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Compression Molding is one of three processes used to mold rubber parts. Compression molding is the oldest and simplest way to make rubber products. In some specific applications, compression molding is still the best way. To put it simply, compression molding involves squishing a chunk of uncured rubber into a pocket in the mold. After time, heat and pressure the rubber cures in the shape of the pocket. The mold can then be opened and the part removed.



A method of molding in which the molding material, generally preheated, is first placed in an open, heated mold cavity. The mold is closed with a top force or plug member, pressure is applied to force the material into contact with all mold areas, and heat and pressure are maintained until the molding material has cured. The process employs thermosetting resins in a partially cured stage, either in the form of granules, putty-like masses, or preforms. Compression molding is a high-volume, high-pressure method suitable for molding complex, high-strength fiberglass reinforcements. Advanced composite thermoplastics can also be compression molded with unidirectional tapes, woven fabrics, randomly orientated fiber mat or chopped strand. The advantage of compression molding is its ability to mold large, fairly intricate parts. Compression molding produces fewer knit lines and less fiberlength degradation than injection molding.



Step #1 - A piece of uncured rubber is placed in the mold.



Step #2 - The mold is closed up and held under hydraulic pressure while the rubber cures.



Step #3 - When the mold opens the part can be removed. The excess rubber, called flash, needs to be trimmed off the part.



Types of materials used. The materials are widely known as Dough or Bulk Moulding Compounds (DMC or BMC). In sheet form they are known as Sheet Moulding Compound (SMC).



Raw Materials Used Both DMC and SMC use similar raw materials.



Ingredient



Description



Synthetic Resin



Liquid Thermosetting Plastic



Organic Peroxide



Catalyst



Pigment



Colour



Stearate



Internal Mould Release Agent



Inorganic Fillers



Calcium carbonates to increase stiffness, reduce cost Aluminium hydroxides to impart fire retardancy



Glass Fibre



To provide mechanical strength



Types of Materials Used Base Resins DMC (BMC) and SMC materials are available in various grades and types. Three base resin systems are in common use. Orthophthalic Generally used for lower cost and lower performance applications. Isophthalic Has good heat, chemical and toughness properties Maleic Used to provide superior surface finishes.



How The Materials Are Made DMC & BMC? Manufacture of DMC/BMC compounds is a batch process. The ingredients, chopped glass fibres, resin, mineral fillers, catalysts and a mould release agent are loaded into a special mixer. Output from the mixer is in a flock form which is subsequently extruded in a rope type extrusion.



SMC Manufacture of SMC is a continuous in-line process. The material is sheathed both top and bottom with a plastic film. A Paste is prepared comprising resin, styrene, heat activating catalysts, inert fillers, release agents and thickeners. The paste is spread uniformly onto the bottom film. Chopped glass fibres are randomly deposited onto the paste. The top film is introduced and the sandwich is rolled into a pre-determined thickness. The sheet is allowed to mature for 48 hours.



How The Materials Are Moulded DMC Two basic moulding processes are used to mould DMC, Compression Moulding and Injection Moulding. Smaller components are usually made by the injection moulding process. Larger components being compression (or transfer) moulded. In Injection moulding the material is loaded into the barrel of the machine. A stuffer plunger forces the material into the screw area of the machine. The screw and barrel are heated to pre-warm the material. The material flows into the mould via runners. The moulds are heated which cures the resin content and hardens the now moulded part. When Compression moulded, the operator pre-weighs a charge of material and places it into the open mould. The heated mould and pressure flows the material into the cavity. The heat cures the resin, which hardens the moulded part. A derivative of compression moulding is Transfer moulding. The charge of material is placed in a chamber within the tool. The mould is closed and a ram acts on the chamber forcing the material to flow via runners to the cavity of the tool. SMC The main process for moulding SMC material is Compression moulding. The film is stripped off and the material is cut into suitable pieces. These are collated into piles of material, which are called the charge. This is positioning in the mould tool. Heated moulds are used and a compression pressure is applied. The base resin being a thermosetting material cures and hardens. The part is ejected. Any flash is trimmed by the operator. Moulding Tools The abrasive nature of the fillers and glass makes the use of hard metal moulds a necessity. Moulds are heated by oil heaters or electric. Background heat is provided by heated machine platens. Moulding Machines As the use of DMC & SMC materials increased, special designs of machines become available with dedicated features. Microprocessor control ensures optimum processing conditions.



Applications DMC & SMC components are hard, rigid mouldings with excellent electrical resistance properties. They have replaced glass and ceramics for insulating applications. The manufacture of large flat panel type mouldings, with excellent strength, are used for commercial vehicle body parts.



Automotive Panels



Oven and microwave parts



Stadium Seating



Business Machine Parts



Railway Rail Insulators



Street Lighting Canopies



Electrical Junction Boxes



Sandwich Toasting m/c Cases



Water Tank Panels



Exercise Machine Covers



Electric Meters Boxes



White Goods



Microwave Cookware



Gas Meters Boxes



Office Equipment Parts



Electric Switchgear



Electrical Insulator parts



Compression molding of thermosetting materials has certain advantages over transfer or injection molding, as follows: Waste of material in the form of sprue,runners, and transfer-culls is avoided, andthere is no problem of gate erosion. Internal stress in the molded article is minimized by the shorter and multidirectional flow of the material under pressure in the mold cavity. In the case of high impact types with reinforcing fibers,maximum impact strength is gained. This results because reinforcing fibers are notbroken up as they are when forced through runners and gates in transfer and injection molding, and because fibers are more randomly positioned, as compared to the more oriented fibers resulting from flow into transfer or injection molds. A maximum number of cavities can be used in a given mold base without regard to demands of a sprue and runner system. Compression molding is readily adaptable to automatic loading of material and automatic removal of molded articles. Automatic molding is widely used for small items suck as wiring device parts and closures. This technique is useful for thin wall parts that must not warp and must retain dimensions. Parts with wall thicknesses as thin as 0.025 inch are molded; however, a minimum wall thickness of 0.060 inch usually is recommended because thermosetting materials are brittle as compared to more resilient thermoplastics. For parts weighing more than 3 pounds, compression molding is recommended because transfer or screw injection equipment would be more expensive for larger parts. For high-impact, fluffy materials, compression molding normally is recommended because of the difficulty in feeding the molding compound from a hopper to the press or preformer. In general, compression molds usually are less expensive to build than transfer or injection types.



Limitations of Compression Molding In the case of very intricately designed articles containing undercuts, side draws, and small holes, the compression method may not be practicable, because of the need for complicated molds and the possibility of distorting or breaking mold pins during the flow of the material under high pressure. Articles of 0.35 inch or more thickness may be more advantageously made by transfer molding, particularly a thick article of small area, in which there is little flow. Thus, for a heavy handle, compression molding would be slower than transfer or injection because in transfer the plastic is thoroughly heated and is precompressed almost to its final density prior to entering the mold. Frequently, insufficient consideration is given to the physical condition of thermosetting plastics at various stages of molding. The complete filling of a compression mold cavity is spoken of as resulting from the flow of the plastic, but because of its extremely high viscosity, the plastic must be mechanically forced to fill all parts of the cavity. To ensure complete filling, most articles to be molded require that two parts of the mold fit telescopically into each other to prevent escape of plastic prior to the final closing of the mold. Such molds are designated as fully positive Also, in order to ensure complete filling out of the mold, it may be necessary to place the charge of plastic into an optimum position in the mold, and in some cases to use preforms of special shape. This is particularly important if the mold does not provide a means of confining the charge. Polyester and alkyd compounds are particularly troublesome, and require positive means of confinement in order to fill the cavity completely. All thermosets, during their period of flow in a mold, have an apparent surface viscosity that is so low that clearances between mold parts, even when held to less than one thousandth of an inch, become filled with plastic. This often results in damage to the mold if adequate escape is not provided for this leakage. Overflow vents thus are provided for a restricted escape, making the mold a semipositive type. It also is necessary that mating surfaces,



surfaces, or land areas, for the molds be cleaned between successive shots. Also slight fins or flash must be expected on molded articles where the mold sections meet. Another important consideration is the plastics’ degree of rigidity at that point of final cure when ejection is to take place. Melamines are very hard and rigid, phenolics more flexible and unreinforced polyesters quite weak. Thus, a compression mold for phenolic may work with undrafted or even moderately undercut cores. With melamines, the same mold would require enormous pressure to open, and would probably crack the molded articles at the undercut. Polyester articles require very careful adherence to all rules for draft; they also require generous ejector pin areas to avoid fracture where the ejector pins push against the molded part. In some cases, compression molding of thermosetting material may be unsatisfactory for production of articles having extremely close dimensional tolerances, especially in multiplecavity molds and particularly in relation to nonuniformity of thickness at the parting line of the molded article. In such cases, transfer or injection molding is recommended.



Procedure for Compression Molding The sequence of operations constituting the molding cycle is as follows: 1. Open the mold. 2. Eject the molded article(s). 3. Place article in shrink or cooling fixtures when necessary to maintain close dimensional tolerances (if necessary). 4. Remove all foreign matter and flash from the mold, usually by air blast. 5. Place inserts or other loose mold parts, if any. 6. Load molding compound (powder or preforms,cold or preheated). 7. Close the heated mold (breathe if necessary) 8a. For thermosetting materials, hold under heat and pressure until cure is completed. Certain materials require cooling under pressure for best control of dimensions. 8b. For thermoplastic materials, hold under pressure, while cooling to harden the article.



There are five very important variables in the compression molding of thermosetting materials, which determine the pressure required to produce the best molding in the shortest length of time. They are as follows: 1. Design of the article to be produced: (a) Projected area and depth. (b) Wall thickness. (c) Obstruction to vertical flow (such as pins, louvers, and sharp comers). (a) Use of slow- or fast-acting self-contained press. (b) Use of fast-acting press served by hydraulic line accumulator system. (c) Capacity of accumulator to maintain constant follow-up of pressure on material. 3. Plasticity of material: 2. Speed of press in closing: (a) Degree and type of preheating. (b) Density of charge (preform or pow-der) (c) Position of charge in cavity. (d) Mobility of resin under pressure. (e) Type and concentration (usually expressed as percentage by weight) of filler (wood flour, cotton flock, macerated fabric, asbestos, glass or mica). 4. Overall temperature of mold: (a) Temperature variations within cavity force of mould.



5. Surface condition of mold cavity and force: (a) Highly polished chrome-plated sur(b) Polished steel. (c) Poor polish (chromium plating worn; face. pits, gouges, and nicks).



What is MOULD? Mould is a hollow form or cavity into which molten plastic material is introduced to give the shape of the required component. The term generally refers to the whole assembly of elements that make up the section of the moulding equipment in which the parts are formed. Also called tool or die.



Compression Moulds



May be designed for hand moulds or semiautomatic/automatic operations. Earlier hand moulds were quite popular, but now these are used for prototype parts or parts with limited production. Compression moulds may be hand loaded with loose powder, bulk moulding compound or preforms. Preforms are generally heated to 200-2600C in high frequency preheaters.



Conventional single ram hydraulic or toggle presses may range from 15 to 300 ton capacity. Automatic molding presses for compression moulding are so designed that various methods of loading the cavities may be used. Material may be loaded with cold granular, high frequency preheated or IR preheated granular preheated preforms or a charge that is preheated by a heated barrel and reciprocating screw.



A compression mold consists of heated platens onto which the cavity are mounted and also force block or blocks. A knockout system, either top, bottom or both is incorporated to remove the parts from the mould. In a compression mould the material is loaded into an open mould and the excess material required to fill the part is forced out over the flash line. The least expensive compression mould is a flash mould.



Types of Compression Moulds



A flash mould is defined as a mold type wherein the parting line is at right angles to the direction of the force that has been applied to close the mold and keep it closed during the curing or set time. A flash mold for compression moulding is designed in a manner that permits excess materials to escape easily as the pressure is applied. The depth of the mould cavity is near the depth of the finished molded part. The mold cavity is loaded with an excess amount of material that will be squezeed out, passing over the land area. The land is narrow, about 1/8 inch in width.



Greatest disadvantage of the flash mould is that there is minimum restriction to the flow of material and very little back pressure is built up in the moulded part. The excess material is allowed to flow out horizontally with little restriction until the mould is essentially metal to metal. The parts may lack uniform density; so they may be inferior with regard to their strength and molded finish. It is most difficult to maintain dimensional tolerances when density variations exist. Although the mold cost may be less than for other types of compression molds, the fact that there is no loading space except for the cavity of the part itself usually makes the material charge excessive. The percentage of flash loss may be extremely high, thus costly on a piece part basis. It is extremely difficult to maintain the centerline relationship between the force and the cavity, and if guide pins wear, the force and the cavity become mismatched. Very few semiautomatic or automatic molds, therefore, are flash molds.



The second type of compression mold, the semipositive horizontal flash. The majority of the semiautomatic and automatic compression molds are of this design. Ample loading space may be provided so that the percentage of flash loss may be held to a minimum. If the clearance between the force and cavity is held to 0.003 to 0.004 inch, all the material is trapped in the cavity so that the part is of maximum density. Because there may be slight differences in the volume contained within the force and the cavity in a multicavity mold, it is well to provide flash escapements in the form of flats or grooves 0.015 to 0.020 inch in depth.
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The third type of compression mold, the semipositive vertical flash. It is quite similar to the semipositive horizontal flash except that the force enters directly into the geometric design of the part itself for a distance of to ; inch. The clearance between the force and cavity at this point should be 0.005 to 0.007 inch to prevent scoring of the cavity side wall. If this is not the case, and scoring takes place, the molded article will have a scratched appearance. Again, flash escapements should be provided on the force. A part molded in such a mold will be of good density. The flash is vertical, which may be preferable, and can be removed easily.



The molded article, because it has good density, should have a good finish and maximum physical strength. This type of mold is quite expensive because there are two areas between the force and the cavity that must fit perfectly. There is absolutely no chance for mismatch between the force and the cavity, so concentricity of the article from cavity to force is as close as possible. Again, good dimensional tolerances are achieved over the face of the part.
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The fourth type of compression mold, fully positive This type of mold generally is used if the materials are of high bulk, or if the filler fibers are quite long, as in glass roving. It is difficult to pinch off such fibers to a thin flash. The fully positive molds give a vertical flash that may be easier to remove than that of other designs. It is difficult to produce parts of equal density if a multicavity mold is used. The clearance between force and cavity must be excessive, or generous flash escapements should be provided. It may be desirable also to provide a slight taper on the force to help in flash escapement. Pressure pads, away from the loading area, must be provided to ensure proper control of the thickness of the part by making the mold close to the same stopping point each time. Material or flash must be kept free from the surface of such pads.
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If parts are extremely small so that it becomes difficult to charge each individual cavity, a subcavity mold can be used, as illustrated in following fig. The mold shown is a positive mold; however, a semipositive design may be used. Only one charge is needed in a subcavity because all cavities in the subcavity are filled by the single charge.
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In the design of the mold, variations of the basic design may be made to provide an improved tool design. The ejection of the part in an automatic or semiautomatic molding operation must be considered in the final mold design. The mold design must ensure that the part is removed from the cavity and the force in the same way each cycle. The part design may make it almost impossible to provide knockout pins. In this case a stripper plate knockout system must be used. Following figure illustrates such a mold design.
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In the part illustrated, we shall assume that no undercut or special taper can be allowed, to ensure that the molded part will stay either on the force or in the cavity when the mold is opened. In this case, both top and bottom ejection are provided, the top being the stripper plate and the bottom a normal knockout system. In using the stripper plate design, care must be taken to provide for positive automatic flash removal with each cycle of the press. Stripper plate molds are used to mold parts such as pin connector boards containing a large number of holes. One should observe certain details of the mold design here illustrated:



A. Clearance under the dowels or leader pins to keep flash from building up in this area, preventing full entry of pins. B. The use of a hardened dowel or leaderpin bushing in a soft plate. C. Slight positive entry action of the force into the cavity, to ensure alignment of the mold and full density of the molded articles. D. Flash grooves in the force. E. Clearance between underside of stripper plate and top of cavity to allow escape of material from flash grooves. F. Clearance holes under inserts to allow any flash to fall completely through the mold. G. Pressure pads or blocks to control the thickness. H. Retainer plate for top ejection pins. I. Clearance space above stripper plate so that flash working up between the top force and the stripper plate will not be confined and can easily be blown out. J. Inside diameter of stripper plate made slightly greater than outside diameter of the force that shapes the inside of the molded article, in order to avoid scoring of the force, which would mar the inside surface of the molded article. K. Placement of lower supporting parallels to avoid blocking off the clearance holes under the dowel bushings. L. Counterbore in underside of ejection pin holes to reduce friction and to allow flash escape. M. Screws for holding mold parts together put in from undersides of plates, remote from the surfaces where molding material might get into the counterbored recesses for screw heads and cause trouble in cleaning and in screw removal for mold maintenance.



Pressure pads, are desirable on all compression molds. This is a safety measure that assures that the land area of the mold will not be damaged in mounting the mold in the press. The landing pads (or pressure pads) should be designed to be in contact when there is approximately 0.002 inch clearance between the force and cavity at the land area or other surfaces such as pins, blades, and so on.



Mould Conditions Mould Temperature Thermoset materials can be moulded in a temperature range of 300 – 400 0F (150 – 205 0C) steam was the most popular heat medium but it is difficult to develop high for high temperature requirements. Hot oil may be used but the tendency is towards electrical heating.



Mould Pressure The pressure required to cause the flow of the material within the confines of the mould cavities and forces and to obtain a minimum thickness of flash is much the same for all the thermosets. Exceptions are low pressure phenolics, polyesters etc A material of recommended plasticity at room temperature and no preheat requires 2000-3000 psi on the projected land area for parts of 1“depth. Each additional inch of depth may require 600-700 psi additional pressure. Complex part design may require higher pressure. Preheating the material in the range of 200-3000F may result in a 50% reduction in pressure required for flow.
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