





 Categories
 Top Downloads









Login
Register
Upload











Search












	
Categories

	
Top Downloads

	
	
Login

	
Register







Search











	
Home

	Sheet Metal Operation

 Sheet Metal Operation


July 7, 2017 | Author: Chinmay Das | Category: Sheet Metal, Materials Science, Mechanical Engineering, Materials, Metalworking 


 DOWNLOAD PDF - 1.7MB



 Share
 Embed
 Donate



 Report this link







Short Description

Download Sheet Metal Operation...



Description


Module-II of PDPT



2.4 SHEET METAL OPERATION In today’s practical and cost conscious world, sheet metal parts have already replaced many expensive cast, forged and machined products. The reason is obviously the relative cheapness of stamped, mass produced parts as well as greater control of their technical and aesthetic parameters. That the world slowly turned away from heavy, ornate and complicated shapes and replaced them with functional, simple and logical forms only enhanced this tendency towards sheet metal products. The common sheet metal forming products are metal desks, file cabinets, appliances, car bodies, aircraft fuselages, mechanical toys and beverage cans. Sheet forming dates back to 5000 B.C., when household utensils and jewelry were made by hammering and stamping gold, silver and copper. Due to its low cost and generally good strength and formability characteristics, low carbon steel is the most commonly used sheet metal. For aircraft and aerospace applications, the common sheet materials are aluminium and titanium.



(a)



(b) Figure 2.4.1: Sheet metal product



The figure 2.4.1(a) shows a conventional product having parts attached to it by spot welding while figure 2.4.1(b) shows a modification of the product through sheet metal operations. In sheet metalworking operations, the cross-section of workpiece does not change—the material is only subjected to shape changes. The ratio crosssection area/volume is very high. Sheet metalworking operations are performed on thin (less than 6 mm) sheets, strips or coils of metal by means of a set of tools called punch and die on machine tools called stamping presses. They are always performed as cold working operations.



Figure 2.4.2: Sheet metal product
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Figure 2.4.2 shows another modification of conventional product by sheet metal product. When the requirement of a component exceeds 50,000 pieces, the product design and development engineer should consider the possibility of manufacture from sheet metal by modifying the design suitably.



Sheet Metal Characteristics In sheet metal forming operations certain characteristics of sheet metal play very important role in getting good quality desirable products. • Elongation: Because the material is usually being stretched in sheet forming, high uniform elongation is desirable for good formability. The true strain at which necking begins is numerically equal to the strain-hardening exponent n*, thus a high value of n indicates large uniform elongation. Necking may be localized or it may be diffuse, depending on the strain rate sensitivity m** of the material. The higher the value of m, the more diffuse the neck becomes; diffuseness is desirable in sheet metal operations. In addition to uniform elongation and necking, the total elongation of the specimen is also a significant factor in the formability of sheet metals. Obviously, the total elongation of the material increases with increasing values of both n and m. • Yield Point Elongation: Low carbon steels exhibit a behaviour called yield point elongation, one having upper and lower yield points. This behaviour indicates that, after the material yields the sheet stretches farther in certain regions without any increase in the lower yield point, while other regions in the sheet have not yet yielded. Aluminium –magnesium alloys also exhibit this behaviour. This behaviour produces Lueder’s bands (stretcher strain marks or worms) on the sheet. They are elongated depressions on the surface of the sheet, can be found on the bottom of the cans used for common household products. They may be objectionable in the final product, because coarseness in the surface degrades appearance and causes difficulties in subsequent coating and painting operations. The usual method of avoiding these marks is to eliminate or to reduce yield point elongation, by reducing the thickness of the sheet 0.5 to 1.5 % by cold rolling (temper or skin rolling). Because of strain aging however the yield point elongation reappears after a few days at room temperature or after a few hours at higher temperatures. • Anisotropy: An important factor that influences sheet metal forming is anisotropy (directionality) of the sheet. There are two types of anisotropy: crystallographic anisotropy (preferred orientation of the grains) and mechanical fibering (alignment of impurities, inclusions, and voids through out the thickness of the sheet). • Grain size: The coarser the grain, the rougher is the surface appearance. An ASTM grain size of 7 or finer is preferred for general sheet metal forming operations. • Residual stresses: This is caused by non uniform deformation during forming. It causes part distortion when sectioned and can lead to stress corrosion cracking. This is reduced or eliminated by stress relieving operations. • Springback: This is caused by elastic recovery of the plastically deformed sheet after unloading. Due to this distortion of part and loss of dimensional accuracy happened. It can be controlled by techniques such as overbending and bottoming of the punch. • Wrinkling: This happened due to circumferential compressive stresses in the plane of the sheet and is controlled by proper tool and die design. • Quality of sheared edges: The edges can be rough, not square, and may contain cracks, residual stresses, and a work hardened layer all of which are detrimental to the formability of the sheet. The quality can be improved by control of clearance, tool and die design, fine blanking, shaving, and lubrication. • Surface condition of sheet: It depends on rolling practices. This is important in sheet forming as it can cause tearing and poor surface quality.



Types of Press Working Operations All sheet metal operations can be grouped into two categories: cutting operations and forming operations. • Blanking: It is the operation of cutting a flat shape from sheet metal. The article punched out is called the blank and is the required product of the operation. The hole and the material left behind are discarded as waste. It is usually the first step of series of operations. *{ σ=Kε
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Punching or Piercing: It is a cutting operation by which various shaped holes are made in sheet metal. Punching is similar to blanking except that in punching the hole is the desired product, the material punched out to form the hole being waste. Notching: This is cutting operation by which metal pieces are cut from the edge of a sheet, strip or blank. Perforating: This is a process by which multiple holes which are very small and close together are cut in flat workpiece material. Trimming: This operation consists of cutting unwanted excess material from the periphery of a previously formed product. Shaving: The edges of a blanked part are generally rough, uneven and unsquare. Accurate dimensions of the part are obtained by removing a thin strip of metal along the edges. Slitting: It refers to the operation of making incomplete holes in a workpiece. Lancing: This is a cutting operation in which a hole is partially cut and then one side is bent down to form a sort of tab. Since no metal is actually removed, there will be no scrap. Nibbling: This operation is generally substituted for blanking in case of small quantities of components having complex shapes. The part is usually moved and guided by hand as the continuously operating punch cuts away at the edge of the desired contour. Bending: In this forming operation sheet metal is uniformly strained around a linear axis which lies in the neutral plane and perpendicular to the length wise direction of the sheet. Drawing: This is a process of forming a flat workpiece into a hollow shape by means of punch which causes the blank to flow into a die cavity. Squeezing: Under this operation the metal is caused to flow to all portions of a die cavity under the action of compressive forces. Coining: It is a forming operation in which a slug is deformed such that the two sides of the slug are having two different impressions. Embossing: It is also a forming operation in which a sheet is deformed such that an emboss is formed on one side and a corresponding depression on the other side.



Figure 2.4.3: Sheet metal operations Stresses caused in the metal by the applied forces Shearing Tension and compression Bending(tension and compression) Tension Compression



Name of the processes Blanking, piercing, trimming, notching, shearing Drawing, redrawing, spinning Forming Stretching Coining, sizing Table-I: Sheet metal processes



Principle of Shearing Action In the fabrication of a sheet metal part a suitable intermediate flat shape or blank is first cut from a strip of sheet metal. Shearing operations are conventionally subdivided into (1) shearing, which employs general purpose shearing machines and usually cuts along a straight line, and (2) the die shearing processes,
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Module-II of PDPT which employs punches and dies of various shapes. The metal is brought to the plastic stage by pressing the sheet between two shearing blades so that fracture is initiated at the cutting points. The fracture on either side of the sheet further progressing towards each other with downward movement of the upper shear, finally result in the separation of the slug from the parent strip. The metal under the upper shear is subjected to both compressive and tensile stresses. In an ideal shearing operation, the upper shear pushes the metal to a depth equal to about one third of its thickness. Because of pushing of the material into the lower shear, the area of cross section of the metal between the cutting edge of the shears decreases and causes the initiation of the fracture. This portion of the metal which is forced into the lower shear is highly burnished and would appear as a bright band around the blank lower portion. The fractures which are initiated at both the cutting points would progress further with the movement of upper shear and if the clearance is sufficient, would meet, thus completing the shearing action.



Figure 2.4.4: Shearing operation



Figure 2.4.5: Stresses in shearing



Figure 2.4.6: Material being sheared
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The appearance of the cut edge of the blank is shown schematically in figure 2.4.7. When the plastic deformation starts, the material flows beneath the upper shear and would appear as an edge radius as shown at A in the stock. Similar flow of metal at the lower shear would result in the edge radius B in the slug. The metal pushed in by the upper Figure 2.4.7: Characteristics of cut in shearing shear before the separation would burnish the metal and result in the cut band as shown in C in the stock by the upper shear and D in the slug by the lower shear.



Clearance The die opening must be sufficiently larger than the punch to permit a clean fracture of the metal. This difference in dimensions between the mating members of a die set is called Clearance .When correct clearances are used, a clean break would appear as a result of the extension of the upper and lower fractures towards each other. With an insufficient clearance additional cut bands would appear before the final separation. Ductile materials require smaller clearances (Otherwise soft material will be drawn into the gap) and longer penetration of the punch compared to harder materials. If the clearance is more than the optimum value, then • Penetration is more; • Work done is more; • Burr forms. If the clearance is less than the optimum value, then • Peak load is more; • Penetration is slightly more; • Work done is more; • The edge of the product is not smooth.



Figure 2.4.8: Improper clearance
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Module-II of PDPT Reduction in die clearance reduces the burr, but hastens the blunting of the cutting edges of dies and punches. This results in frequent resharpening of press tools and decreases the tool life and the number of components the tool can produce. Generally, a press tool produces thousands of components per shift. It is uneconomical and impracticable to deburr the millions of components usually produced in mass production runs. So many industries sacrifice tool life to reduce the inconvenient burr on the sheared components. If the shear cutting edges become dull, the shearing force will be spread over a larger area so that more plastic deformation is caused in the metal before the stress reaches the rupture point. Then, even more clearance is necessary, and more energy is required. Sheared edges of workpiece may be work-hardened to such an extent that cracking may occur in subsequent working operations. The use of sharp cutting edges and annealing after the shearing will help to prevent possible cracking of sheared edges. The clearance is applied in the following manner: 1. when the hole has to be held to size, i.e., the hole in the sheet metal is to be accurate ( punching operation) , and slug is to discarded, the punch is made to the size of hole and the die opening size is obtained by adding clearance to the punch size. 2. In blanking operation, where the slug or blank is the desired part and has to be held to size, the die opening size equals the blank size and the punch size is obtained by subtracting the clearance from the die opening size. The clearance is a function of type, thickness and temper of work material, harder materials requiring larger clearance than soft materials, the exception being aluminium. The usual clearance per side of the die, for various materials is given in terms of stock thickness. Material Clearance Brass and soft steel 5 % of thickness Medium carbon steel 6% of thickness Hard steel 7% of thickness Aluminium 10% of thickness Plastics 12 % of thickness Table-II: Clearance for various materials The clearance may also be determined with the help of following relation:



C = 0.0032 t { τs }0.5 mm Where τs = shear strength of the work piece material in N / mm2 .



Figure 2.4.9: Clearance in punching and blanking operations
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Figure 2.4.10: Effect of clearance on shearing load and edge characteristics



2.4.11: Section through blanking die A section through blanking die is given in figure 2.4.11, showing clearance, land, straight and angular clearance. Land: It is the flat usually horizontal surface contiguous to the cutting of a die which is ground and reground to keep the cutting edges of the punch sharp. Straight: It is the surface of a cutting die between its cutting edge and the beginning of the angular clearance. This straight portion gives strength to the cutting edge of the die and also provides for sharpening of the die. This straight portion is usually kept at about 3 mm for all materials less than 2 m thick. For thicker materials, it is taken to be equal to the metal sheet thickness. Angular clearance: This is provided to enable the slug to clear the die. It is placed below the straight portion of the die surface. Its value usually varies from 0.25 to 1.5 0 per side but occasionally as high as 20, depending mainly on stock thickness and frequency of sharpening. Punch and die clearance after considering the elastic recovery of the material: Due to springback effect after the release of blanking pressure, the blank expands slightly. The blanked part is thus actually
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Module-II of PDPT larger than the die opening that has produced it. Similarly in punching operation after the strip is stripped off the punch, the material recovers and the hole contracts. Thus the hole is smaller than the punch which produced it. This difference in size due to elastic recovery of material depends on blank size, sheet thickness and sheet material. Up to sheet thickness of o.25 mm, this can be taken as zero. For sheet thickness from 0.25 to 0.75 mm, it may be taken as 0.025 mm while for sheet thickness more than 0.75 mm, it may be taken as 0.050 mm.



Cutting Forces In cutting operation as the punch in its downward movement enters the material, it need not penetrate the thickness of the stock in order to affect complete rupture of the part. The distance which the punch enters into the work material to cause rupture to take place is called penetration and is usually given as the percentage of the stock thickness. When a hard and strong material is being cut, very little penetration of the punch is necessary to cause fracture. The percentage penetration also depends on the sheet thickness, being smaller for thicker sheets and greater for thinner sheets. Stock thickness, mm Penetration % of thickness
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Table-III: Penetration The forces developed in shearing operation can be represented by a triangle as depicted in figure 2.4.12. The vertical shearing force is represented by V while the horizontal or lateral force is designated as H. the resultant force is represented by R.



Figure 2.4.12: Forces in shearing operation Vertical Force: The value of the vertical component V depends on the shear strength of the material to be cut and the area to be sheared. Shear area is the product of the length of the cut and the sheet thickness. Shear cut area, S = Cut length {C} x Sheet thickness { T} and Shear force, V = S x τs Where V is in N and τs is shear strength of sheet metal in N / mm2 . Horizontal Force: The value of horizontal or lateral force H depends on the die clearance: the gap between the die and the punch cutting edges. Let us draw a triangle with workpiece thickness as vertical side, clearance as a horizontal, and the third as a diagonal. This triangle is similar to the triangle representing the vertical and horizontal forces in shearing. Consequently the horizontal force can be stated in terms of vertical force percentage. This percentage is the same as die clearance percentage per side. Energy in press work Energy in press work or the work done to make a cut is given as Energy = Maximum Vertical Force x Punch Travel E = Vmaximum x K x t x C
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Module-II of PDPT Where K represents percentage penetration, t is sheet thickness and C accounts for extra energy required to overcome losses like machine friction etc. (C depends on the circumstances in each case and is 1.16 for general purpose).



Methods of Reducing Cutting Force It has been assumed that the bottom of the punch and top of the die block lie in parallel planes and that the blank is severed from the sheet metal by shearing it simultaneously along whole perimeter. This process is characterized by very high punch forces exerted over a very short time, resulting in shock or impulse conditions. It is essential to reduce cutting force and to smooth out the shock impact of heavy loads. This is achieved by arranging for a gradual cut instead of sudden cut of the stock. For this, two methods are generally used: shear and staggering of punches. 1. Shear: The working faces of the punch or die are ground off so that these don’t remain parallel to the horizontal plane but are inclined to it. This angle of inclination is called shear. This has the effect of reducing the area in shear at any one time and maximum force is much less. It may reduce by as much as 50 %. In figure 2.4. (a), the shear is zero, i.e., the cutting edges are parallel. The material is cut at once on the entire perimeter resulting in maximum load. The force diagram shows a steep rise at maximum load and then sudden load release sometimes severe on both press and dies, as the cut is completed. In figure 2.4. ( b) , the face of the punch is ground off so that shear is equal to t/3 . The cutting action will start at the leading edge of the punch and then it will gradually spread to the rest of the punch. With this, only a part of the punch would be cutting at any instant. While maximum force will decrease, the energy required to complete the cut remains same. So the punch travel in this case will be more than in case (a). In figure 2.4. (c) , the shear is equal to t. When the leading edge has travelled through the stock a distance t, the trailing edge will start making contact with the material. The maximum force will be half of that when shear is zero. The punch travel will be still greater. The provision of shear distorts the material being cut. When shear is on the face of the punch, the blank cannot be flat and when shear is on the die, the piercing cannot be flat. So, for blanking operation, shear is provided on the die face and for punching or piercing operation shear is provided on the punch face. Figure 2.4. shows various methods of applying shear on the punch and die face. Wherever possible, double shear should be used so that the two shear faces neutralize the side thrusts which each sets up. If the shear is quite big , say 2t or 3t, then the cutting edges of the tools will become too acute and liable to break away easily. However the shear must be at least equal to the percentage penetration. When shear is provided on punch or die, then Punch travel = K x t + Amount of shear ( I) Where I = total inclination or shear on punch or die Work done = V x { Kt + I}, Where V is the actual cutting force and it will be less than Vmaximum . Since work done remains the same, therefore we have V x { Kt + I}= Vmaximum x Kt Or



(Vmaximum - V) x Kt and V Vmaximum x Kt V= Kt + I



I=



The above is true for single and double shear. 2.



Staggering of punches: As an effect similar to shear can be obtained by staggering two or more punches that all operate in one stroke of press. The punches are arranged so that one does not enter the material until the one before it has penetrated through. In this manner the cutting load may be reduced approximately 50 percent. Figure 2.4.13: Staggering of punches
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Figure 2.4.14: Effect of shear on cutting force



Figure 2.4.15: Effect of shear on punch with resultant distortion of the slug



Figure 2.4.16: Shear on punch and die
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Module-II of PDPT Press Working Terminology A simple cutting die used for punching and blanking operations is shown in figure 2.4.17. The main components of a press tool are described here.



Figure 2.4.17: A simple cutting die Bed: It is the lower part of a press frame that serves as a table to which a bolster plate is mounted. Bolster plate: This is a thick plate secured to the press bed, which is used for locating and supporting the die assembly. It is usually 50 to 125 mm thick. Die set: it is unit assembly which incorporates lower shoe and upper shoe, two or more guideposts and guide posts bushings. Die: The die may be defined as the female part of a complete tool for producing work in a press. It is also referred to a complete tool consisting of a pair of mating members for producing work in a press. Die block: It is a block or a plate which contains a die cavity. Lower shoe: The lower shoe of a die set is generally mounted on the bolster plate of a press. The die block is mounted on the lower shoe. Also the guide posts are placed on it. Punch: This is the male component of the die assembly, which is directly or indirectly moved by and fastened to the press ram or slide. Upper shoe: This is the upper part of the die set which contains guide post bushings. Punch plate: The punch plate or punch retainer fits closely over the body of the punch and holds it in proper relative position. Back up plate or pressure plate: It is so placed that the intensity of pressure does not become excessive on punch holder. The plate distributes the pressure over a wide area and the intensity of pressure on the punch holder is reduced to avoid crushing. Stripper: It is a plate which is used to strip the metal sheet from a cutting or non- cutting punch or die. It may also guide the sheet. Knockout: It is a mechanism, usually connected to and operated by the press ram, for freeing a workpiece from a die. Pitman: It is a connecting rod which is used to transmit motion from the main drive shaft to the press slide. Stroke: The stroke of a press is the distance of ram movement from its up position to its down position. It is equal to twice the crankshaft throw or the eccentricity of the eccentric drive. It is constant for the crankshaft and eccentric drives but is variable on the hydraulic press. Shut height: It is the distance from top of the bed to the bottom of the slide with its stroke down and adjustment up.
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Module-II of PDPT Types of Dies The dies may be classified according to the type of operation and method of operation. According to the type of operation the dies are classified as cutting dies and forming dies. Cutting dies: These dies are used to cut the metal. The common cutting dies are blanking dies, piercing dies, perforating dies etc. Forming dies: These dies change the appearance of the blank without removing any stock. These dies include bending dies, drawing dies, squeezing dies etc. On the basis of method of operations, the dies may be classified as simple dies, compound dies, progressive dies, combination dies, transfer dies, multiple dies. Simple dies or single action dies: These dies perform single operation for each stroke of the press slide. The operation may be any of the operations under cutting or forming dies. Compound Dies: In these dies two or more operations may be performed at one station. Such dies are considered as cutting tools since only cutting operations are carried out. Figure 2.4.19 shows a simple compound die in which a washer is made by one stroke of the press. The washer is produced by simultaneous blanking and piercing operations. Compound dies are more accurate and economical in mass production as compared to single operation dies. Figure 2.4.18: Simple die



Figure 2.4.19: Compound die Combination dies: In this die more than one operation may be performed at one station. It differs from compound die in that in this die, a cutting operation is combined with a bending or drawing operation. Figure 2.4.20 explains the working of a combination blank and draw die. The die ring which is mounted on the die shoe is counter bored at the bottom to allow the flange of a pad to travel up and down. This pad is held flush with the face of the die by a spring. A drawing punch or required shape is fastened to the die shoe. The blanking punch is secured to the punch holder. A spring stripper strips the skeleton from the blanking punch. A knockout extending through the centre opening and through the punch stem ejects the part on the upward stroke as it comes in contact with the knockout bar on the press. In operation, the blank holding ring descends as the part is blanked, then the drawing punch contacts and forces the blank into the drawing die which is made in the blanking punch.
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Figure 2.4.20: Combination die Progressive or follow on dies: This dies have a series of stations. At each station, an operation is performed on a workpiece during a stroke of the press. Between the strokes, the piece in the metal sheet is transferred to the next station. A finished workpiece is made at each stroke of the press. While a piercing punch cuts a hole in the sheet, the blanking punch blanks out a portion of the metal in which a hole had been pierced at a previous station. Thus after the first stroke when only a hole will be punched, each stroke of the press produces a finished



Figure 2.4.21: Progressive die washer. Transfer dies: Unlike the progressive dies where the sheet is fed progressively from one station to another, in transfer dies the already cut blanks are fed mechanically from station to station. Multiple dies: Multiple or gang dies produce two or more workpieces at each stroke of the press. A gang or number of simple dies and punches are grouped together to produce two or more parts at each stroke of the press.



Strip Layout This gives the position of the workpieces in the strip and their orientation with respect to one another. The factors which will influence the strip layout are: economy of material, direction of material grain or fibre, strip stock, direction of burr, press used, production required, die cost etc. Material economy is of paramount importance in press work. Blanking being the first operation, raw material economy can be affected by using the most economical strip layout which can give the highest material utilization. Experienced press tool designers generally draw at least three strip layouts and compute and compare their material utilizations before commencing the design of the blanked tool.
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Module-II of PDPT Figure 2.4.22 shows some commonly used strip layouts for various shapes of blanks. Rectangular blanks are normally blanked in a straight layout. Whereas L shaped blanks can be produced economically on an angular layout. Small circular blanks are usually arranged in staggered rows, the number of rows depending upon the blank size and press capacity. Blanks shaped like letters T, U and W can be produced economically by inverted layout. In inverted layout, two blanks can be sheared simultaneously or the strip can be turned down and fed again in a single blanking die. Figure 2.4.23 shows three layouts for the component given and states the material utilizations for the layouts. When blanks are sheared from a flat sheet, the length may not be an integer multiple of the blanking pitch. This leads to end waste due to half/ partial cuts at the tail end of the strip. This end waste must be taken into account while computing material utilization. If a big roll of coiled strip is used the material utilization can be calculated by dividing the area of 100 blanks with the area of the material required for producing those blanks.



Figure 2.4.22: Strip layouts



Material utilization =



The strip layout with maximum material saving may not be the best strip layout, as the die construction may become more complex which would offset the savings due to material economy unless a large number of parts are to be produced. Another important consideration in strip layout is the distance between the nearest points of the blanks and between the blanks and the edges of the strip. To prevent the scrap from twisting and wedging between the punch and the die, this distance must increase with metal thickness. A general rule of thumb is to keep this distance called web at least 1.5 times the material thickness. Other factors such as strip thickness, hardness, type of operation, shape of blanks etc. may allow web to be thinner.



Area of blanks from strip Area of the strip before blanking



Figure 2.4.23: strip layout and material utilization
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Figure 2.4.24: Nomenclature of strip layout The distance between the blank and the edge of strip, known as back scrap may be determined by equation, a = t + 0.015 h The distance between successive blanks and also the scrap bridge, b, is given in table-IV. Material thickness, mm b, mm 0.8 0.8 0.8 to 3.2 t Over 3.2 3.2 Table-IV: Scrap bridge values In general softer and thinner materials require larger spacing. The feed or advance or length of one piece of sheet needed to produce one blank is s = w + b The number of blanks which can be produced from one length of sheet can be found out as N=



L-b s



and scrap remaining at the end of one length of strip may calculated as



y = L – (Ns + b) The percentage utilization should not less than 70 % for economical working. However, for complicated shapes of blanks, it can be less than 70 %. Direction of material grain is to be considered if the cut blanks have to undergo any subsequent operation like bending or deep drawing. When the sheet metal strip is rolled in the mill grains are elongated in the direction of strip length. During subsequent bending operation on the blank, to obtain maximum strength from the bent parts, the bends should be made across the strip or at an angle of 90 0 to the fibre. Therefore some part prints specify that the fibre is to run in the direction of an arrow shown on the print. In such cases, the blanks cannot be tipped or rotated to just any position desired. Another important consideration in the strip layout is whether the stock used will be in the form of a strip or coiled stock. Strip may be passed through the die more than once, the coiled stock mis usually passed through the die only once. The coiled stock is used when: production is high, thinner metal sheets are used and the stock needs to be passed through the die once. Strip stock is used when: production is low, thicker sheet metal is used and the stock needs to be passed through the die more than once. When sheet metal is cut in a die, a burr is produced on the die side of the scrap strip and on the punch side of the blank. If burr has to be on the hidden side, then the expensive operation of removing the burr need not be done. For this, a note is often placed on the part drawing which reads burr down. During production planning the strip layout has to be such that it allows the die to be designed within the press capacity. Shear may have to be provided on the punch or die to limit the maximum cutting force within the press capacity. Another factor is the bed area of the press to the blank area of the strip. The third factor is to have the cutting forces of the die evenly balanced around the centreline of the press ram. The following guidelines may be followed when production is the main consideration: 1. Low production and thin material • Strip stock and a single pass layout. • Cutting of one or more blanks at a time. 2. Low production and thick material • Strip stock and a single or double pass layout. • Cutting one blank at a time.
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4.



High production and thin material • Coiled stock and a single pass layout. • Cutting of one or more blanks at a time. High production and thick material • Strip stock and a single or double pass layout. • Cutting of one or more blanks at a time.



Die cost will be higher for higher production and cutting more than once at a time particularly when cutting extremely complicated blank shapes or when cutting extremely accurate blank sizes. For simple round or square-edged blanks multiple cutting at one time is often practical. The double pass dies are les expensive than cutting two at a time. So, the designer has to decide while making the stock layout as to which is preferred: more operator time per blank or more machine time per blank.



Reference: 1. Handbook of Die Design by Ivana Suchy, McGraw-Hill Publication, page 01 -45. 2. Press Tool Design and Construction by P.H.Joshi, S.Chand Publication, page 01 -15. 3. A Text Book of Production Engineering by P.C.Sharma, S.Chand Publication, page 48 -70 . 4. Manufacturing Technology by P.N.Rao, Tata-McGraw-Hill, page 299-306. 5. Manufacturing Engineering and Technology by Kalpakjian and Schmid, Pearson Education, page 392-404. 6. Processes and Materials of Manufacture by Roy A.Lindberg, PHI, page 542-547.



Solved Numerical Problems 1. 30 mm diameter hole is to be pierced from sheet of 4 mm thickness. The shear strength of the sheet is 250 MPa. Calculate i) the load in tonne required to pierce the hole. ii) the shear on punch if the maximum load is to be limited to 80 % of the total load. iii) the diameters of die and punch if a clearance of 10 % of stock thickness is to be maintained between them. Solution: i) Perimeter of a hole = π d = 3.141 x 30 = 94.23 mm Shear force required = Shear area x Shear strength of sheet metal = Perimeter x thickness x Shear strength of sheet metal = 94.23 x 4 x 250 = 94230 N or 94.23 KN = 94230 / 9810 = 9.60 tonne (Ans.) ii) Shear on punch, I = [( F max – F ) Kt] / F Since percentage of penetration (K) value is not given, therefore assuming K to be 1, we have I = [ (94230 – 0.8 x 94230) x 4 ] / 75384 = 1 mm (Ans.) iii) Clearance is 10 % of sheet thickness, c = 0.1 x 4 = 0.4 mm per side For punching operation diameter of punch is same as that of the hole required and diameter of die opening is bigger by two times the clearance value. Diameter of punch = 30 mm Diameter of die opening = 30 + 2c= 30 + (2 x 0.4) = 30.8 mm (Ans.) 2. A blank of 120 mm diameter is to be cut from a steel plate of 6 mm thick. The material is cold rolled C40 steel for which the maximum shear strength can be taken as 550 MPa. With normal clearance on the tools, cutting is complete at 45 % penetration of the punch. Give suitable diameters for punch and die, and shear angle on the die in order to bring the work within the capacity of a 250 KN press available in the shop. Solution: Clearance per side , c = 0.0032 x 6 x Die diameter = 120 mm



550



= 0.45 mm



Lecture Notes of Chinmay Das



32



Module-II of PDPT Punch diameter = 120 – 2c = 120 – (2x 0.45) = 119.1mm Without any shear the maximum blanking load is given by = 550 x π x 120 x 6 = 1243836 N or 1243.836 KN Let I be the shear on die due to which blanking load will reduce to 250 KN. I = [( F max – F ) Kt] / F = [ ( 1243.836 – 250) x 0.45 x 6 ] / 250 = 2683.35 / 250 = 10.73 mm Assuming a balanced shear on the die, we get the shear angle as = tan-1 (10.73/ 60) = 10.1390 (Ans.) 3. Rectangular blanks of 100 mm x 25 mm are to be cut from a sheet having thickness 3.2 mm. Calculate i) the value of back scrap , ii) the value of scrap bridge, iii) the width of strip, iv) the length of one piece of stock needed to produce one part v) the number of parts which can be produced from a 2.4 m long strip, and vi) the scrap remaining at the end of the strip. Solution: i) Back scrap and front scrap are given as a = t + 0.015 h = 3.2 + (0.015 x 100)= 4.7 mm ii) The scrap bridge and the distance between successive blanks can be obtained from Table-IV b = t = 3.2 mm iii) Width of strip , W = h + 2a = 100 + ( 2 x 4.7) = 109.4 mm ≈ 110 mm iv) The length of one piece of stock needed to produce one blank is s = w + b = 25 + 3.2 = 28.2 mm v) Number of parts that can be produced, N = ( L-b) / s = ( 2400 – 3.2) / 28.2 = 84.99 ≈ 84 vi) Scrap remaining at the end , y = L – ( Ns + b) = 2400 –[ ( 84 x 28.2) + 3.2] = 28 mm ( Ans.)



Review Questions 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 18. 19. 20. 21. 22. 23. 24. 25.



Name and explain various sheet metal operations. Why is it necessary to provide proper clearance between the punch and die in a shearing operation? Give reasons. For proper cutting operation in blanking or piercing, on what factors does the clearance depend? Why is a shear angle provided in a shearing operation? How do you provide shear angle in case of punching and blanking operation? Explain with sketches. Generally the die opening is straight up to a certain length, and tapered there after. Explain the reason for such a shape. Sketch a pierced slug and label the zones. Explain why clearance is provided to punch in case of blanking and that to die in case of punching. Write the material properties that affect sheet metal operations. Why hole shrinks and blank expands in sheet metal cutting operations? Differentiate among plate, sheet and strip. Explain different types of cutting dies with sketches. Why sheet metal working is always done at room temperature? Describe the various components of a simple cutting die. Why strip layout is important in sheet metal operations? Is there any horizontal component of cutting force in sheet metal cutting operation? What do you mean by burr in sheet metal operation? How it can be minimized or eliminated? How sheet metal forming does differ from rolling, forging etc? Why ductile metal requires less clearance between punch and die? Why is it undesirable to use a metal that shows a yield point elongation in a tensile test for metal forming? How strain hardening coefficient and anisotropy coefficient influence formability of metal? Why are aluminium –killed steels better for metal forming than those that are not? Why temper pass rolling used on sheet stock that is to be used in metal forming? The friction between the punch and the workpiece increases or decreases the cutting force. What is the largest diameter that can be pierced in a 1.5 mm thick steel plate of 310 MPa shear strength on a 250 KN press? Design the punch and the die dimensions for this operation. Two holes of 50 mm diameter are to be punched simultaneously in a C30 steel (Shear strength 470 MPa). The available punch press capacity is 200 KN. Examine the possibility whether the operation could be done on this press. If not, then suggest alternative procedure with justification.
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