried out with thermosets.
In this case the material is much stiffer but still
shows the mould lines and has a smooth surface
finish with raised lettering. The thermoset injec-
tion moulding may use a resin (RIM) or a bulk
material (BMC). In some cases the BMC may be a
recycled material filler, but this will have low
strength. Bumper assemblies, wheel arch exten-
sions and rear lamp holders are typical applica-
tions of injection moulded thermosets. Thermosets
in the form of GRP using woven glass fibre or
woven carbon fibre may be hand layed-up (HLU)
or compression moulded (com). To effect a good
bond with a carbon fibre material an autoclave is
needed to control the finishing process. The tex-
ture and colour will allow you to identify GRP
and carbon fibre materials.

4.13.5 Safety

Having described the different plastics materials
and the manufacturing processes you should be
able to start identifying them. As with all things,
you will need to practise until you become
skilled, and some mistakes are inevitable. When
you try repairing a few items you will get a feel
for the job, just like tightening nuts and bolts.
You will soon become aware of which parts on
which vehicles can be repaired. But before you
start to work on plastics materials, you need to
look at safety. As well as the normal workshop
safety procedures, there are a number of specific
hazards relating to plastics materials which
you must take extreme care with, let’s have a
look at them before discussing some of the repair
procedures.

Plastics materials are made from petroleum-
based products, this means that they are highly
flammable so you must avoid high levels of heat
and naked flames. The most common reinforcing
material is glass, but other equally problematic
materials may be used. If you start to grind plastics
components you will get powdered glass as well as
the plastics dust. The powdered glass can cut the
blood vessels inside the lungs and stomach. The
plastics powder can cause respiratory diseases and
the dust from carbon fibre can cause lung and other
internal diseases. So ensure that you are using the
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correct masks or other breathing apparatus to suit
the situation. Heating plastics materials, or using
solvents, or bonding agents, can give rise to volatile
organic compounds (VOCs); breathing protection
is obviously needed in this case. To prevent a
buildup of fumes and dust in the workshop the use
of an extractor system is advised. Solvents and
bonding agents should not come into contact with
your skin, gloves and safety goggles are a first line
of defence, and you are reminded to consult the
COSHH sheet supplied by the manufacturer with
all of these products.

4.13.6 Repair procedures

As a general rule thermoplastics can be welded and
thermosets bonded. We’ll have a look at a few pro-
cedures in detail.

Starting with something simple. Often in an
accident repair a plastics headlamp binnacle is
scrapped because one of the lugs is broken off. If
you apply a small amount of acetone to both of the
broken surfaces you will often find that the lug can
