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PREFACE Practical knowledge have become important in the industrial environment to produce products for the service of mankind. The knowledge of manufacturing practices is highly essential for all engineers and technocrats for familiarizing themselves with modern concepts of manufacturing technologies. The basic need is to provide practical knowledge of manufacturing processes to all the internee students. Therefore, an attempt has been made through this internship to present the practical knowledge. Considering the general needs of internee students and the fact that they hardly get any exposure to hand tools, equipments, machines and manufacturing setups, this internship will be very useful to them in their future.
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INTRODUCTION Heavy Mechanical Complex (ISO 9001 CERTIFIED) Heavy Mechanical Complex (Private) Limited is leading engineering goods manufacturing enterprise in Pakistan located at Taxila about 30 Kilometers north of capital Islamabad. It is a professionally managed progressive organization with over 160,000 sq. meters covered facilities and 1,100 employees. HMC have the resources to handle large projects with demanding delivery schedules. Being the largest and most extensive fabrication and machining facility equipped with state of the art technology. HMC provide manufacturing services both on its own or customers design. HMC have gained rich experience in designing and manufacturing of large projects through collaboration with internationally reputed engineering organizations. All its processing facilities are in-house including Designing, Fabrication, Machining, Iron and Steel Castings, Forgings, Heat Treatment, Assembly, Sand Blasting, Painting and Galvanizing etc. HMC is ISO 9001 certified and is authorized to use 4 ASME stamps U, U2, S & PP for equipment manufactured according to ASME code. The manufacturing is backed by excellent quality control and testing facilities to meet the product and customer quality requirements. 3rd party inspection facilities are also available, where required. Heavy Mechanical Complex Ltd. (HMC), Taxila is a major heavy engineering subsidiary of the State Engineering Corporation (SEC) under the Ministry of Industries & Production, Government of Pakistan. HMC defines itself as “A technical institute in which all types of machines including Sugar plants, Cement Plants, Road rollers, Over Head Cranes ranging from 0.5 to 50 tons Heat Exchanger boilers, Special Defense parts (i.e., NDC works), Special Vibratory Rollers (which can bear statistically 10 to 12 tons vibratory load) and Pakistan steel works. Some other processes that are also done by HMC are Designing and manufacturing and assembling and installation with the certification of ISO – 9001. The Heavy Mechanical Complex (HMC), the biggest undertaking of its type in Pakistan, was established in 1979 with Chinese assistance. The Heavy Forge Factory (HFF) at this complex has proved crucial for Pakistan's defense production needs. HMC has the capability for designing, engineering and manufacturing of industrial plants and machinery. HMC has the largest fabrication and machining facilities in the country equipped



with Computer Aided Designing (CAD) and can undertake a variety of fabrication / machining jobs on sub-contracting basis. HMC manufactures equipment for hydro-electric power plants, thermal power plants, sulphuric acid plants, industrial alcohol plants, oil & gas processing plants, and chemical & petro-chemical plants, etc. Boilers, cranes, construction machinery, material handling equipment, steel structure, railway equipment, etc. are some of the other products which are produced on regular basis. The company's capabilities include engineering and manufacturing of Sugar Mills ranging between 1,500 - 12,000 TCD (tons of cane crushing capacity per day), Portland Cement Plants of 700- 5,500 TPD (tons per day) module and White Cement Plant of 50 - 1,000 TPD. Working Staff HMC is a professionally managed progressive organization with 1,100 employees. HMC has a total covered area of 160,000 square feet. Factories at Heavy Mechanical Complex  Heavy mechanical complex I (HMC I)  Heavy forge and foundry works (HMC II)  Heavy mechanical complex III (HMC III) Of these the last one is directly under the ministry of defense while the former two are governed by ministry of production. Quality Policy of HMC HMC states its quality policy as follows: “Quality performance is committed to excellence by each company employee. It is achieved by team work and through a process of continuous improvement.” “We are dedicated to being seen as an organization which provides quality products and services which meet or exceed the expectations of our customers.” Production Capacity The initial production capacity of HMC was 10,000 tons per annum but now it is 17,000 tons per annum. This production capacity can be increased time to time with the extension of man power and other sources subjecting to sub contractors. HMC Products Range Thermal Power Plants: Equipment for utility boilers, membrane wall, turbine/generator parts. Hydro Power Plants: Gates, penstocks, wicket gates, head covers, turbine/generator parts. Cranes: Electric overhead travelling crane, portal & mobile cranes. Road Construction Machinery, Static & vibratory road rollers, asphalt mixing plant.



Steel Structures: For thermal power plants, process plants etc. Railways Equipment: Railway axles, screw coupling & screw jack. Castings: Iron & steel castings as per specifications. Forgings: Shafts, rings and others as per specifications. Automotive Forging: For tractors and other automobile.



PATTERN SHOP The purpose of pattern shop is to make wooden or metallic components for casting process. About Pattern (Theory) “PATTERN MAKING IS THE ART OF MAKING AN ORIGINAL PATTERN OR FORM WHICH WILL BE USED TO MAKE A MOLD IN WHICH MOLTEN MATERIAL WILL BE POURED DURING CASTING PROCESS.” Pattern used in sand casting may be made of wood, metallic, plastic or other materials. Woods chosen for this purpose should be easy enough to work and shape, straight, and evenly grained, sufficiently dry and most importantly, dimensionally stable. Types of Pattern  One piece or solid pattern  Two piece or split pattern  Three piece pattern  Loose piece pattern  Self core pattern  Sweep pattern  Skeleton pattern  Match plate pattern  Connecting pattern  Master pattern Material Used In HMC for Pattern Making  Deodar Wood  Brass (used for metallic pattern)  Aluminum (used for metallic pattern) Pattern material is depending upon their usage. If usage is greater and continuously repeated then it is made of metallic and expensive wood such as sheeshum etc. Core Print A projection made in the pattern is called core print .It is used to form a core seat in the mold. The core is correctly seated in this seat. Types of Core Prints  Top print  Bottom print



   



Side print Tail print Hang print Balancing print



Core Box Core box are used to produce internal cavities in casting. PATTERN ALLOWNCES Shrinkage Allowance Solid shrinkage is the reduction in volume caused when metal loses temperature in solid state. A shrinkage allowance for metal casting is something that must be figured into a design from the very beginning. As the molten metal cools and solidifies it will begin to contract. This means that although the molten metal completely filled up a mold, by the time the casting was cold, the casting is smaller than the mold. What this mean is that a pattern must be made larger than the design drawing. The difference between the size or dimensions of the desired casting and the size of the pattern used to create the mold is called a shrinkage allowance. The shrinkage allowance for metal casting varies by the type of metal. It takes experience in metal casting to be able to accurately judge the proper shrinkage allowance to be built into a pattern. The shrinkage allowance for metal casting is linear meaning that these allowances apply in every direction. Shrinkage allowance for steel = 1.8% Shrinkage allowance for cast iron = 0.8% Machining Allowance Machining allowance is a small amount of material which is added to a pattern in areas where it will be machined. For inside structure the machining allowance is negative and for outside it is positive. Draft Allowance Draft allowance is a small amount of taper made in a pattern which will allow it more easily removed from the mold. Shake allowance: Before withdrawal from the sand mold, the pattern is rapped all around the vertical faces to enlarge the mold cavity slightly which facilitates its removal. Since it enlarges the final casting made, it is desirable that the original pattern dimensions should be reduced to account for this increase.



FORGE SHOP “Forging is a process in which a metal is heated and placed in a die and a compressive force is applied.” The metal takes the shape of the die. Cold forging is done at room temperature or near room temperature. Hot forging is done at a high temperature, which makes metal easier to shape and less likely to fracture. Warm forging is done at intermediate temperature between room temperature and hot forging temperature. Forged parts can range in weight from less than a kilogram to 170 metric tons. Forged parts usually require further processing to achieve a finished part. Depending upon temperature there are two types of forgings  Hot forging(above recrystallization temperature)  Cold forging(below recrystallization temperature) There are two basic kinds of forging process:  Impact forging (free forging)  Press forging In the former the load is applied by impact and deformation take place over a very short time. Press forging on the other hand involves the gradual build up of pressure to cause the metal to yield and the time of application is relatively long. Over 90% of forging processes are hot.



IMPACT FORGING Impact forging can be further sub divided into three types:  Smith forging  Drop forging  Upset forging In HMC there is working only on drop forging. Smith Forging This is the traditional forging operation done openly or in-openly dies by the village black smith or modern shop floor by manual hammering or by the power hammer. The process involves heating the stock in the black smith hearth and then beating it over the anvil. To get the desire shape the operator has to manipulate the component in between the blows.The types of operation available are fullering, flattering, bending, upsetting and swaging.



Drop Forging This is the modern equivalent of smith forging where the limited force of the blacksmith has been replaced by the mechanical or steam hammer. it is further divided into following types.Drop forging utilizes a closed impression die to obtain the desire shape of the component; the shaping is done by the repeated hammering given to the material in the die cavity. The equipment use for delivering for blows is called drop hammers. The drop forging die consists of two halves. The lower halve of the die is fixed to the anvil of the machine, while the upper halve is fixed to ram. The heated stock is kept in the lower die, while the ram delivers 4-5 blows on the metal spreads and completely fills in the die cavity. When the two die of halves closed the complete is formed. The typical products obtained in drop forging are cranks, crank shaft, connecting rods, wrench, crane hooks etc. The types of operations are fullering, edging, bending, blocking, finishing and trimming etc. Upset Forging This process was developed originally to gather, or upset metal to form heads on bolts. Today the purpose of this machine has been broadened to include a wide variety of forgings. It is essentially a double-acting press with horizontal motions rather than vertical. The forging machine has two actions. In the first, a movable die travels horizontally towards a similar stationary die. These two dies have semi-circular horizontal grooves, which grip the bars. A bar heated at the end is inserted between the movable and stationary die. While thus held, the end of the bar is upset or pressed into the die cavity by a heading tool mounted on a ram, which moves towards the front of the machine. If hexagon heads are desired, a heading tool will upset some of the metal into a hexagonshaped die cavity. For more complex forgings, as many as six different dies and heading tools may be used in turn in a similar manner to the different stations in die drop forging.



PRESS FORGING Similar to the drop forging, the press forging is also done in closed impression dies with the expectation that the force is continuous squeezing type applied by the hydraulic press. Press forging dies are similar to drop forging dies as also the process in press forging, the metal is shaped not by means of a series of blows as in drop forging , but by means of a single continuous squeezing action. This squeezing is obtained by means of hydraulic presses. Because of the continuous action of by hydraulic presses, the material gets uniformly deform throughout its entire depth,the press forging dies with the various impression, such as fuller, bender and finisher impression properly arranged. Open Forging Open forging is used extensively for the cogging process where the work piece is reduced in size



by repeated blows and the metal is manipulated manually on an anvil. Die Drop Forging Closed-die drop forging is widely used and the top and anvil are replaced by dies. Matching dies fit into the anvil and the top. The dies have a series of grooves and depression cut into them and the work piece is passed in sequence through a shaping series. The excess metal appears as a “flash” at each stage, this is a thin fin around the perimeter of the forging at the parting line. This flesh is cut away in a further press operation. Each size and shape of forging will thus require a separate set of forging and trimming dies. The production tolerance for the initial metal must involve excess e.g. 10mm.



MATERIAL TESTING LABORATORY Material testing laboratory is divide into three sections:  Metallographic  Mechanical testing  Chemical analysis ( ferrous, non-ferrous, refractory materials ) METALLOGRAPHIC SECTION Metallographic is the study of the physical structure and components of metals, typically using microscopy. In HMC metallographic section the microscope with the following magnification is available.  100x  450x  1000x  2000x



MECHANICAL TESTING In this section the tests being performed are:  Tensile It is carried out to check the following properties of the material. i. Tensile strength. ii. Yield strength. iii. Elongation rate. iv. Reduction in area rate.    



Bend Impact Crushing Hardness



The available machines for these testing are:  Universal testing machine of 10, 30, 60 and 100 ton  Charpy impact testing machine  Brinell testing machine  Rockwell testing machine



PPC (PRODUCTION, PLANNING AND CONTROL) Sales Order Numbering System The sales order numbering system allocates a unique identification system to each order acquired by the sales and marketing department. This sales order consists of six digits. The first two of these numbers designate the product group number of the products to be manufactured or services to be provided by the organization. The next two digits specify the fiscal year in which the order is received and the last two digits give the number of similar orders already received in the same fiscal year. For example, a job order given as11-11-04 is read as follows 11_______ product group no for sugar spares 11_______represents 2011 as the fiscal year 04_______specifies the fourth order for the current year That is fourth order of sugar spares in 2011.



Core Planning Core planning section has following works.  Master schedule planning.  Order Activity plans.  Monitoring of all the schedules. Project Planning  To ensure receipt of all drawings and documentation from design.  To issue the material purchase requirement.  To prepare the requirements of materials to be issued.  To prepare and issue job orders and prepare the follow up. Material Management (MMG)  Material requirement planning.  Intending and follow up of indent.  To keep updated purchase status of all project documents.  Establish stock levels for general consumable items and raw materials.  Coding of store items.  Insurance of material to appropriate job.  To keep and maintain updated stock status of all store items.



Production Technology Feasibility/Quantitative Detail  Feasibility study and quantitative details of client´s enquiries for cost estimates. Process Planning Preparation of following documents.  Detail parts list.  Route card (machining and fabrication) if required.  Cutting plans.  Time sheets. Tool designing  Designing of all types of press tools, dies, templates, jigs and fixtures.  To produce drawings for machinery components for maintenance.  Cutting plans, cutting/marketing templates for shop.



Dispatch Cell/Material Handling  To receive finish goods from shops/material handling sections.  To draw the standard items/equipments from stores for dispatch to costumer/sites.  To organize preservation/packing.  Maintain detailed dispatch records of finished goods, equipments, standard items against each contract.  Organize transportation.  Ensure complete and accurate documentation along with each dispatch.  To prepare the dispatch plans and ensure compliance. I.C.R (Income tax Cost and Revenue)  To defend in litigation/adjudication and contravention.  To organize industrial survey.  To obtain the consumption certificates and release of guarantee.



HEAT TREATMENT SHOP Heat Treatment “Heat treatment is the controlled heating and cooling of metals to alter their physical and mechanical properties without changing the product shape.” Heat Treatment Processes ANNEALING Annealing is the process of slowly raising the temperature about 50ºC (90ºF) above the Austenitic temperature line or line ACM in the case of Hypoeutectoid steels (steels with < 0.77% Carbon), about 50ºC (90ºF) in case of eutectoid steel and 50ºC (90ºF) into the AusteniteCementite region in the case of Hypereutectoid steels (steels with > 0.77% Carbon). It is held at this temperature for sufficient time for all the material to transform into Austenite or Austenite-Cementite as the case may be. It is then slowly cooled at the rate of about 20 ºC/hr (36 ºF/hr) in a furnace to about 50 ºC (90 ºF) into the Ferrite-Cementite range. At this point, it can be cooled in room temperature air with natural convection. The grain structure has coarse Pearlite with ferrite or Cementite (depending on whether hypo or hyper eutectoid). The steel becomes soft and ductile. NORMALIZING Normalizing is the process of raising the temperature to over 60 º C (108 ºF), above line A 3 or line ACM fully into the Austenite range. It is held at this temperature to fully convert the structure into Austenite, and then removed form the furnace and cooled at room temperature under natural convection. This results in a grain structure of fine Pearlite with excess of Ferrite or Cementite. The resulting material is soft; the degree of softness depends on the actual ambient conditions of cooling. This process is considerably cheaper than full annealing since there is not the added cost of controlled furnace cooling. The main difference between full annealing and normalizing is that fully annealed parts are uniform in softness (and machinablilty) throughout the entire part; since the entire part is exposed to the controlled furnace cooling. In the case of the normalized part, depending on the part geometry, the cooling is non-uniform resulting in non-uniform material properties across the part. This may not be desirable if further machining is desired, since it makes the machining job somewhat unpredictable. In such a case it is better to do full annealing. HARDENING Flame Hardening Flame hardening uses direct impingement of an oxy-gas flame onto a defined surface area. The result of the hardening process is controlled by four factors: the design of the flame head; the



duration of heating; the target temperature to be reached; and the composition of the metal being treated. The process is also effective at preheating bars, strip and various contours prior to austnizing, forming and forging. Flame Hardening Systems, Inc. manufactures a full range of equipment for efficiently applying heat to a broad assortment of component parts. Basically there are four methods/types of systems we build, depending on many factors. Induction Hardening A widely used process for the surface hardening of steel. The components are heated by means of an alternating magnetic field to a temperature within or above the transformation range followed by immediate quenching. The core of the component remains unaffected by the treatment and its physical properties are those of the bar from which it was machined, whilst the hardness of the case can be within the range 37/58 HRC. TEMPERING Tempering is a process of heat treating, which is used to increase the toughness of iron-based alloys. It is also a technique used to increase the toughness of glass. For metals, tempering is usually performed after hardening, to reduce some of the excess hardness, and is done by heating the metal to a much lower temperature than was used for hardening. The exact temperature determines the amount of hardness removed, and depends on both the specific composition of the alloy and on the desired properties in the finished product. For instance, very hard tools are often tempered at low temperatures, while springs are tempered to much higher temperatures. In glass, tempering is performed by heating the glass and then quickly cooling the surface, increasing the toughness.



STRESS RELEASING Stress releasing is used to reduce residual stresses in large castings, welded parts and coldformed parts. Such parts tend to have stresses due to thermals cycling or work hardening. Parts are heated to temperatures of up to 600-650 C (1112-1202 F), and held for an extended time (about 1 hour or more) and then slowly cooled in still air. CARBURIZING Carburizing is a process used to harden low carbon steels that normally would not respond to quenching and tempering. This is done for economical reasons (utilizing less expensive steel) or design considerations to provide a tough part with good wear characteristics. Carburizing introduces carbon into a solid ferrous alloy by heating the metal in contact with a carbonaceous material to a temperature above the transformation range and holding at that temperature. The depth of penetration of carbon is dependent on temperature, time at temperature, and the



composition of the carburizing agent. As a rough indication, a carburized depth of about .0.030 to 0.050 inches can be obtained in about 4 hours at 1700°F, depending upon the type of carburizing agent, which may be a solid, liquid, or gas. Since the primary object of carburizing is to secure a hard case and a relatively soft, tough core, only low-carbon steels (up to a maximum of about 0.25% carbon), either with or without alloying elements (nickel, chromium, manganese, molybdenum), are normally used. After carburizing, the steel will have a high carbon case graduating into the low-carbon core. Once the carburization is complete, the parts must be hardened and tempered to obtain the desired properties of both the core and the case. The shop specializes in manufacturing:  Shaft forgings  Ring  Rolls/rollers for bloom/billet mills  Continuous slab casters Other rolls as per customer's specifications.



BASIC MACHINE SHOP In the development of every nation industries are very important and for industries machinery is key factor. To check the development of any industry check it’s machinery. In the machine shop of Heavy mechanical Complex there are nearly 500 machines of different sizes and capacities. The machine shop of HMC contains various types of machines. Available Machines               



Lathe machine (three jaws and four jaws chucks, turret). Planer. Milling machine. Drilling machine. HDL( heavy duty lathe). BVT ( boring vertical turret lathe machine). Gear hobbing machine. Gear shaper machine. Straight bevel machine. Horizontal lathe machine. Radial drilling machine. Slotting machine. Double housing planner. Face plate machine. Column drilling machine.



Machining Operations and Machine Tools  Turning and Related Operations  Drilling and Related Operations  Milling  Machining Centers and Turning Centers  Other Machining Operations  High Speed Machining Machining  A material removal process in which a sharp cutting tool is used to mechanically cut away material so that the desired part geometry remains  Most common application: to shape metal parts







Machining is the most versatile and accurate of all manufacturing processes in its capability to produce a diversity of part geometries and geometric features (e.g. screw threads, gear teeth, flat surfaces)



Classification of Machined Parts 1. Rotational - cylindrical or disk-like shape. Achieved by rotation motion of the workpart. Ex. turning and boring 2. Non-rotational (also called prismatic) - block-like or plate-like. Achieved by linear motion of the workpart. Ex. Milling, shaping, planing and sawing



Rotational



Non-Rotational



Turning 



A single point cutting tool removes material from a rotating workpiece to generate a cylindrical shape  The tool is fed linearly in a direction parallel to the axis of rotation  Performed on a machine tool called a lathe Variations of turning that are performed on a lathe:  Facing  Contour turning  Chamfering  Cutoff  Threading



Facing Tool is fed radially inward to create a flat surface.



Chamfering Cutting edge cuts an angle on the corner of the cylinder, forming a "chamfer".



Threading Pointed form tool is fed linearly across surface of rotating work part parallel to axis of rotation at a large feed rate, thus creating threads.



Lathe Machines   



Most lathe machines are horizontal but vertical lathe machines are also used for jobs with large diameter relative to the length and for heavy work The size of the lathe is designated by swing and maximum distance between centers Swing is the maximum workpart diameter that can be rotated in the spindle







Maximum distance between centers indicate the maximum length of a workpiece that can be mounted between headstock and tailstock centers 350 mm x 1.2 m lathe means a swing of 350 mm and maximum distance between centers of 1.2 m







Boring  



  



Boring is similar to turning. It uses a single-point tool against a rotating workpart Difference between boring and turning:  Boring is performed on the inside diameter of an existing hole  Turning is performed on the outside diameter of an existing cylinder In effect, boring is an internal turning operation Machine tools used to perform boring operations are called boring machines Boring machines  Horizontal or vertical - refers to the orientation of the axis of rotation of machine spindle



Vertical Boring Mill



Boring bar on tool post



Boring bar between centres



  



Figure - A vertical boring mill –for large, heavy workparts Usually the workpart diameter is greater than its length Typical boring machine can position and feed several cutting tools simultaneously



  



Machining operation used to create a round hole in a workpart Contrasts with boring which can only enlarge an existing hole Cutting tool called a drill or drill bit-a rotating cylindrical tool which has two cutting edges on its working end Customarily performed on a drill press



Drilling







Radial Drill  Large drill press designed for large parts







Head can be positioned at significant distance from the column to accommodate large work



Milling     



A machining operation in which work is fed past a rotating tool with multiple cutting edges Axis of tool rotation is perpendicular to feed direction Creates a planar surface; other geometries possible either by cutter path or shape Owing to the variety of shapes possible and its high production rates, milling is one of the most versatile and widely used machining operations Other factors and terms:  Milling is an interrupted cutting operation-the teeth of the milling cutter enter and exit work during each revolution  Cutting tool called a milling cutter, cutting edges called "teeth"  Machine tool called a milling machine



Basic Types of Milling Operations



(a) Peripheral milling



(b) Face milling



Peripheral Milling vs. Face Milling  Peripheral milling or plain milling:  Cutter axis is parallel to surface being machined  Cutting edges on outside periphery of cutter  Face milling  Cutter axis is perpendicular to surface being milled  Cutting edges on both the end and outside periphery of the cutter Types of Milling  Peripheral Milling  Slab milling  Slotting  Side milling  Straddle milling  Face milling  Conventional face milling  Partial face milling  End milling



 Profile milling  Pocket milling  Surface contouring Milling Machines  Milling machines must provide a rotating spindle for the cutter and a table for fastening, positioning and feeding the workpart  Types:  Knee-and-column milling machine • Universal milling machine • Ram mill  Bed type milling machine  Planer type  Tracer mills  Tracer mills  CNC milling machines



Vertical knee-and-column milling machine Suitable for face milling



Hobbing Hobbing is a machining process for making gears, splines, and sprockets on a hobbing machine, which is a special type of milling machine. The teeth or splines are progressively cut into the workpiece by a series of cuts made by a cutting tool called a hob. Compared to other gear forming processes it is relatively inexpensive but still quite accurate, thus it is used for a broad range of parts and quantities It is the most widely used gear cutting process for creating spur and helical gears and more gears are cut by hobbing than any other process since it is relatively quick and inexpensive.



ASSEMBLY SHOP An assembly line is a manufacturing process (most of the time called a progressive assembly) in which parts (usually interchangeable parts) are added to a product in a sequential manner to create a finished product much faster than with handcrafting-type methods. The division of labour was initially discussed by Adam Smith, regarding the manufacture of pins, in his book The Wealth of Nations (published in 1776). The assembly line developed by Ford Motor Company between 1908 and 1915 made assembly lines famous in the following decade through the social ramifications of mass production, such as the affordability of the Ford Model T and the introduction of high wages for Ford workers. Henry Ford was the first to master the moving assembly line and was able to improve other aspects of industry by doing so (such as reducing labor hours required to produce a single vehicle, and increased production numbers and parts). Fittings Fitting is the process of joining the two mechanical parts to each other. System of Fit Although there can be generally coupled parts without any tolerance zones, only two methods of coupling of holes and shafts are recommended due to constructional, technological and economic reasons.  Hole basis system The desired clearances and interferences in the fit are achieved by combinations of various shaft tolerance zones with the hole tolerance zone "H". In this system of tolerances and fits, the lower deviation of the hole is always equal to zero.  Shaft basis system The desired clearances and interferences in the fit are achieved by combinations of various hole tolerance zones with the shaft tolerance zone "h". In this system of tolerances and fits, the upper deviation of the hole is always equal to zero.



where //// ... hole tolerance zone \\\\ ... shaft tolerance zone



The option of the system for the specified type of product or production is always influenced by the following factors:  Constructional design of the product and the method of assembly.  Production procedure and costs for machining the part.  Type of semi-product and consumption of material.  Costs for purchase, maintenance and storage of gauges and production tools.  Machine holding of the plant.



FABRICATION SHOP Fabrication, when used as an industrial term, applies to the building of machines, structures and other equipment, by cutting, shaping and assembling components made from raw materials. Small businesses that specialize in metal are called fab shops. Fabrication comprises or overlaps with various metalworking specialties:  Fabrication shops and machine shops have overlapping capabilities, but fabrication shops generally concentrate on the metal preparation aspects (such as sawing tubing to length or bending sheet metal or plate), welding, and assembly, whereas machine shops are more concerned with the machining of parts on machine tools. Firms that encompass both are also common.  Blacksmithing has always involved fabrication, although it was not always called by that name.  The products produced by welders, which are often referred to as weldments, are an example of fabrication.  Boilermakers originally specialized in boilers, leading to their trade's name, but the term as used today has a broader meaning.  Similarly, millwrights originally specialized in setting up grain mills and saw mills, but today they may be called upon for a broad range of fabrication work.  Ironworkers, also known as steel erectors, also engage in fabrication. Often the fabrications for structural work begin as prefabricated segments in a fab shop, then are moved to the site by truck, rail, or barge, and finally are installed by erectors.



Sections of Fabrication Shop Basically Fabrication Shop is divided into four sections:  Heavy bay section.  Medium bay section.  Small bay section.  Marking and layout section. Raw Materials  Standard raw materials used by metal fabricators are;  Flate metal  Formed and expanded metal  Tube stock, CDSM.  Square stock.  Sectional metals (I beams, W beams, C-channel...)  Welding wire.  Hardware.  Castings.  Fittings. Cutting The cutting part of fabrication is done via  Sawing.  Shearing, or chiseling (all with manual and powered variants).  Torching with handheld torches (such as oxy-fuel torches or plasma torches).  CNC cutters (using a laser, torch, or water jet).  Semi-automatic cutting machines (cutting capacity 1mm-300mm).  Electromagnetic cutting machines.  Plasma cutting machines.  Photocell cutting machines.  Parallel torch cutting machines. Bending The bending is done via  Hammering (manual or powered).  Press brakes and similar tools.



Assembling The assembling (joining of the pieces) is done via  Welding.  Binding with adhesives.  Riveting.  Threaded fasteners. WELDING Welding is a fabrication or sculptural process that joins materials, usually metals or thermoplastics, by causing coalescence. This is often done by melting the work pieces and adding a filler material to form a pool of molten material (the weld pool) that cools to become a strong joint, with pressure sometimes used in conjunction with heat, or by itself, to produce the weld. This is in contrast with soldering and brazing, which involve melting a lower-melting-point material between the work pieces to form a bond between them, without melting the work pieces. Shielded Metal Arc Welding (SMAW) Shielded metal arc welding (SMAW), also known as manual metal arc (MMA) welding or informally as stick welding, is a manual arc welding process that uses a consumable electrode coated in flux to lay the weld. An electric current, in the form of either alternating current or direct current from a welding power supply, is used to form an electric arc between the electrode and the metals to be joined. As the weld is laid, the flux coating of the electrode disintegrates, giving off vapors that serve as a shielding gas and providing a layer of slag, both of which protect the weld area from atmospheric contamination. Because of the versatility of the process and the simplicity of its equipment and operation, shielded metal arc welding is one of the world's most popular welding processes. It dominates other welding processes in the maintenance and repair industry, and though flux-cored arc welding is growing in popularity, SMAW continues to be used extensively in the construction of steel structures and in industrial fabrication. The process is used primarily to weld iron and steels (including stainless steel) but aluminum, nickel and copper alloys can also be welded with this method. Defects As SMAW is manual welding process so it has no uniformity (for larger welds) and there is also a quality difference in welding (someplace thick and some other place thin). To remove this defect SAW welding is used.



SMAW system setup.



SMAW weld



area.



Submerged Arc Welding (SAW) Submerged arc welding (SAW) is a common arc welding process. Originally developed by the Linde - Union Carbide Company. It requires a continuously fed consumable solid or tubular (flux cored) electrode. The molten weld and the arc zone are protected from atmospheric contamination by being “submerged” under a blanket of granular fusible flux consisting of lime, silica, manganese oxide, calcium fluoride, and other compounds. When molten, the flux becomes conductive, and provides a current path between the electrode and the work. This thick layer of flux completely covers the molten metal thus preventing spatter and sparks as well as suppressing the intense ultraviolet radiation and fumes that are a part of the shielded metal arc welding (SMAW) process. SAW is normally operated in the automatic or mechanized mode, however, semi-automatic (hand-held) SAW guns with pressurized or gravity flux feed delivery are available. The process is



normally limited to the flat or horizontal-fillet welding positions (although horizontal groove position welds have been done with a special arrangement to support the flux). Single or multiple (2 to 5) electrode wire variations of the process exist. SAW strip-cladding utilizes a flat strip electrode (e.g. 60 mm wide x 0.5 mm thick). DC or AC power can be used, and combinations of DC and AC are common on multiple electrode systems. Constant voltage welding power supplies are most commonly used; however, constant current systems in combination with a voltage sensing wire-feeder are available.



Schematic diagram of SAW. Gas Tungsten Arc Welding (GTAW) Gas tungsten arc welding (GTAW), also known as tungsten inert gas (TIG) welding, is an arc welding process that uses a non-consumable tungsten electrode to produce the weld. The weld area is protected from atmospheric contamination by a shielding gas (usually an inert gas such as argon), and a filler metal is normally used, though some welds, known as autogenous welds, do not require it. A constant-current welding power supply produces energy which is conducted across the arc through a column of highly ionized gas and metal vapors known as plasma. GTAW is most commonly used to weld thin sections of stainless steel and non-ferrous metals such as aluminum, magnesium, and copper alloys. The process grants the operator greater control over the weld than competing procedures such as shielded metal arc welding and gas metal arc welding, allowing for stronger, higher quality welds. However, GTAW is comparatively more complex and difficult to master, and furthermore, it is significantly slower than most other welding techniques. A related process, plasma arc welding, uses a slightly different welding torch to create a more focused welding arc and as a result is often automated.



GTAW weld area. Welding Defects A welding defect is any flaw that compromises the usefulness of the finished weldment. According to the American Society of Mechanical Engineers (ASME) welding defect causes are broken down into the following percentages: 41% poor process conditions, 32% operator error, 12% wrong technique, 10% incorrect consumables, and 5% bad weld grooves TYPES OF WELDING DEFECTS Cracks Cracks are produced due to properties difference of materials and wrong pre-heating.



Incomplete Pentration This type of defect is found in any of three ways:  When the weld bead does not penetrate the entire thickness of the base plate.  When two opposing weld beads do not interpenetrate.  When the weld bead does not penetrate the toe of a fillet weld but only bridges across it.



Welding current has the greatest effect on penetration. Incomplete penetration is usually caused by the use of too low a welding current and can be eliminated by simply increasing the amperage. Other causes can be the use of too slow a travel speed and an incorrect torch angle. Both will allow the molten weld metal to roll in front of the arc, acting as a cushion to prevent penetration. The arc must be kept on the leading edge of the weld puddle.



Distortion Welding methods that involve the melting of metal at the site of the joint necessarily are prone to shrinkage as the heated metal cools. Shrinkage then introduces residual stresses and distortion. Distortion can pose a major problem, since the final product is not the desired shape. To alleviate certain types of distortion the work pieces can be offset so that after welding the product is the correct shape. The following pictures describe various types of welding distortion:



Transverse shrinkage.



Angular distortion.



Fillet distortion.



Longitudinal shrinkage.



Neutral axis distortion.



Gas Inclusion Gas inclusions are a wide variety of defects that includes porosity, blow holes, and pipes (or wormholes). The underlying cause for gas inclusions is the entrapment of gas within the solidified weld. Gas formation can be from any of the following causes: high sulfur content in the work piece or electrode, excessive moisture from the electrode or work piece, too short of an arc, or wrong welding current or polarity. Undercut Most structural failures originate from weld joint because it is the source of discontinuity or defects. The most visible weld defect we can easily find in visual inspection is undercut. Undercut is usually due to over current in electric arc welding. Over current causes wide melting zone in base metal but not enough weld fusion metal to replace the gap. High lapping speed also leaves the gap poorly filled with weld fusion metal and produces undercut. To avoid undercut, welder and welding inspector must observe initial weld lap to see whether the current setting is appropriate. Post welding inspection can be tricky since welder can cover undercut by running another lap using lower grade welding electrode and low current. Undercut is dangerous because it amplifies the stress flow due to reduction in section area and stress concentration of the notch form.



Undercut and overlap. Incomplete Fusion Other welding defect is incomplete fusion which is due to undercurrent. Arc welding uses concentrated high-temperature electric arc to melt both base metal and welding electrode. These melted base metal and electrode mix and fuse together into weld pool which subsequently bonds adjoining base metals. If the welding current is set too low, ideal melting temperature cannot be achieved and base metal doesn’t melt completely. Furthermore, weld pool material is not adequate and gap between adjoining base metals is not properly filled. This will leave empty holes inside or outside weld joints.



NDT LABORATORY (NON DESTRUCTIVE TESTING LABORATORY) Non Destructive Testing Nondestructive testing or Non-destructive testing (NDT) is a wide group of analysis techniques used in science and industry to evaluate the properties of a material, component or system without causing damage. The terms Nondestructive examination (NDE), Nondestructive inspection (NDI), and Nondestructive evaluation (NDE) are also commonly used to describe this technology. Because NDT does not permanently alter the article being inspected, it is a highlyvaluable technique that can save both money and time in product evaluation, troubleshooting, and research. Non Destructive testing (NDT) Methods: 1. Electromagnetic Radiations 2. Ultrasonic 3. Magnetic-particle 4. Liquid penetrant 5. Radiographic 6. Eddy-current testing NDT methods may rely upon use of electromagnetic radiation, sound, and inherent properties of materials to examine samples. Nondestructive testing - NDT - use test methods to examine an object, material or system without impairing its future usefulness. Non-destructive testing is often required to verify the quality of a product or a system. Types of Defects Basically there are two types of defects 1. Surface Defects 2. Internal Defect Surface Defects Methods used for checking surface defects are “liquid penetrant” and “Magnetic particle”.



Internal Defects Methods used for checking internal defects are “Radiography” and “Ultrasonic ” test. APPLICATIONS Weld Verification In manufacturing, welds are commonly used to join two or more metal surfaces. Because these connections may encounter loads and fatigue during product lifetime, there is a chance that they may fail if not created to proper specification. For example, the base metal must reach a certain temperature during the welding process, must cool at a specific rate, and must be welded with compatible materials or the joint may not be strong enough to hold the surfaces together, or cracks may form in the weld causing it to fail. The typical welding defects, lack of fusion of the weld to the base metal, cracks or porosity inside the weld, and variations in weld density, could cause a structure to break or a pipeline to rupture. Welds may be tested using NDT techniques such as industrial radiography orindustrial CT scanning using X-rays or gamma rays, ultrasonic testing, liquid penetrant testing or via eddy current. In a proper weld, these tests would indicate a lack of cracks in the radiograph, show clear passage of sound through the weld and back, or indicate a clear surface without penetrant captured in cracks. Welding techniques may also be actively monitored with acoustic emission techniques before production to design the best set of parameters to use to properly join two materials.



INSPECTION Inspection is a process in which the material is just visually Checked by using many apparatus like Verneir Caliper, Micro meter screw gauges, Tapes, Compasses etc. When this is done, then a report is prepared containing all the references with respect to that the material was passed out from the inspection stage and this is a necessary step to assure the quality of the product. And is done where the status of the manufacturing industry is to be maintained and the Quality of the manufactured product is to kept up to the standards. The working process starts with agreement between purchaser and manufacture, the manufacture provides Preformat Invoice (PI) to the purchaser which explains the equipment specification and related price. Then the purchaser issues the Purchase Order (PO) which confirming the preformat invoice. Before start of manufacturing, the purchaser must provide equipment inspection and test plan (ITP) to the manufacture. The ITP identifies all inspection points for purchaser inspector. Then the manufacture needs to prepare the project quality control plan based of this inspection and test plan. The manufacture notifies purchaser inspector in advance to attend to her factory for witnessing the inspections and tests. The communication and coordination channel between manufacture, purchaser inspector and purchaser are agreed in the Pre-inspection meeting (PIM). Based the international practice manufacture sends her notification to the purchaser, and purchaser reviews the notification and after her approval sends to the inspector. Then the inspector will be attended in the in manufacture shop to witness the test or inspection. The purchaser inspector will send his/her inspection visit report to the purchaser.Purchaser can assign his/her own inspector which is her own direct employee or hire a third party inspection agency to carry out inspection.



Inspection and test plan has tabular format and its content extracted from construction code. In each row of the table there is quality control and inspection requirement and determine which party is responsible for control and inspection. There are three parties in ITP, Manufacture, Third Party Inspector (TPI) and Client or purchaser. Normally the table accommodates 3 sections as following:  Before Manufacturing  During Manufacturing  Final Inspection Before Manufacturing section consists of Pre-Inspection Meeting (PIM) and review of quality control documents which need to be approved before start of manufacturing.There are 3 or 4 important terminologies in the ITP which determines the responsibility of each party. These are: Hold point(H): Hold on the production till TPI Inspector perform inspection and supervise the required test, as general; attendance to the PIM meeting, raw material inspection and identification, Post Weld Heat Treatment Review, Hydrostatic Test, Performance Test, Run-Out Test and Final Inspection are Hold points. Normally manufactures shall notify TPI Inspector 7 working days in advance. Witness Point (W): Manufacture shall notify client and TPI Inspector but there is no hold on the production, client can waive this inspection based on his discretion and inform TPI Inspector. Spot Witness (SW): for items with spot witness manufacture shall notify TPI inspector as fulfilling the monitoring for example one random visit for whole UT Tests or one or two visit for whole surface preparation work for painting. Review (R): Review means Review document, which includes the review of quality control records, test reports and etc. When TPI Inspector make visit for hold or witness point, the inspector can review the related documents.
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