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Joint Design
1. The joint should always remain intact throughout its working life – it should not fail.

2. Materials that would automatically cause galvanic corrosion (a reaction between two metals) at the joint faces should not be joined together. E.g. direct contact between brass and aluminium should be avoided.  Copper parts should be joined with steel screws.

3. A suitable joining method should be chosen for the materials.

Methods of Mechanical Joining

Permanent
Rivets



Non-Permanent
Screw fasteners




Folded sheet metal




(bolts, studs, set screws)



Staples






Compression Joints in plumbing



Wire Stitching





Pins or dowels

Screw Fasteners;










Torque;

The correct force on a screw fastener is determined by using special equipment to tighten the screw.  Torque wrenches and torque screwdrivers are tools that will indicate to the operator how much torque or tightening force is being applied.

Torque = Force X Distance

E.g.
A force of 1 Newton at 600mm will have the following torque

Torque = 1 X 0.6 (convert mm to metres for calculation)

= .6 Nm
Screw Manufacture;

High quality screw heads are cold forged, also known as cold heading.  This ensures continuous grain flow from the shank to the head.

High quality screw threads have rolled threads.  This also gives a continuous grain flow that resists shearing.

Types of Screws;

The shape of their head, shape of the point and the length of the threaded portion identify screw types.

1. Socket screws – Hexagonal socket, tighten with an allen key.  Made from special alloy steel.  Cold forged and have high strength.

2. Hexagon head bolts and screws – Hex head bolts are used with a nut.  Used where high strength is required.  Only threaded for part of their length.  

For hex head screws one of the parts to be fastened is tapped and acts as a nut.

3. Self-tapping screws – Hardened fasteners that make their own threads in one of the components.  Used in sheet metal.

4. Thread –forming screws – These displace the material and form the thread in the metal without removing any swarf.  Suitable for ductile materials.

5. Thread – cutting screws – These have flats, grooves or flutes that make cutting edges.  When screw is forced into metal it behaves like a tap.  Used on harder metals.

6. Studs – The stud remains in one of the joint elements.  This eliminates fasteners going missing when a part is removed.

Machine Screw heads; 
Countersunk, Raised Countersunk, Cheese, Raised Cheese, Round, Pan

Hexagon socket head screws;
Countersunk, Cap, Button

Screws and Vibration;
To prevent screws becoming loose due to vibration a lock device should be used.

· Spring Washers

· Nuts with Nylon inserts which grip on the bolt

· Pins inserted in holes drilled through the nut and bolt assembly (split pins)

· Nuts locked against each other (locknuts)

· A spot of locking glue in the screw threads

RIVETS







Hot-formed rivet heads can exert very high compressive forces on the plates.  Heating the rivet makes the head easier to form but it also expands the shank.  Once the head is formed, and the rivet begins to cool, the shank contracts.  This causes a tensile stress, which exerts a very high compressive force on the plates.

SHEET METAL JOINTS

Edges folded and interlocked.  Used for food and liquid containers.  Joint often sealed with a sealant or soft solder.

Panned down joint

Panned down bottom joint

Grooved joint

Knocked-up bottom joint

Inside lock seam joint

Slip joint

PIPE JOINTS

Pipes that carry gases and liquids very often need to be dismantled for servicing, cleaning or replacement.  For this reason temporary joints are used.

Soldered Joint – used by plumbers

Compression Joint – also used by plumbers (usually brass)

Screwed Joint – both pipes threaded, used for thick wall tubes

Union Joint – both pipes threaded, used for thick wall tubes

Flanged Joint – used for large pipes

The type of joint depends on

· The thickness of the wall of the pipe

· The material which the pipe is made from

· The pressure in the pipe work system

Interference Fits

Three methods to do this;

1. Heat the outer part, thus expanding it.  When it cools it contracts and forms a strong joint

2. Cool the inner part, thus shrinking it.  When it reaches its normal temperature again it will have made a tight joint.

3. Mechanically force the two parts together with a hydraulic press.

Methods of Joining





Mechanical





Welding





Bonding





Screw fasteners


Compression Joints





Non-Permanent





Riveting


Sheet Metal Folding


Permanent





Metal Arc 


Gas


Resistance





Soldering 


Brazing


Adhesive Bonding





Permanent Joining Methods





Shear Forces





Shear Forces





Compressive





Tensile





Dowel Pin used to resist shear forces





Shear Forces





Shear Forces





Rivet Head





Compressive forces





Resisted by frictional contact between the plates





Tensile forces in the shank





Force exerted by the head








