ME317  Design form Manufacturing

Lecture 07:  Sheet Metal Processes:

Assignment:  Read Chapters 3.2, 3.3, 3.4, 3.6, 3.11 and 3.15
Sheet Metal Processes:  processes which bend, stretch, cut, or fracture relatively thin metal sheets or pieces into a wide variety of different forms. 
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Film:  Sheet Metal Processes from GE Lynn Manufacturing film series.

Types of sheet metal processes.

Sheet metal processes can be broken down into two major classifications and one minor classification.

Shearing processes-- processes which apply shearing forces to cut, fracture, or separate the material.

Forming processes -- processes which cause the metal to undergo desired shape changes without failure, excessive thinning, or cracking.  This includes bending and stretching.
Finishing processes -- processes which are used to improve the final surface characteristics.

Examples of each of these include:

Shearing Operations        Forming Operations        Finishing Operations
        Punching                          Embossing                            Deburring

        Blanking                             Bending                               Cleaning

          Slitting                        Stretch Forming                         Coating

         Cutting                         Deep Drawing                           Painting

         Sawing                            Spinning                                 Shaving

        Lancing                       Rubber Forming

       Nibbling                          Roll Forming                   Other Operations
        Parting                          Peen Forming                        Flame Cutting

      Notching                      Explosive Forming              Laser Beam Cutting

     Perforating                   Four Slide Forming                Water Jet Cutting

Shearing Processes:

Most shearing operations involve use of a punch and die.
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As the punch is forced down on the material, the material forms cracks on both the top and bottom surfaces of the workpiece.  As the cracks propagate inward, they eventually meet and separation of the material occurs.

Fracture by this method tends to produce two bands of different surface finish quality.

      a) a rough fracture surface

      b) a shiny burnished surface
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See if you can ID each of these surfaces on the edge of the washers.

How the fracture occurs depends upon a number of parameters:

     Shape of punch and die

     Wear on the punch and die

     Material being sheared

     Speed of punching

     Lubrication or lack of

     Clearance between punch and die

The Maximum Punch Force, F, can be estimated by 
                       F = 0.7 T L (ult
L is total length sheared, T is sheet thickness, (ult is ultimate tensile strength of material.  This is based on the product of the shear strength times the area being sheared.  This equation ignores friction, which may make the actual force substantially higher. The amount of force which is required will affect the choice and size of the machine chosen to do the work.
Pattern Layout:

Patterns should be laid out to try to reduce the amount of scrap material created.  However there is a need to leave a minimum amount of scrap material to ensure that the material does not tear when being pulled along a progressive die operation, and to make sure the material doesn't buckle under the shearing pressure.

A rule of thumb or sizing guide to use for determining the amount of material to leave between the edge of the strip and the blank, a,  is given by

                                      a = t + 0.15 d               

where t is the material thickness and d is the width of the blank.  The allowance between successive blanks, b, is a function of the material thickness and may be determined using the following criteria.
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                             0.03125"     if   t <   0.03125"

                  b  =         t              if   0.03125" < t < 0.1875"

                             0.125"         if   t  >  0.125"
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Types of shearing operations include:

Punching:   shearing process using a die and punch where the interior portion of the sheared sheet is to be discarded.

Blanking:   shearing process using a die and punch where the exterior portion of the shearing operation is to be discarded.
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Fine Blanking:  a shearing process which involves additional clamping and pressure applied to the workpiece, which allows the fracture to be of a much better surface finish.

[image: image34.jpg](a)

Tw—

Punch force

Sheet

—— specimen




            
Slitting:  a shearing operation carried out by a pair of circular cutting blades.

similar to the action of a can opener.
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Steel Rule Die:  a shearing operation where a bevel-edge strip of tool steel is bent into a shape and backed so it can be pressed down over a punch.

(kind of like a cookie cutter)
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Rubber Pad Blanking: uses a rubber cushion to push down on a workpiece laid on top of a metal base, thereby bending down the overhanging material and tearing off the overhang.
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Nibbling: use of an oscillating straight punch that repeatedly moves up and down to remove small amounts of material at a time.  Nibbling can be used to create slots of any desired shape.

Die Cutting:  the term given to any of a number of different shearing processes which include 

       Perforating:  punching a number of holes in a sheet

       Parting:  shearing the sheet into two or more pieces

       Notching:  removing pieces from the edges

       Lancing:  leaving a tab without removing any material
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There are a number of other methods that are cutting processes similar to the effect of shearing.  These include:

Sawing:  use of a band saw to remove material by chipping.

Flame Cutting:  use of high temperature cutting torch to melt and remove material.

Laser-beam Cutting:  use of a high energy laser beam to melt and evaporate material along a given line.

Friction sawing: a grinding disk or blade to abrade the metal.

Water Jet cutting: uses water to cut a narrow groove in material by impact forces of fast moving water stream.
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Sheet Metal Forming Processes:

Forming processes:  cause the sheet metal to undergo the desired shape change without such failure as necking or tearing.

These forming processes include: 
      --bending
      --stretching
      --drawing
      --roll forming
Bending:

Bending is deformation of a sheet which places the fibers along one side in compression and other side fibers in tension, characterized by creating a constant curvature along the part's long dimension.

Bend allowance-- the length of the neutral axis in the bend. A calculation needed for sizing the original blank to achieve a final given size.

                       Lb =   ( ( R + k T )

where  (  is the bend angle (in radians), T is the sheet thickness,  R is the bend radius, and k is a constant (from 0.33 for R<2T to 0.5 for R> 2T)

Outer fiber strain:  necking occurs when the elongation in the outer fiber exceeds the uniform elongation of the material strain.  This can be described as 

                    et  =   1/((2 Rb /h) + 1)      <=  eu
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Minimum bend radius-- the ratio at which a crack appears on the outer surface of the bend, expressed in terms of thickness.
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Springback--the elastic recovery of a material after being plastically bent.

Springback can be approximated in terms of the radii Ri and Rf   as 

             Ri/Rf =  4(Ri Y / E / T )3 - 3(Ri  Y / E /T) + 1

where T is thickness, Y is yield strength, and E is elastic modulus.
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Springback increases for 

-- increasing R/T ratio 

-- increasing yield strength

-- decreasing elastic modulus

To compensate for springback

   -- overbend the part

   -- apply surface compressive loading by bottoming the punch.

Bending Force—the force required for bending.  It can be estimated by 

                      P = k Y L T2  / W 

where P is the maximum bending force, L is the length of bend, Y is the yield stress of material, T is material thickness, W is the size of the die opening, and k is a factor that ranges from about 0.3 for a wiping die, to about 0.7 for a U-die, to about 1.3 for a V-die.  
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Types of bending operations:

Mechanical Press--used to bend short lengths at high rates
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Press Brake-- a machine that uses long dies in a
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 mechanical or hydraulic press to perform various
 bending operations.
Wiping--where one side of sheet is clamped down and overhung edge is bent over a long straight edge.
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Roll Bending and Roll Forming--using rollers to form pieces 
with large continuous bend radius or a set of progressive rollers 
to form a continuous shape.
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4-Slide Machine--bending of relatively short pieces by a machine with multiple sliding fixtures.   The multiple slides allow some very complex shapes to be bent in a single operation without having to reposition the workpiece.
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Beading--bending the periphery of the sheet metal into a bead to stiffen the part and eliminate exposed edges.
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Flanging-- bending the edges of sheet metals, usually to 90 degrees.
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Dimpling ( or flaring)-- the process where a hole is punched and then expanded into a flange.
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Hemming--when the edge of a sheet is folded over on itself, increasing the stiffness, improving appearance, and eliminating the sharp edge.
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Stretching:

Stretch forming-- a process where the sheet is clamped down along its circumference and the shape is formed by stretching the material under a die and its applied pressure.

-- the material thickness decreases as the surface volume of the part is increased.
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Cupping test:  a test to measure formability of sheet metal.  A sheet is clamped between two flat dies and the sheet is deformed using a ball or round punch until the sheet starts to crack.  The depth of the test is indicative of the formability of the material.

Drawing:  

Drawing-- a process where a die is applied to a sheet metal blank, and the circumferential material of the blank is drawn down into the die mold.
-- there may be some pressure used to hold down the blank, but it does not 
       restrict all movement of the blank.

-- by drawing the sheet down into the mold, instead of stretching it, the thickness 
       of the original sheet is mostly retained.

-- clearance (approx 10% thicker than sheet thickness) between die and punch 
       must be maintained to avoid tearing and shearing of material

-- too much clearance can allow wrinkling of part being drawn

-- corners of punch and die must be rounded to prevent tearing
-- lubrication is needed

Draw force Pd  for a circular drawing process can be approximated by 

             Pd =  ( Dp T  (ult  (do/Dp - 0.7)
where do is blank diameter,  Dp is punch diameter, T is thickness, and (ult  is ultimate tensile strength.
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Rubber Forming--A drawing process which replaces the hard steel die with a flexible material, such as a polyurethane membrane.  This process allows deeper draws.  
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Hydroforming-- replaces the rubber cushion with a rubber diaphragm backed with fluid. This reduces friction and allows for good control over wrinkling and tearing.
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Embossing:  An operation consisting of shallow or moderate draws, made with male and female dies, usually used for stiffening flats panels or for decoration.
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Spinning:  uses a circular blank held against a rotating mandrel, while a rigid tool is used to deform and shape the material against the mandrel.  This usually involves a number of passes to produce the final shape.
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Explosive forming:  use of an explosive to generate a shock wave that deforms material into a die at very fast deformation rates.

Can be used for working with very large parts.

(can be used to form 1" thick steel pieces) 
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Magnetic Pulse Forming:  Large electrical energy discharges are used to set up eddy currents within material that repelled by other applied magnetic fields.  These repelling forces can be used to collapse the material (almost like a crimping process) over an internal structure.
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