	Trade of Sheet Metalwork

	Module 1:
	Sheetmetal Fundamentals

	Unit 11:
	Wiring

	
	Phase 2 


Table of Contents

4List of Figures


6List of Tables


7Document Release History


8Module 1 – Sheetmetal Fundamentals


8Unit 11 – Wiring


8Learning Outcome:


8Key Learning Points:


8Training Resources:


9Exercise:


9Key Learning Points Code:


11Wiring by Hand


13Use of Swaging Machine for Wiring


13Tin Plate


14Wiring


16Wiring Cylinders


21Wiring External Curves


22Mark Wiring Allowance on Edge


22Closing


24Wired Discs


25Wiring Internal Curves


26Closing


27Wiring Pre-Formed Edges


31Edge Preparation


32Wiring


33Forming


34Assembling


36Self Assessment


41Answers to Questions 1-14. Module 1.Unit 11


46Index




List of Figures

9Figure 1 - Wiring


10Figure 2 - Typical Faults when Wiring a Straight Edge


10Figure 3 - Hatchet Stake


11Figure 4 - Tucking the Edge of the Metal to the Wire


11Figure 5 – Flattening the Metal above the Wire with a Mallet


12Figure 6 - Edge Preparation on a Jennying Machine


13Figure 7 - Wiring Rolls


13Figure 8 - Insert Pre-formed Wire


14Figure 9 - Close Metal over Wire


14Figure 10 - Closing Roll


15Figure 11 - Bend Allowance


16Figure 12 - Wiring Cylinders


16Figure 13 - Position Sheet against Face of Hatchet Stake


17Figure 14 - Tuck in Edge of Metal to Wire


17Figure 15 - Select and Fit a Creasing Iron


18Figure 16 - Set Edges of Sheet to Required Curvature


18Figure 17 - Position Work in Bending Rolls


19Figure 18 - Insert Projecting Wire End


19Figure 19 - Hook Groove and Slide Edge


20Figure 20 - Preparing Edges for Wiring


20Figure 21 - Bench Mandrel


21Figure 22 - Mark Wiring Allowance on Edge


21Figure 23 - Position Wire against Edge


22Figure 24 - Strike Top Edge with Mallet


22Figure 25 - Examine Work


22Figure 26 – Insufficient Material Bent over Wire


23Figure 27 - Excess Material Bent over Wire


23Figure 28 - Use Machine to Tuck in Metal


23Figure 29 - Wired Discs


24Figure 30 – Mark off Wiring Allowance


24Figure 31 - Place Work on Stake


24Figure 32 - Knock Flange Back to 45º


25Figure 33 - Close Metal over Wire


25Figure 34 - Paining Down Hammer


26Figure 35 - Marking Gauge


26Figure 36 - Observe the "Break Mark"


27Figure 37 - Length of Wire Required


27Figure 38 - Close Metal over Wire


28Figure 39 - Close Remainder of Flange over Wire in Stages


28Figure 40 - Square Edge Stake


28Figure 41 - Funnel Stake


29Figure 42 – Stiffening Boxes with Lids


29Figure 43 – Box with Wired Edge and Backlapped Body


30Figure 44 - Cut Slots to Allowance Mark


30Figure 45 - Edge Preparation


31Figure 46 - Wire Stub


31Figure 47 - Wire Tail


32Figure 48 - Forming


33Figure 49 – Box End Tails


33Figure 50 - File Top Edge of Backlap


34Figure 51 - Cut and Form Lid




List of Tables

Document Release History

	Date
	Version
	Comments

	10/07/06
	First draft
	

	07/04/14
	2.0
	SOLAS transfer

	
	
	

	
	
	


Module 1 – Sheetmetal Fundamentals
Unit 11 – Wiring
Duration – 3.5 Hours

Learning Outcome:
By the end of this unit each apprentice will be able to:
· Calculate a wired edge allowance using formula and strip of metal method

· Straighten out piece of wire before wiring

· Construct wired edge by hand

· Construct wired edge using a swaging machine (Universal Combination Rotary Machine)
Key Learning Points:

	Rk
	Metal strip method.

	Sk
	Notching arrangements.

	Rk
	Wiring - procedure, methods of wiring, equipment, folding.

	Sk
	Closing edge, and tucking in metal procedure using mallet/hammer and stake.

	Sk
	Wiring by using universal combination rotary machine (swaging machine) and wiring wheels.

	D
	Angles.

	Rk
	Metals - Tinplate, working properties.


Training Resources:

· Toolkit.

· 5 mm diameter wire.

· Aluminium, mild steel, galvanised iron in thicknesses from 0.6 mm.

· Safety equipment and protective clothing.

· Tools and machinery/equipment.
Exercise:

Wiring Exercise – Figure 1.

Key Learning Points Code:
M = Maths
           D= Drawing     RK = Related Knowledge Sc = Science

P = Personal Skills
Sk = Skill
   H = Hazards
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Figure 1 - Wiring
Wiring by Hand XE "Wiring by Hand" 
In most fabrication shops wiring is essentially a hand operation. As a general rule the allowance for a wired edge is 2½ times the diameter of the wire. The flange or edge is folded up just over 90° and knocked over the wire with a mallet. A skilled craftsman can control the operation of forming the metal over the wire by pulling over or knocking back the metal with the mallet. Figure 2 illustrates common faults which may occur when wiring a straight edge.
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Figure 2 - Typical Faults when Wiring a Straight Edge

The formula for working out the wire allowance is not always accurate enough.

To ensure accuracy cut a strip of metal and apply formula. Check workpiece and establish if more or less metal is needed to make wiring job perfect. Repeat as often as needed. Always make sure you use the same gauge material and process when using the 'trial and error' method.
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Figure 3 - Hatchet Stake
The head is tapped along the top edge with a mallet and the sharp edge of the hatchet stake ‘tucks’ the edge of the metal to the wire as shown in Figure 4.
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Figure 4 - Tucking the Edge of the Metal to the Wire

The wired edge is placed down in a suitable groove in a crease iron and tightened up by flattening the metal above the wire with a mallet.

The wired edge is moved progressively along the groove during this operation until the whole length is tightened.
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Figure 5 – Flattening the Metal above the Wire with a Mallet
Use of Swaging Machine for Wiring XE "Wiring by Hand:Use of Swaging Machine for Wiring" 
For a wired edge the allowance must be equal to 2½ times the diameter of the wire. The measurement is taken from the face of the gauge to the centre to the lower roll as shown in Figure 6. The gauge is adjusted. After setting to the required measurement the gauge is locked in position.

When flanging a disc, a small piece of metal, folded, should be used to prevent injury to the operator's hand. Remove all burrs from the metal disc before commencing the operation.
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Figure 6 - Edge Preparation on a Jennying Machine

Tin Plate XE "Wiring by Hand:Tin Plate" 
This is mild steel with a coating of tin. Tin melts at 232°C. When fabricating items out of tinplate the joints are usually soft soldered. This renders them water-tight. Care must be taken not to scratch the tin off the tinplate. Tinplate has largely been replaced by stainless steel and aluminium. Solder is a mixture of lead and tin. 

Wiring XE "Wiring" 
Wiring rolls are similar to jenny rolls but the top roll has a wide rounded edge and the lower roll has a radiussed groove. Various widths of top rolls are available for different diameters of wire.
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Figure 7 - Wiring Rolls
Select correct top roll. Fit top and bottom rolls. Set gauge to dimension required. Allowing for wire allowance measure from outside of top roll.

Support work between wheels and tighten adjusting screw. Turn handle keeping edge of work in contact with gauge. Raise work while turning as for jennying. Tighten top rolls until required shape is obtained.

Support on suitable stake and insert pre-formed wire.
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Figure 8 - Insert Pre-formed Wire
Close metal over wire using mallet.
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Figure 9 - Close Metal over Wire
Change forming roll for closing rolls. Top closing roll has curved inner edge as shown in Figure 10. Close wired edge as you would form edge in easy stages until metal is tucked in all around.
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Figure 10 - Closing Roll
Add an allowance of 2½ times the diameter of the wire to any edge requiring a wired finish.

Wiring Cylinders XE "Wiring:Wiring Cylinders" 
Cylindrical work may be wired before rolling to shape. Mark wiring allowance into three parts.

Bend allowance as shown in Figure 11, using bending or folding machine. Cut wire to required length.
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Figure 11 - Bend Allowance

Note: Add thickness of wire to outside diameter of cylinder when calculating length, plus extra for projection past end of work. Make a saw cut through approx. 2/3 of wire diameter at correct length mark.

Place work on bench plate. Position wire so that the uncut end is projecting beyond edge of work, to ensure that wire joint & seam of cylinder do not coincide.

Note: When work to be wired has a grooved joint, wire must project at the end of work with grooving fold turned down.

Close metal over wire with mallet at one end of work. Repeat operations along the wire.

Close metal over remainder of wire.
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Figure 12 - Wiring Cylinders
Select hatched stake and check that it is free from chips or marks. Fit securely in a stake holder or vice.

Position work as shown in Figure 13, sheet against face of hatchet stake.
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Figure 13 - Position Sheet against Face of Hatchet Stake
Tap along top edge of work to close or "tuck in" edge of metal to wire.
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Figure 14 - Tuck in Edge of Metal to Wire

Select and fit a creasing iron after checking that it is free from marks.

Position work, wired edge down into a suitable groove.

Tighten wire by flattening metal above wire with mallet.

Move work along groove, striking directly above iron until whole length is tightened.
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Figure 15 - Select and Fit a Creasing Iron
Set edges of sheet to required curvature on a suitable bar or mandrel, before forming in bending rolls. Fit metal strips in groove folds to prevent accidental closure.
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Figure 16 - Set Edges of Sheet to Required Curvature

Position work in bending rolls after selecting suitable size wiring groove.

The slip roll is the one on which cylinder is formed and from which formed cylinder can be removed.
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Figure 17 - Position Work in Bending Rolls

Grip saw cut end of wire with pliers and pull outwards.

Wire will snap off at saw cut, opening folded edge of metal sufficiently to allow projecting wire end to be inserted.
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Figure 18 - Insert Projecting Wire End
Hook groove and slide edge as shown in Figure 19 until wire projection slides into opened part of wired edge.

Form groove joint and close opened part of wired edge, tucking in to finish.
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Figure 19 - Hook Groove and Slide Edge

Wiring External Curves XE "Wiring:Wiring External Curves" 
Flat panels with curved edges, are frequently stiffened by wiring. Conical work may also be wired before forming.

Edges may be prepared for wiring using the jenny machine or Universal Rotary Machine.
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Figure 20 - Preparing Edges for Wiring

Note: Edges may also be prepared by hand, using a half moon stake, or bench mandrel. Ensure edge of stake or mandrel is not too sharp.
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Figure 21 - Bench Mandrel

Mark Wiring Allowance on Edge XE "Wiring:Mark Wiring Allowance on Edge" 
Form "break" mark using a mallet. Hold plate at a slight angle during this operation. Observe "break" mark follows marked line.

Reposition plate to approximately 2/3 of allowance.

Form second break.

Repeat operation, at approx 1/3 of allowance.
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Figure 22 - Mark Wiring Allowance on Edge
Closing XE "Wiring:Closing" 
Cut wire slightly in excess of requirements and form to shape. Place plate on a suitable flat surface and position wire against edge, allowing a slight projection of ¼" - ½" (6 mm - 12 mm).
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Figure 23 - Position Wire against Edge

Note: If a conical article is being wired before forming, calculate the length of the wire required, saw, cut and position as for wiring cylinders.

Close metal over wire using a mallet.

Strike top edge with mallet to tuck in wire.
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Figure 24 - Strike Top Edge with Mallet
Examine work to determine if material bent over wire is sufficient to completely cover the wire without leaving any gap between edge and surface of wire.
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Figure 25 - Examine Work

Note: If insufficient material has been bent over wire, strike edge with a drawing motion to bring over more metal.

Failure to do so will mean a gap being left between edge and surface of the sheet.
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Figure 26 – Insufficient Material Bent over Wire
If excess material has been bent over wire, strike edge with a drawing motion to reduce amount of material available for complete coverage of wire.
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Figure 27 - Excess Material Bent over Wire
An alternative method is to use a jenny or Universal Rotary Machine to tuck in the metal.

When using the machine be careful not to mark the metal.
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Figure 28 - Use Machine to Tuck in Metal
Wired Discs XE "Wiring:Wired Discs" 
Flat discs when wired may become loose in the centre due to edge stretching caused by the wiring operation. This may be corrected by reversing the wiring using a jenny or Universal Rotary Machine.
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Figure 29 - Wired Discs

Wiring Internal Curves XE "Wiring:Wiring Internal Curves" 
External curved wired edges require extreme care being exercised during the edge preparation and wiring operation, to prevent splits developing.

Edge preparation.

Mark off wiring allowance and select a suitable hatchet stake or other straight edge stake.
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Figure 30 – Mark off Wiring Allowance
Place work on stake and with a stretching hammer, form "break" mark. Hold work at a slight angle during this operation.
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Figure 31 - Place Work on Stake

Repeat striking operations along edge of work until edge is at right angles to work.

Place work on bench with edge overhanging. Support back of edge with a hatchet stake - knock flange back to 45º approx.
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Figure 32 - Knock Flange Back to 45º
Closing XE "Wiring:Closing" 
Close metal over wire with a mallet, working in stages to close metal evenly.

If work is to be rolled to shape, tucking in may be left until forming is complete.

Use a bossing mallet for small radii.
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Figure 33 - Close Metal over Wire

An alternative method of tucking in is to make use of a paining down hammer.

Exercise care when using the hammer to prevent scratches or marks on surface of plate.
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Figure 34 - Paining Down Hammer
Wiring Pre-Formed Edges XE "Wiring:Wiring Pre-Formed Edges" 
Conical work may be wired flat or after forming to shape.

Use may be made of a marking gauge made from a piece of metal with a notch cut to the required allowance.
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Figure 35 - Marking Gauge
Select a suitable square edge stake with slight radius on edge free from marks etc.

Work in stages, stretching carefully to avoid cracking of edges until flange is square.
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Figure 36 - Observe the "Break Mark"

Calculate length of wire required. Cut to length and form to circular shape.

Support work on a suitable stake mandrel.

Place wire against flange, ensuring that its joint does not coincide with body joint.

[image: image37.jpg]Note the wire
joint is positioned
W\, clear of seam





Figure 37 - Length of Wire Required

Close metal over wire at several points on circumference using a mallet. Hold wire against flange with thumb of free hand. Turn work as required to ensure mallet strikes solidly over stake or bar.
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Figure 38 - Close Metal over Wire
Close remainder of flange over wire in stages, turning work as required.

Note direction of blow as flange is worked over.
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Figure 39 - Close Remainder of Flange over Wire in Stages

Transfer work back to square edge stake and tuck in wire as shown in Figure 40.
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Figure 40 - Square Edge Stake

Replace work on funnel stake and tighten wire as shown in Figure 41.
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Figure 41 - Funnel Stake
Backlapped wired edges are frequently used as a means of stiffening boxes fitted with lids.

This method of stiffening gives the strength of a wired edge, combined with a smooth straight edge on which to fit the lid.

It is usual when forming edges of this type to use a heavier gauge of wire on the body, thus permitting an equal overall size of body and lid to be maintained.

The usual difference is two gauges of wire.

Hinging arrangements are often included in the backlapping process.
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Figure 42 – Stiffening Boxes with Lids
Construction of a box with wired edge lid and backlapped body.

Marking out.

Mark off body pattern including allowances for backlapping.

Mark off on one side, position of hinges. Mark to depth of backlap allowance.

Mark position of bends for sides. Mark off end patterns including allowances for backlapping.

[image: image43.jpg]Bending marks
(on opposite side)





Figure 43 – Box with Wired Edge and Backlapped Body
Note: Make allowances for type of body-end joint used.

(Lap soldered joint will be used in this example).

Cut notches in ends to be depth of backlap allowance.

Support sheet firmly and saw cut slots at hinge marks, cutting slots down to allowance mark.
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Figure 44 - Cut Slots to Allowance Mark
Edge Preparation XE "Wiring:Edge Preparation" 
a) Prepare edges of body for wiring using a cramp folding machine.
Ensure bends are on face opposite bending marks.

b) Repeat operation (a) for box ends.
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Figure 45 - Edge Preparation
Wiring XE "Wiring:Wiring" 
Cut wires for body of box. These must be cut to leave ends short of body edges.

Place work on a suitable flat surface and position wire so that it is short of each end equally. Wire edge as previously described, inserting short stubs at ends to prevent closure of metal at ends.
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Figure 46 - Wire Stub
Cut wires to length of box end plus extra to form "tails". Mark wires for bending so that each tail is equal.

Bend tails at right angles and wire ends as previously described.
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Figure 47 - Wire Tail

Forming XE "Wiring:Forming" 
a) Reverse body wire using cramp folding machine.

b) Raise bending beam level with machine bed, using adjusting screws.

c) Place work in machine, wired edge down.
Align edge of wiring with forming blade of clamping beam and lower clamping beam to reverse wire.

d) Repeat operation for other body wire.

e) Set bending beam for metal thickness.

f) Turn work over and align backlap mark with edge of forming blade.

g) Clamp in position and bend to limit of folder.

h) Remove work from folder and insert folded edge under clamping beam.

i) Lower clamping beam to close folded edge of work.

j) Repeat operation (f) to (h) without turning work over.

k) Set to each bending mark in turn and form body.

l) Repeat operations (a) to (i) for each box end.
Swing wire tails upright for these operations by twisting with pliers.

m) Form flanges for soldering, on box ends.
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Figure 48 - Forming
Assembling XE "Wiring:Assembling" 
Remove wire studs from body wiring, after marking ends to indicate length of box and tails required.

Cut box end tails to correct length.

Fit ends to body pushing tails into space left by wire studs. Align ends and solder in position.
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Figure 49 – Box End Tails
Support box firmly and file top edge of backlap on each hinge position until double thickness is filed off, leaving a hinge tub.
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Figure 50 - File Top Edge of Backlap
Cut and form lid, wiring edge after forming.
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Figure 51 - Cut and Form Lid
Self Assessment XE "Self Assessment" 
Questions on Background Notes – Module 1.Unit 11

1.    
Name two types of riveted joints.

	


2.    
What type of rivet is used mainly in aircraft?
	


3. What rivet type is used where strength is most important? 

	


4.      List 3 factors which can cause defects in riveted joints.    

	


5.  
List 2 ways in which a rivet may fail.

	


6.      What is the formula to obtain the right diameter rivet for the job?

	


7.      What is the distance from the edge of the work to the centre of the rivet?
	


8.      What distance should you make the overlap?

	


9.      What percentage (%) of 250 is 20?

	


10.    Find 40% of 360.

	


11.    Convert   ⅗ to a percentage.

	


12.    Express the ratio 24:6 as a fraction.

	


13.     Change .65 to a percentage.

	


14.    What does nesting help reduce?

	


Answers to Questions 1-14. Module 1.Unit 11

1.

	· Single Riveted Lap Joint.

· Double Riveted 2 AP Join.

· Single-Strap Butt Joint.

· Double-Strap Butt Joint.

   


2.

	A solid mushroom type head, they decrease drag



3.

	                     Roundhead or Snaphead                                    

                     


4.

	                     a.   Sheets not closed together i.e. rivet not drawn up

                           sufficiently.

                     b.   Rivet holes not matched.

                     c.   Insufficient hole clearance.

                     d.   Hole too large for rivet.




4. Continued.
	   e.   Rivet set or dolly not struck square.    

f.    Drilling burrs not removed.

g.    Rivet too short or to long.   


5.   
	                        Shearing of the rivet.

                        Crushing of the rivet.

                        Splitting of the metal.

                        Rupturing or tearing of the plate.




6.

	                        D = 1.25
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                        D = Diameter of rivet 

                        T = plate thickness.


7.
	                       The distance from the edge of metal to centre of rivet should be

                       at least twice the diameter of the rivet. The maximum distance

                       is limited to 10 times the material thickness that is the steel being                  

                       riveted.


8.

	                       The minimum overlap is 4 times the diameter of the rivet. 




9.

	                        250 = 100%

                            1 = 
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                          20 = 
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  =  
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10.
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11.
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 x 3 = 
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12.

	                        24 : 6 as a fraction is  ¼     



13.

	                        .65  x  100  =  6.5 %   →  65% 



14.

	                         Nesting helps reduce scrap and so the overall cost of the job. 
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