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Hydraulics Lab (POFIT) Introduction to POFIT:



POFIT is the abbreviation of Pakistan Ordinance Factory information technology, and sir this is a institute of Pakistan Ordinance Factory where students study and also the students of POF engineering college do practical work here. In this institute I visit only Hydraulic Machinery Lab.



Hydraulics Machinery Lab: In hydraulics machinery lab I saw many advance different types of machinery apparatuses. In this lab, I saw mainly two different types of apparatuses, which are:



1) Pneumatic Type. 2) Hydraulic Type. Pneumatic Type: What is Pneumatics? “Pneumatics is a branch of technology, which deals with the study and application of use of pressurized gas to affect mechanical motion.” Pneumatic systems are extensively used in industry, where factories are commonly plumbed with compressed air or other compressed inert gases. This is because a centrally-located and electrically-powered compressor that powers cylinders and other pneumatic devices through solenoid valves is often able to provide motive power in a cheaper, safer, more flexible, and more reliable way than a large number of electric motors and actuators. Pneumatics also has applications in dentistry, construction, mining, and other areas. Pneumatic Robot: Pneumatic robot works by using pneumatic pressure (air pressure). For that purpose a compressor is used to increase pressure of air from 14.7psi at sea level to any desired value like 150psi, 200psi etc. This pneumatic robot has 6 valves, so it has 6 motions. We feed the programmers from a microprocessor and control the pressure by pneumatic system. There is a actuator present in it which demonstrate the characteristics and the operations of stepper motor. In that robot light programming commands are used to programme the 5-axis robot arm. In other parts of robot a controller is present to demonstrate robot controller operation. A interface training module is also present which demonstrates the action of electronic circuit that interface the robot to microprocessor trainer. Pneumatic Trainer:



This integrated hands-on pneumatic training aid introduces basic principles of pneumatics and compressed air devices. This unit allows for the connecting of pneumatic circuits. With this unit lot of components are present like pneumatic cylinders, compressor with gear pump, all types of valves and many more other components.



Hydraulic Type: In hydraulic part I saw two types of trainers. 1) Hydrostatic trainer 2) Hydrodynamic trainer Hydrostatic Trainer: At this unit we can check : Properties of fluid: 1) Density 2) Viscosity 3) Capillary Effect Static Pressure: 1) 2) 3) 4) 5) 6)



Free surface of static liquid Effect of flow on free surface Measurement of liquid level Variation of pressure with depth Intensity of liquid pressure Centre of pressure on the plane surface



Measurement of Pressure: 1) Barometer of Borden type pressure guage 2) Manometer



Hydrodynamic Trainer:        



Measuring flow volume Measuring pressure Static and dynamic pressure Investigate pitot tube Investigate piezometer Combined investigation with piezometer and pitot tube Bernoulli’s principle Flow measurement with venture meter



 Measurement of flow with nozzle and orifice  Investigation of flow restrictor  Investigation of pipe system Instructor also show us different types of valves like directional control vales, different types of hydraulic cylinders. After this we also see a wind tunnel in laboratory.



Connection of a pneumatic circuit: On last day the instructor give me a circuit of a automatic pneumatic cylinder. Detail of that circuitry is given below: Components: 1) 2) 3) 4) 5) 6) 7)



Pneumatic cylinder Accumulator Needle valve 4-way 2-position pilot operated directional control valve 3-way 2-position pilot operated directional control valve Different sizes of small pipes T-joints



Circuit Diagram:



Procedure: Take out all the components from drawer of pneumatic trainer unit. Put on the compressor and set the pressure at 80psi. Then arrange the apparatus on the trainer and connect aal the pipes accurately. Then open the shuttle valve which is present at the main supply of compressed air. Then the rod of pneumatic cylinder come out from the cylinder then adjust the working time of cylinder rod by needle valve, which controls the pressure by storing a certain amount of compressed air in accumulator. Pressure of this compressed air is shown on the pressure gauge which is present on the top of pneumatic trainer unit.
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INTRODUCTION The shop which I visit first in Brass Mill is A-40. This shop is mainly divided into two parts.  Foundry  Compressor House & Pump House



FOUNDRY Foundry is mainly divided into two basic divisions. 1) Mechanical Maintenance 2) Production



1) Mechanical Maintenance:



Mechanical maintenance is further divided into three parts. 1) Services & Foundry 2) Rolling & Maintenance 3) Basement workshop 1) Services & Foundry: In this portion services department is responsible for operation of water furnace supply pumps. It is also related to the operation of air compressor. Foundry is mainly responsible for the melting furnaces and their arrangements. All plants are installed in foundry area and over head cranes, rail tracks, supply lines of steam, natural gas and water are also present in foundry. 2) Rolling & Maintenance: This portion includes maintenance of all the machines installed in rolling area. 3) Basement Work Shop: In this work shop all types of spare parts of different machines present in foundry are manufactured.



2) Production: This portion is only related to those things which are the products of this shop A-40. Important products of this shop are: 1) Brass (Strips & Coils). 2) Gilding Metal (90% Cu + 10% Zn). 3) GMC a) Material used for production of Brass: We know that the basic formula for brass is: Copper + Zinc -------------> Brass But there are two types of materials are used. Which are:  Pure Materials.  Scrap Materials. Pure Materials: 1) Virgin copper: which is imported from Australia and Germany, it 99% pure. 2) Pure zinc: This is imported from India. Scrap Materials:



Scrap materials are basically waste materials. Scrap includes: 1) All rejected parts from other shops (like bullets and shells from SAA & MAA). 2) The waste or extra portions left remain after any operation (like remaining parts of strips after cupping/capping/blanking or many of other operations). For production purpose we always use large amount of scrap and fewer amounts of pure materials. So, in foundry (of A-40) 80% scrap and 20% pure materials are used to make brass.



Foundry Machinery and Their Functions 1) Electric Furnaces: a) Induction Furnaces: An induction furnace is an electrical furnace in which the heat is applied by induction heating of a conductive medium (usually a metal) in a crucible placed in a water-cooled alternating current solenoid coil. The advantage of the induction furnace is a clean, energy-efficient and well-controllable melting process compared to most other means of metal melting. Induction furnace capacities range from less than one kilogram to two ton capacity, and are used to melt iron and steel, copper, aluminum, and precious metals. The one major drawback to induction furnace usage in a foundry is the lack of refining capacity; charge materials must be clean of oxidation products and of a known composition, and some alloying elements may be lost due to oxidation (and must be re-added to the melt).



Total numbers of induction furnaces present in A-40 are four. Which have maximum capacity of 2 tons. This furnace is air cool and it does not fully empty any time. It always has approximate 750 kg material all the time. They have the capacity to melt brass at 1120®C, copper at 1200®C and gilding metal at 1170®C. its can produce 2 tons of brass in one hour.



b) Crucible Furnace: Only one crucible furnace is present in this shop. It has capacity of 1 ton. This furnace is water cooled and it can be fully empty it. In crucible furnace copper casting is also present. This furnace works at 360V and it have 200Kw power to charge the material.



The process of both furnaces is same. After furnace heating the material (melted brass) is shifted to mould by using ladle. The mould which I saw in that shop has following Specifications: Shape Diameter Capacity



Round 220mm 650 – 700 ml



Another type is water cooled mould. Its specifications are: Length Width Thickness



1200mm 280mm 120mm



2) Shearing Machine : This shearing machine is only used for cutting of copper sheets into different sizes and shapes. It is used to cut down large sheets into small width strips.



3) Saw Blades: After heating brass in furnace, it pours down into moulds. These moulds are cool down into billets. The rough and hollow sides of these billets are removed by using saw blades. I saw two types of saw blades in that shop. a) Cutter thickness is 120mm and cutter dia is 710mm. b) Cutter thickness is 610mm and cutter dia is 810mm. 4) Circular Milling Machine: At this machine surface milling of brass blocks is done. At this milling machine circular cutters are present. Which makes a equal and smooth surface of brass billets.



5) Blanking Press : This press has 1600 ton pressing weight. After rolling process the blocks of brass are converted into sheets. These sheets are placed under this press. By using this press different sizes of disc plates are made.



Different disac sizes are given below: Width 130mm Diamete 308mm r Thicknes 24mm s Weight 15kg Furnace:



125mm 261mm



122mm 192mm



22.6mm



17mm



10.5kg



4.5kg



105mm 180.6m m 13.24m m 3kg



37mm 79.76m m 15.24m m 0.650kg



30mm 70mm 15.24m m 0.500kg



6) Prehe ating



This is gas type pre-heating furnace. Pre-heating is done before hot rolling process. Brass ballets are heated at 840®C and GMC ballets are heated at 940®C.



For pre-heating of GMC (gliding metal clad) sheets a steel slab is placed between two copper slabs. This is called GMC sandwich. It is heated at about 940®C. Then the copper slabs attached to steel slab and then hot rolling process is done. This GMC sheet is used to make tracer bullet (in SAA).



7) Hot Rolling Machine: Hot rolling is a metalworking process that occurs above the recrystallization temperature of the material. After the grains deform during processing, they recrystallize, which maintains an equiaxed microstructure and prevents the metal from work hardening. The starting material is usually large pieces of metal, like semi-finished casting products, such as slabs, blooms, and billets. If these products came from a continuous casting operation the products are usually fed directly into the rolling mills at the proper temperature. In smaller operations the material starts at room temperature and must be heated. Hot rolling is used mainly to produce sheet metal or simple cross sections, such as rail tracks



For hot rolling of GMC sheets: GMC slab used of dimensions:



Length Width Thickness



1000mm 280 mm 160 mm



8) Slab Milling Machine: A slab mill machines a flat surface of the work piece in order to provide a smooth finish. The depth of the face, typically very small, may be machined in a single pass or may be reached by machining at a smaller axial depth of cut and making multiple passes. The sheets are hot rolled through rolling machine are then go through to slab milling process for fine surface finish. During this type of milling about 0.5 mm material is reduced from upper and lower surface of sheet. Slab milling is used to remove irregular portion present on the surface of brass sheets. The following figure shows the process of slab milling.



9) Annealing and Cold Rolling: As the brass is hot rolled it gets harder and more difficult to work. It also loses its ductility, or ability to be stretched further. Before the brass can be rolled further, it must first be heated to relieve some of its hardness and make it more ductile. This process is called annealing Larger pieces of hot-rolled brass may be placed in a sealed furnace and annealed together in a batch. In either method, the atmosphere inside the furnace is filled with a neutral gas like nitrogen to prevent the brass from reacting with oxygen and forming undesirable oxides on its surface. The annealed pieces of brass are then fed through another series of rollers to further reduce their thickness to about 0.1 in (2.5 mm). This process is called cold rolling because the temperature of the brass is much lower than the temperature during hot rolling. Cold rolling deforms the internal structure of the brass, or grain, and increases its strength and hardness. The more the thickness is reduced, the stronger and harder the



material becomes. The cold-rolling mills are designed to minimize deflection across the width of the rollers in order to produce brass sheets with near-uniform thickness.



10)



Brass Pickling :



Pickling is a metal surface treatment used to remove impurities, such as stains, inorganic contaminants, rust or scale, from copper alloys. A solution called pickle liquor (which contains sulphuric acid of about 12% ), is used to remove the surface impurities. In this process the brass coils/foils are passed through three types of liquids. 1) Sulphuric Acid (12%) 2) Hot water bath 3) Cold water bath



11)



Slitting Machine (Roll Slitting): Roll slitting, also known as log slitting, is a shearing operation that cuts a large roll of material into narrower rolls. The log slitting terminology refers back to the olden days of saw mills when they would cut logs into smaller sections. They would also use these saw mills to cut brass coils into smaller sections. The sheets may be given a final cold rolling to tighten the tolerances on the thickness or to produce a very smooth surface finish. They are then cut to size, stacked or coiled



depending on their thickness and intended use, and sent to the ware-house for distribution.



Brass Production Process Diagram The following diagram shows important processes in the manufacturing of brass strips and coils.



COMPRESSOR HOUSE & PUMP HOUSE Compressor House: In compressor house compressed air is produced, which is used in foundry for different purposes. It is the main supply for A-40 shop. It supplies compressed air to shop at 6kp/sqr.cm pressure. This plant supplies 384lit compressed air per hour to the shop. There is an other plant is present in compressor house, which is called capacity free air delivery plant. Its capacity is 8640 lit/min.



Pump House: In pump house a water recycling plant is installed. This plant softens the impure water and pumps it to foundry shop. High power pumps are installed there. This water cleaning plant has capacity of 11200 gallons/day. It is the main supply for brass mill.
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C-01 SHOP CAP :



Cap is fitted on the anvil head of case, and trigger strikes with it and cap is filled with explosive which burns the inside propellant (inside the case) which exerts a huge pressure on bullet, which leaves the case and hit the target



Major Products: 1) 7.62mm bullet cap 2) 9mm bullet cap 3) 12-bore components (anvil, head, cap)



Different Groups Of Shop: Shop C-01 is divided into different groups/sections. 1) 2) 3) 4) 5)



Cupping Draw Trimming Forming Drilling



Except these groups, annealing furnaces with annealing temperature up to 1000®C and a pickling plant are also present here. A visual inspection room is also present in that shop.



Materials under Use: 1) 2) 3) 4)



Copper (Grade-1) Brass (Grade-1) Copper (Coated) Brass (Coated)



Blanking & Cupping Machine: This is multi-operation blanking machine. Its product is 12-bore cup. Its name is BIAC. It is capable of doing five operations at a time. These operations are: 1) 2) 3) 4) 5)



Piercing Blanking Stamping Forming Chipping



These operations are done in two steps. In first step piercing operation is done. Then other four operations are done together. The process of making hole in strip is called piercing operation and the hole which is formed in the brass strip is the process of blanking.



Vertical Cupping Machine: This machine is basically used for making cap for 9mm bullet. Its operation is same as vertical cupping machine which is used for drawing of bullet case. Further other cupping machines are also present which works in same sense as above but its working movement is horizontal and linear.



Pickling Plant: After cupping operation annealing of caps are done in annealing furnace (under about 1000®C). Then the color of caps becomes blackish. Then washing process is done. This washing process is done in pickling plant. In that plant following acid are used for pickling process.



1) 2) 3) 4)



Sulphuric Acid Nitric Acid Chromic Acid Basol



Gauging & Visual Inspection: After washing and pickling process caps color becomes bright. Then the caps are gone to gauging and visual inspection section. In this section the height of caps are checked by a special height gauge. In that height gauge the caps which are passed through the space (specific height gap) are pass. Then a high skilled person checks all the faults present in caps. He point out the faulty caps. This process is called visual inspection.



Fire Transmitting Tube (another product):



Another product of this shop is fire transmitting tube which is used in 12-bore bullet for ignition purpose. Following processes are involved in the production of this tube. 1) 2) 3) 4) 5) 6) 7) 8)



Parting of tube upto 57mm to 60mm. Annealing upto 800®C. Washing Formation of first flange and then second flange (Forming) Drilling (22-drills, every drill is of 3mm) Debarring is done to remove sharp edges from drilled holes Reaming Head trimming



C-03 SHOP Introduction: This is very old shop of POF. It is basically divided into two partitions. 1) Foundry Section 2) Rolling Section This shop is not advanced as A-40 shop. Its production level is also smaller than A-40 shop. The main products of this shop are same as A-40 shop (brass mill). These products are brass strips and coils which are used for making 7.62mm and 9mm bullets. Discs are also produced here for making shells.



Foundry Section Important products of this section are: 4) Brass (Billets). 5) Gilding Metal (90% Cu + 10% Zn). 6) Copper Molds



b) Material used for production of Brass: We know that the basic formula for brass is: Copper + Zinc -------------> Brass But there are two types of materials are used. Which are:  Pure Materials.  Scrap Materials. Pure Materials: 3) Virgin copper: which is imported from Australia and Germany, it 99% pure. 4) Pure zinc: This is imported from India.



Scrap Materials: Scrap materials are basically waste materials. Scrap includes: 3) All rejected parts from other shops (like bullets and shells from SAA & MAA). 4) The waste or extra portions left remain after any operation (like remaining parts of strips after cupping/capping/blanking or many of other operations). For production purpose we always use large amount of scrap and fewer amounts of pure materials. So, in foundry (of C-03) 80% scrap and 20% pure materials are used to make brass.



Foundry Machinery and Their Functions: 12) Induction Furnaces: An induction furnace is an electrical furnace in which the heat is applied by induction heating of a conductive medium (usually a metal) in a crucible placed in a water-cooled alternating current solenoid coil. The advantage of the induction furnace is a clean, energy-efficient and well-controllable melting process compared to most other means of metal melting. Induction furnace capacities range from less than one kilogram to two ton capacity, and are used to melt iron and steel, copper, aluminum, and precious metals. The one major drawback to induction furnace usage in a foundry is the lack of refining capacity; charge materials must be clean of oxidation products and of a known composition, and some alloying elements may be lost due to oxidation (and must be readded to the melt).



Total numbers of induction furnaces present in C-03 are six. These furnaces are single channeled. Which have maximum capacity of 2 tons. This furnace is air cool and it does not fully empty any time. It always has approximate 750 kg material all the time. They have the capacity to melt brass at 1120®C, copper at 1200®C and gilding metal at 1170®C. its can produce 2 tons of brass in one hour.



13) Saw Blades Cutter: After heating brass in furnace, it pours down into moulds. These moulds are cool down into billets. The rough and hollow sides of these billets are removed by using saw blades. I saw two types of saw blades in that shop. c) Cutter thickness is 120mm and cutter dia is 710mm. d) Cutter thickness is 610mm and cutter dia is 810mm.



Rolling Section Important products of this section are: 1) Brass Strips and Coils 2) Brass Discs



Rolling Section Machinery and Their Functions: 1) Preheating Furnace: This is gas type pre-heating furnace. Pre-heating is done before hot rolling process. Brass billets are heated at 860®C for 2.5hrs. The shortest billet placed in this furnace is of length 24 inches and the longest billet placed in this furnace is of length 34 inches. It takes about 17 to 20 billets at a time.



2) Hot Rolling Machine: Hot rolling is a metalworking process that occurs above the recrystallization temperature of the material. After the grains deform during processing, they recrystallize, which maintains an equiaxed microstructure and prevents the metal from work hardening. The starting material is usually large pieces of metal, like semi-finished casting products, such as slabs, blooms, and billets. If these products came from a continuous casting operation the products are usually fed directly into the rolling mills at the proper temperature. In smaller operations the material starts at room temperature and must be heated. Hot rolling is used mainly to produce sheet metal or simple cross sections, such as rail tracks



14) Slab Milling Machine: A slab mill machines a flat surface of the work piece in order to provide a smooth finish. The depth of the face, typically very small, may be machined in a single pass or may be reached by machining at a smaller axial depth of cut and making multiple passes. The sheets are hot rolled through rolling machine are then go through to slab milling process for fine surface finish. During this type of milling about 0.5 mm material is



reduced from upper and lower surface of sheet. Slab milling is used to remove irregular portion present on the surface of brass sheets. The following figure shows the process of slab milling.



15) Annealing: As the brass is hot rolled it gets harder and more difficult to work. It also loses its ductility, or ability to be stretched further. Before the brass can be rolled further, it must first be heated to relieve some of its hardness and make it more ductile. This process is called annealing For better shining and strength in strips and coils a bright annealing procedure is used. This is oxygen free annealing process. 4-hoppers are used for this purpose. At a time 60 coils are placed in one hopper.



16) Brass Pickling :



Pickling is a metal surface treatment used to remove impurities, such as stains, inorganic contaminants, rust or scale, from copper alloys. A solution called pickle liquor (which contains sulphuric acid of about 5-10% ), is used to remove the surface impurities. In this process the brass coils/foils are passed through three types of liquids. 4) Sulphuric Acid (5-10%) 5) Cold water bath 6) Hot water bath



17) Single Acting Blanking Press: This press has 500 ton pressing weight. This is single acting blanking press because it makes on one disc at a time. After rolling process the blocks of brass are converted into sheets. These sheets are placed under this press. By using this press different sizes of disc plates are made.



18) Extrusion Press (1250ton): This press is used to extrude the length of brass coils. Following steps are include in this process. 1. Billets must be heated to approximately 800-925 ° F.



2. After a billet reaches the desired temperature, it is transferred to the loader where a thin film of smut or lubricant is added to the billet and to the ram. The smut acts as a parting agent (lubricant) which keeps the two parts from sticking together. 3. The billet is transferred to the cradle. 4. The ram applies pressure to the dummy block which, in turn, pushes the billet until it is inside the container. 5. Under pressure the billet is crushed against the die, becoming shorter and wider until it has full contact with the container walls. While the aluminum is pushed through the die, liquid nitrogen flows around some sections of the die to cool it. This increases the life of the die and creates an inert atmosphere which keeps oxides from forming on the shape being extruded. In some cases nitrogen gas is used in place of liquid nitrogen. Nitrogen gas does not cool the die but does create an inert atmosphere. 6. As a result of the pressure added to the billet, the soft but solid metal begins to squeeze through the die opening. 7. As an extrusion exits the press, the temperature is taken with a True Temperature Technology (3T) instrument mounted on the press platen. The 3T records exit temperature of the aluminum extrusion. The main purpose of knowing the temperature is to maintain maximum press speeds. The target exit temperature for an extrusion is dependent upon the alloy. For example, the target exit temperature for the alloys 6063, 6463, 6063A, and 6101 is 930° F (minimum). The target exit temperature for the alloys 6005A, and 6061 is 950° F (minimum). 8. Extrusions are pushed out of the die to the leadout table and the puller, which guides metal down the run-out table during extrusion. While being pulled, the extrusion is cooled by a series of fans along the entire length of the run-out and cooling table. (Note: Alloy 6061 is water quenched as well as air quenched.) 9. Not all of the billet can be used. The remainder (butt) contains oxides from the billet skin. The butt is sheared off and discarded while another billet is loaded and welded to a previously loaded billet and the extrusion process continues. 10. When the extrusion reaches a desired length, the extrusion is cut with a profile saw or a shear. 11. Metal is transferred (via belt or walking beams systems) from the run-out table to the cooling table. 12. After the aluminum has cooled and moved along the cooling table, it is then moved to the stretcher. Stretching straightens the extrusions and performs 'work hardening' (molecular re-alignment which gives aluminum increased hardness and improved strength). 13. The next step is sawing. After extrusions have been stretched they are transferred to a saw table and cut to specific lengths. The cutting tolerance on saws is 1/8 inch or greater, depending on saw length.



This diagram shows the parts of extrusion press.



***************************



SAA FACTORY Submitted To :



Assistant Manager Junaid Khan



Submitted By:



Muhammad Awais



Mechanical Engineering Department University of Engineering & Technology Taxila



Small Arms and Ammunition INTRODUCTION The word “SAA” is the abbreviation of “Small Artillery Ammunition” and this factory is one of the huge factories from the fourteen factories of Pakistan Ordnance Factories. The purpose of this factory is same as MAA factory, but the difference is that in MAA factory they are



manufacturing medium ammunition and in SAA factory they are manufacturing small type ammunition.



Products of SSA The major products of        



SSA factory are:



7.62X51mm Ball (NATO) 7.62x 51mm Tracer 7.62x 51mm Link Belted 7.62 x 51mm Blank (Star Crimped) 7.62 x 39mm 9 x19 mm Ball 5.56 x 45mm M855 5.56 x 45mm M-193 There are some different shops in SAA like D-01, D-02, D-04, C-08, C-09 etc. A few of them which were visited by us are discussed below.



D-02 SHOP Product is bullet and case manufacturing



Case Manufacturing



Operations sequence  Brass strip Brass is an alloy of copper and zinc (70% Cu and 30%Zn).raw material for brass is imported from LME (London metal exchange) then it is sent to brass mill where it is melted and strips are made.



 Cupping Cups are cut from the brass metal strip on a press which applies a force a 2 ton pounds to cut the cup and the remaining strip is sent back to brass mill where it is melted and reused.



 Annealing and quality control The cup is sent to heat treatment plant where it is annealed to regain its crystal structure that might be distorted due to cupping .heat treatment plants are electrically operated which has 34 spirals which increase the temp according to our requirement, and in after and annealing the cups are sent to quality check, where the necessary parameters are checked.



 1st draw In this operation cups are drawn in such a way that the length is increased and its wall thickness is decreased.



 Annealing and quality check After 1st draw cups are again annealed and their quality is checked.



 2nd draw Cups are drawn again according to our requirement and again here operations of annealing and quality check are performed.



 Final draw Cups are finally drawn and washed, and again quality is checked.



 Trimming Extra length from the case is removed; mouth tool is used to cut which operates with cam follower mechanism.



 Indenting



Indenting is done on the bottom of the case where cap is to be placed after indenting depth of anvil is checked.



 Heading After indenting, head is made flat on the bottom of the case.



 Stamping, piercing and coning Stamp of POF with its name, date, round size is imprinted on the case and two holes(piercing) is done with very thin needles, in coning the case mouth is made tapered and then the whole case is washed again.



 Semi tip annealing In this mouth of case is annealed on a rotary burner where the mixture of air and natural gas is used to heat the mouth to increase the hardness. Two types of hardness no. are used 1.5 130-160 VPN 1.7 85-105 VPN



 Tapering Overall the whole case is tapered in this operation.



 HTR Head turning and mouth reaming is done at this section. Head is turned and mouth is reamed w.r.t required dimensions. In HTR three types of cams is used (cylindrical, face and edge)



 Tip Annealing In these Operations the whole tip of the case is annealed w.r.t. requirement.



 Rumbling This is a rubbing process where metal to metal contact removes the thermal stress as well as good surface finish is obtained. Rumbling of Bullet is done, with rice pad.



 Final Quality Check After rumbling 100% gauging is done with the help of machine. And also final visualization of each and every piece is done manually.



Gauging Parameters In gauging following parameters are taken in to account:         



Length Fire hole unit Rim Dia Groove Dia Rim thickness Full Form Anvil Depth Cam Chamfer Dia Low Cap Chamfer Dia Length



Bullet Manufacturing Bullet is simple type of projectile, which is given a huge thrust to hit a target.



Material: GMCS(gliding metal clade steel, in clade is 90% cu&10%zn and gliding metal is over clade steel)



steel there pasted



Operation sequences  Cupping Cups are cut from the strip with a force of 4 ton. The cup is sent to heat treatment plant where it is annealed to regain its crystal structure that might be distorted due to cupping .heat treatment plants are electrically operated which has 34 spirals which increase the temp according to our requirement, and in after and annealing the cups are sent to quality check, where the necessary parameters are checked.



 1st draw In this operation cups are drawn in such a way that the length is increased and its wall thickness is decreased.



 Annealing and quality check After 1st draw cups are again annealed and their quality is checked.



 2nd draw



Cups are drawn again according to our requirement and again here operation of annealing and Quality check is performed.



 Final draw Cups are finally drawn and washed, and again quality is checked.



 Trimming Extra length from bullet is removed.



 1st and 2nd forming Here required shape is given to bullet.



 Lead Insertion Here lead core is inserted in the empty bullet.



 Boat Tail After inserting the lead bullet is turned over inside.



 Cannelur Making a tapper on the bottom side of bullet where it will make a grip in the case.



C-08 SHOP A shop in SAA factory which is also known as tool room because the product of this shop is tools, gauges, and all types of measuring instruments. All the master pieces used in D-02 shop are prepared according to the requirements and with high accuracy because the whole D-02 shop depends on the punches, presses, dies and gauges. Material used for manufacturing the parts is tool steel, tungsten carbide, tipped steel and speed steel. Different types of tool steel working is done I this shop.



 Cold work tool steel This working is used when the material is softer and not heat treated.



 Hot work tool steel This type of working is done when the material is hardened and impurities like Cr, Ni, etc so that the material does not losses its properties like hardness.



 Water hard steel



In this type plane carbon steel is used to increase the life time of the sharp edges ,to maintain them for a longer time period and it is cheaper but the problem is that it decarburization happens at the elevated temp.



 High speed steel Cutting tools are made from this type of steel.



 Shock resisting tool steel This type of steel is used where impact loading and unloading occurs.



 Mold steel In this shop three types of operation are used ,firstly the a softer material is taken which is shaped according to our requirement and finally it is treated at an elevated temp and then cooled, cooling may be sudden to increase hardness or slow to increase its toughness, but when its hardiness increases ,its brittleness also increases In these shops two types of machinery is used (i) Soft work machinery Used to shape the softer work pieces (ii) Heat treatments Furnaces are used to heat the parts according to the requirement and then cooling is done in some medium.



Soft work machines  Capstan lathe machine This is an semi-automatic machine and used for the mass production



 Centered lathe It differs from the previous machine that it has tail stock in place of capstan wheel.



 Milling machine Usually gears are made on this machine.



 Slotting machine Used to make a slot where a keyway is to be inserted.



 Drilling machine Used to make a hole in anywhere in the parts.



 Shaping machine Used to make a surface finishing and shape a part.



Heat Treatment After cold working process the material is sent for hardening purposes, so that the material will not deform during working operation where large cutting forces is act upon on it. For hardening purposes we use furnaces that might be electrically operated. Different type of furnaces is,



 Electric Furnace It is electrically operated. In this furnace we put our material in it and kept the temp. almost 700-800oC.In this furnace we use a shielding flame so that air would not be enter in chamber and no oxidation will take place.  Salt Bath Furnace It is also a furnace but the main advantage of it over electric furnace is that (i) Less time is required for heating. (ii) No oxidation takes place. (iii) No deformation takes place during heating.



 Air Circulating Furnace In this furnace working is same as that of above mentioned furnaces but air circulates on regular basis so that hazard dust particles from material surface will remove from furnace to atmosphere and worker will safely continues his work.



Hard Work Machines This is the final stage for hardening and finishing of material.For this purpose we use different types of grinding machine. (i) Surface Grinders (ii) Cylindrical External Grinders (iii) Cylindrical Internal Grinders



 Wire Cut EDM (Spark erosion) Here hard materials are machined. It is electric discharge machine. In it we use cooper wire with zinc coating, which is used as a cutting tool. In this machine we can make complex dies, complex shapes, internal gears, slotting etc. It is very expensive machine and machining cost is very high.



Gauge Inspection Section It is also a part of C-08 shop where samples dimensions are tested. Here different types of measurement devices are used.            



Vernier Caliper Micrometer Screw Gauge Pointed Micrometer Depth Micrometer Ball Box Plunge Gauge Bridge Gauge Ring Gauge Height Gauge Dial Indicator Magnetic Block Dia Test Stand



C-09 shop Product is link belt (integrated and disintegrated) and Packing Carton.



Link Belt: Raw material for link belt is mild steel. This is imported from Kore



Operation Sequences  Blanking In it we cut material from mild steel plate according to our required shape.For this we use punches in our machine.



 Forming Here Blank material is converted in our desired shape.



 Heat Treatment Here electric furnace is used for hardening purposes.



 Rumbling Link are placed in rotary chamber where we use CaCO3 stone`s small pieces to remove dust from links and luster the link surface.



 Phosphating Here links of link belt are coated with black paint to prevent from corrosion. We use FeSO4 solution at 98oC.



 Assembly Here 50 link are assembled together to form a link belt.



 Inspection In this manually inspection of link belt is done.
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INTRODUCTION TO MAA: This “MAA” is the abbreviation of “medium artillery ammunition” and it is one of the huge factories from the fourteen factories of Pakistan Ordnance Factories. The purpose of this factory is to manufacture many products but mainly Shells, Fuzzes, and cases. These products are manufactured in steps, for this purpose this factory is divided into many shops and from them I have visited the following shops; 



Fuze Shop (C-12)







Shell Machining Shop (C-31)







Shell Forging Shop (B-31)







Tool Room (A-30) & (C-35)







Cartridge case Shop (C-10)



FUZE SHOP (C-12) Actually this fuze shop is one of the huge shops of MAA factory; in this shop they made fuzzes of different bombs. A fuze is consisted of 70 components and for making all these components this shop is divided in to many groups, and from them few are single spindle auto group, multi spindle auto group, booster group, capstan group, CNC group, proximity group, secondary group, M 48 group, and surface treatment group. By passing these all groups they prepare the all fuze parts then assemble in its assembly shop. The fuzzes prepared in this shop are fuze BDM534, fuze PIBDM509A2, fuze HE 132 mm, fuze V 19, PA2, fuze V9PIAI, fuze VI9PAA2, fuzePDM557, proximity fuze PFIA, 200mm phalax, fuze PDM739m



and multi option fuze (MOFA). After completion fuzes are checked in inspection shop the se3nt to required shops. Types of machines that are present here are 



CNC Machines







Auto Machines







Sliding Head Machines







Piercing and Blanking



THEORY OF FUZZED SHOP



In this shop fuses are produced that



are



very



important part of tank ammunition,



aircraft



ammunition and other calibers. When



fired shell strikes



its target it is the fuse that blasts the



shell. Fuses can



be set to SAFE or FIRE mode. Fuses



are



divided into two general classes—



mechanical



electrical. These classes only refer to



the



operating principles. They may be



subdivided



their method of functioning or by the



action



initiates the explosive train—impact,



mechanical time,



proximity, hydrostatic, or long delay.



Another



classification is their position in the



bomb—nose,



normally and



primary by that



tail, side, or multi-positioned. MECHANICAL FUSES



A mechanical force (in this case, the



bomb impacting



the target) drives a striker into a



sensitive



detonator. The detonator ignites a



train



explosives, eventually firing the main



or filler charge.



For safe, effective operation, any fuse



(mechanical



of or



electrical) must have the following design features: 



It must remain safe in stowage, while it is handled in normal movement, and during loading and downloading evolutions.







It must remain safe while being carried aboard the aircraft.







It must remain safe until the bomb is released and is well clear of the delivery aircraft (arming delay or safe separation period).







Depending upon the type of target, the fuse may be required to delay the detonation of the bomb after impact for a preset time (functioning delay). Functioning delay may vary from a few milliseconds to many hours.







It should not detonate the bomb if the bomb is accidentally released or if the bomb is



jettisoned



in



a



aircraft.



To



provide



these qualities, a



number of design features



are used. Most



features are common to all



types of fuses.



the



safe



condition



from



ELECTRICAL FUSES







Electrical fuses have many



characteristics



of mechanical fuses. 











They



differ



in



fuse



initiation.



electrical impulse is used



to



electrical fuse rather than



the



action



rotation.



of



arming



vane



initiate



An the



mechanical



An electrical pulse from



the



aircraft charges capacitors



in the fuse as



the bomb is released from



the aircraft.



Arming



delays



and



functioning



delivery



are



produced by a series of resistor/capacitor



networks in the



fuse.



delay



The







is



electromechanically



initiated,



the



closed by means



necessary



of 



functioning



The



circuits



shock-sensitive electric



bomb



fuse



with



switches. remains



safe



until it is energized by the



electrical



charging system carried in



the aircraft.



Because of the interlocks



provided in the



release



electrical



equipment,



charging can occur only



after the bomb



is released from the rack or shackle and has begun its separation from the aircraft; however, it is still connected electrically to the aircraft's bomb arming unit. 



At this time, the fuse receives an energizing charge required for selection of the desired arming and impact times.



SHELL MACHINING SHOP (C-31) This shop was one of the big shops in MAA factory; in this shop I saw the making of Shells of mortar bombs. In this shop they were using conventional machines, CNC machines, and six and eight tools multi auto machines and the material which they were using is “medium carbon steel”. The product carried out in this shop by passing it through different steps. And in last we prepare the shells of mortar bomb and 81 mm he mortar bomb, 81 mm smoke mortar bomb, 105 how take, 30 mm he, 30 mm API, 37 mm he, 23 mm he, 23 mm API, primers, 500Ib bomb and 750Ib bomb. This shop is one of the biggest shops in MAA factory; in this shop different Shells and Mortar bombs are manufactured. In these shop conventional machines, CNC machines, and six and eight tools multi auto machines are used for this purpose. The material used is “medium carbon steel”. Different types of Shells and Mortar bombs produced here are,Shell 105mm HE/HOW, Shell 105mm HE TK, Shell 100mm HE TK, Shell 105mm Smoke, Shell 57mm Anti Aircraft, 81 mm mortar HE bomb, 81 mm mortar smoke bomb, 81mm illuminating bomb, 81MM illuminating green, 81mm illuminating red, 30 mm HE/BALL, Body 81mm INCDY mortar bomb, 30 mm API, 37 mm HE, 23 mm HE, 23 mm API, primers, 500Ib bomb and 750Ib bomb. After the shells are machined they are thoroughly checked by IDA Inspectors, the shells which are passed by the IDA are taken to the Surface Treatment plant where Phosphate (Anti corrosion process) is carried out, then painting is done on the shells. After painting the shells Baking is done in the furnace at 300C. After baking a small machining process is carried out to turn the shells to the final finish. After that the shells are sending to the test fire for their proof firing and finally the shells are sending to the filling factory for ammunitions filling.



Parts of a Shell Bomb are, 



Fuse







Shell







Case







Primer







Magazine







Fins



Types of Machines Installed here are; 



Center Lathe Machine







Capstan Lathe Machine







Turret Lathe Machine







Single Auto Spindle Machine







Multi Auto Spindle Lathe Machine







Cylindrical Grinding Machine







Surface Grinding Machine







Center less Grinding Machine







Drilling Machine







Radial Drilling Machine







Press







Fly Press







Thread Milling Machine







CNC Turning Machines







Four Axis CNC Turning Machine



SHELL FORGING SHOP (B-31) This is a huge forging shop, in this shop the raw material is medium carbon steel and they are purchasing this material from peoples steel mills Karachi. In this shop they are doing rough machining and forging. They are using



Induction type



furnace, and the process carried out in this



shop is;



Induction - Squeezing - piercing - drying Furnace



100-tons



400-tons 150-tons



FORGING



Forging is the term for shaping metal by



using localized



compressive forces. Cold forging is done at



room



temperature or near room temperature. Hot



forging is done



at a high temperature, which makes metal



easier



shape and less likely to fracture. Warm



forging is done



to



at intermediate temperature between room temperature and hot forging temperatures. 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.



SHOT BLASTING



Shot blasting consists of attacking the surface of a material with one of many types of shots. Normally this is done to remove something on the surface such as scale, but it is also done sometimes to impart a particular surface to the object being shot blasted, such as the rolls used to make a 2D finish. The shot can be sand, small steel balls of various diameters, granules of silicon carbide, etc. The device that throws the shot is either a large air gun or spinning paddles which hurl the shot off their blades. The raw material is in the form of rectangular ignites, these ignites are cut by the CNC cutting machine into the required lengths after that those parts are brought to the induction furnace here the material is preheated at temperature 1150C-1250C after that the pre-heated part is draw in the punch and die arrangement and then the part is pierced.



The required length is achieved by passing the part into a set of four dies. In the forging shop the nosing of the shells is made on turning machines by ruff turning. The shells are cleaned by steel shots by blasting at 80lb/in 2 on the parts. After than the parts are send to C-31 for further machining into finished product.



SHELL FORMATION(C-10) This is a production shop in which cases of 105 mm; 130 mm and other medium artillery ammunition are produced. Discs of brass are taken to this shop from Brass Mill. And in this shop these discs are drawn into cups and then further into cylindrical form. Following operations are carried out in this shop:



DISC



These are taken from brass mill. Initial sizes are checked. Then they are ready for draw operations. CUPPING



Discs are lubricated and placed on the die of a mechanical press of 1000 ton. Punch is operated on disc and cups of brass are formed. DRAWING OPERATIONS



In the manufacturing of this case i.e. 130 mm four draw operations are carried out. In each draw operation 40-60 % reduction of wall thickness takes place. INDENTING



This is the operation by which we put a deformation or dent in the dome of job. TRIMMING



Excessive material of job is cut off to get required length. This is called Trimming. Job is held in pneumatic collets and by a simple parting tool this operation is carried out. DEGREASING



Washing & Cleaning: All these operations are carried out for good look of cases. Lubricating materials are removed by Degreasing operation. Inner side of cases is cleaned. HEADING



The semi-sphere like shape of cases is converted into flat shape in this operation called Heading. TAPERING



Mouth of these cases is tapered a little in order to create maximum gas pressure at the time of fire and also to fix the shell. MOUTH REAMING



Very small turning of mouth from inside is called mouth reaming. SHOT BLASTING



Near mouth of case very fine pieces of steel called SHOTS are pasted. This is done by firing these shots from all around the case. This increases the hardness of case near its mouth where the pressure is maximum when shell is fired. HEAT TREATMENT



After each draw operation heat-treatment of case is carried out in order to remove stresses produced during these operations. For this purpose there are ANNEALING plants available in the shop. After each annealing of cases under progress they are washed in pickling plants adjacent to annealing plants. In these plants H2SO4, cold running water and hot water tanks are provided.



CNC OPERATIONS



Following operations are carried out in this m/c: 



Facing.







Drilling the Premier Hole.







Internal Threading in Premier Hole.







Drilling the Flash Hole.







Premier Head Recess.



STAMPING



Stamp is punched overhead. INSPECTION



Final inspection is carried out by I.D.A.



TOOL ROOM (A-30 & C-35) The material, which they were using for manufacturing the tools and gauges, is soft carbon, which they purchase from people’s steel mills Karachi. Actually there were 200 machines from them few were CNC wire cuttings, CNC milling, jig boring, jig grinding, and thread grinding and Electro discharge machines. The tools and gauges prepared by this tool room are go screw plug gauge, screw gauge, thread milling hob, hob, screw ring gauge, go screw plug gauge, tap m 24*0.75, tap m 25.8*2, screw ring gauge, not go screw plug gauge, tap 0.375*36TPI, circular chaser, not go screw ring gauge, go screw ring gauge, screw plug gauge, thread milling cutter and so many others. After manufacturing these tools and gauges there is an inspection department which does inspection then dispatch to other shops for use. Turning



Turning is the process whereby a single point cutting tool is parallel to the surface. It can be done manually, in a traditional form of lathe, which frequently requires continuous



supervision by the operator, or by using a computer controlled and automated lathe which does not. Milling machines



A milling machine is a machine tool used for the shaping of metal and other solid materials. Milling machines exist in two basic forms: horizontal and vertical, which terms refer to the orientation of the cutting tool spindle. Grinding machines



A grinding machine is a machine tool used for grinding, which is a type of machining using an abrasive wheel as the cutting tool. Each grain of abrasive on the wheel's surface cuts a small chip from the work piece via shear deformation.



CARTRIDGE CASE SHOP(C-10) In



this



shop



they



manufacture



cartridge



cases



of



different bombs and the raw material



used for this purpose is



“Brass”. In C-14 they made large



cartridges and all these



processes is carried out through this



process;



draw-bottom press-second draw-final



draw-trimming-



Disc-cup-first



heading-tapering-head turning-round 20mm bullet and hence the required product is ready. Finally there is an inspection department which does inspection then products are dispatch to other shops. And in C-10 they made



the cartridge case of



aircraft anti aircraft ammo and so many



others, from them few



are; 



20mm



craft



ammo







30 mm C-10 shop air craft



ammo







37 mm C-10 shop anti air craft ammo







25 PDR







105 mm C-14 tank shop ammo







122 mm C-14 tank shop ammo







125 mm C-14 tank shop ammo







130 mm C-14 tank shop ammo



C-10



shop



air



GENERAL PROCESS DEFINITIONS  PRESS WORK



Here with the help of different presses different machining operations were being performed like pressing, bending, piercing, blanking etc.Basic concept of these presses uses dies .when pressure is applied on the different sheets or work piece we can get our required features.  CNC OPERATIONS 



CNC operations are same as that I’ve discussed previously.



 HARDENING PROCESS







To remove the internal stresses created as a result of press work the work piece is fed each and every time to the hardening section.
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C-42 SHOP INTRODUCTION:



In bombs and granites section first I visit shop C-42. This shop is basically a foundry shop. Its basic purposes are  Casting  Moulding In this shop both ferrous and non-ferrous materials are used for casting and molding. This shop provides different types of castings and moldings to the departments of B&G.



Casting: Casting is a manufacturing process by which a liquid material is usually poured into a mold, which contains a hollow cavity of the desired shape, and then allowed to solidify. The solidified part is also known as a casting, which is ejected or broken out of the mold to complete the process. Casting materials are usually metals or various cold setting materials that cure after mixing two or more components together; examples are epoxy, concrete, plaster and clay. Casting is most often used for making complex shapes that would be otherwise difficult or uneconomical to make by other methods.



Moulding: Molding or moulding is the process of manufacturing by shaping pliable raw material using a rigid frame or model called a pattern. A mold or mould is a hollowed-out block that is filled with a liquid like plastic, glass, metal, or ceramic raw materials. The liquid hardens or sets inside the mold, adopting its shape. A mold is the opposite of a cast. The manufacturer who makes the molds is called the mold maker . A release agent is typically used to make removal of the hardened/set substance from the mold easier.



Casting Process In C-42: In this shop I saw, core is the basic object which is used for casting process. A core is a device used in casting and molding processes to produce internal cavities and reentrant angles. The core is normally a disposable item that is destroyed to get it out of the piece. They are most commonly used in sand casting, but are also used in injection molding. There are four steps which are included in core making process. 1) 2) 3) 4)



Sand Preparation Core Making Core Baking Finishing & Gauging



1) Sand Preparation: In this shop sand silica is used for core making process. So, this core making is called dry core making process. Composition of core sand is: Sand (silica)



+



Binder







Core Sand



Binder: It is used to give strength to sand. It binds the grains of sand in any shape which is given to sand. Following sand binders are used, which are:  Dextrin  Lanced oil 2) Core Making: In this shop I saw the core making process for 60mmHE. This core is made for gray cast iron casting. I saw a person filled two half cavity portions with sand. After setting time of sand he opens the die and I saw that the impression of die is imparted upon the sand. After this process core baking process starts. 3) Core Baking: After core making process the core is not rigid. Then core is baked in a baking oven at 350®C for 2-hrs approximately. After baking process the core becomes so much hard like brick. For baking whole lot of cores is placed in baking oven. This oven is like case which has different portions. Heat equally passes through each portion.



4) Finishing & Gauging: After baking process, gauging process is done. In this process all dimensions of core are checked. Then for finishing process graphite coating is done on those cores. This graphite coating provides smooth shape to core and it is very excellent heat (temperature) resistor.



Moulding Process In C-42: In this shop molding process also has future three steps. 1) Mould Sand Preparation 2) Moulding of Sand & Pouring 3) Knockout Process 1) Mould Sand Preparation: For mould sand preparation silica sand is used. This silica sand is mixed with different binders which depend upon the strength of mould. Following binders are commonly used:



 Coal Dus  Bentonite  Water 2) Moulding of Sand & Pouring: After preparation, sand is moulded in a sand moulding machine. At this machine sand is heated at 350®C. After setting time the mould is taken out from moulding machine. The colour of mould is blackish in its finish form. Then the metal is pour down into the mould by fixing the cores in the mould. 3) Knockout: After pouring process when the metal is fully moulded, then knockout process is done. In this process the separation of sand from metal is take place. Knockout process is last process of moulding. In this shop approximately 900 to 1800 parts are produced daily.



Other Processes: For the completion of product 60mmHE three more processes are done. Which are: 1) Shot Blasting 2) Grinding (Internal & External) 3) Q-C Checking



1) Shot Blasting: Shot blasting consists of attacking the surface of a material with one of many types of shots. Normally this is done to remove something on the surface such as scale, but it is also done sometimes to impart a particular surface to the object being shot blasted, such as the rolls used to make a 2D finish. The shot can be sand, small steel balls of various diameters, granules of silicon carbide, etc. The device that throws the shot is either a large air gun or spinning paddles which hurl the shot off their blades. The following figure shows shot blasting machine.



2) Grinding:



 External Grinding: External grinding of the metal product is done on duplex grinding machine. This process is done to remove extra material from the surface of metal product. This process is also used to remove sharp edges.



 Internal Grinding: To make the internal cavities finished, internal grinding process is done. In this process small rounded shaped grinding wheels are used for deep grinding. This process removes any extra material present in the internal surface of metal casting product. 3) Q-C Checking: The last process before dispatching the product from C-42 shop is Q-C checking. In this process a high skilled person checks all the dimension of the end product by using different gauges. He also examines the surface of final product to see any defect in the product.



Fettling Process: Once the flask has been cleared from the foundry floor, the founder is left with a cast and attached metal running system covered with spent refractory. If the wax was CORED (to make the cast hollow), there will also be the remains of an internal refractory mass, complete with core vents and retaining pins projecting through cast’s metal surface. The process of removing these now superfluous attachments, and the initial working of the cast, is known as FETTLING. This process includes following operations:    



Cutting Swing frame grinding Finish grinding Shot blasting



Departmental Production of C-42:



In this section the spare parts are produced for different shops of POF. All the work is done in this section is manual. In this section moulding and casting foundry is divided into two sections.  Non-ferrous Foundry  Ferrous Foundry Non-ferrous Foundry: In that foundry following materials are under used (for casting & moulding): a) Aluminum b) Gun Metal c) Other different Alloys



In that section crucible furnace is in use to melt the non-ferrous materials. Its peak temperature is 1100®C.



Ferrous Foundry: In this section only casting/moulding of ferrous materials is done. In this foundry the furnace is used to melt ferrous materials is induction furnace. Its capacity is form 250kg to 1ton. This furnace is single channeled.



After these machineries I saw some other machinery in C-42 foundry shop:   



Mould Stove Its maximum temperature used for heating is 350®C. it is a very slow process of heating. In this stove large melting type production process is done. Electric Arc Furnace This furnace is operated by electric arcs. Its capacity is 5-tons. Its peak temperature is 1600 ®C to 1700®C. Annealing Furnace This furnace is used for annealing of metal products. Its peak temperature is 750 to 1000 degree centigrade.



Mould Stove



Electric Arc Furnace



********************************



B-40 SHOP Introduction: B-40 shop is basically machining shop. In this shop the casted parts from C-42 shop come for machining purpose. In this shop all finishing processes are done on the casted product (come from C-42).



Major Operations Done in B-40: The major operations which are performed in that shop are:          



Dia Turning (Rough & Finish) Drilling Chamfering Grooving (Rough & Finish) Threading Rough & Finish Turning Edge removing Stamping Gauging Painting



Stepwise Operations: The sequence of operations done in B-40 is: 1- Casting received from C-42 2- Rough dia turning 3- Tail side facing



4- Boring 5- Chamfering 6- Fuze side chamfering 7- Rough grooving 8- Cylindrical dia turning 9- Final groove burled dia turning 10Rough turning tail side profile 11Finish turning tail side profile 12Tape fuze end 13Tape tail end 14Re-stamp 15Cleaning with air blow 16Q-C inspection (body weight 880 to 930 grams) 17IDA inspection (length 130mm) 18Lot Marking 19Pressure test (90kg/cm2 in 10sec) 20Knotching 21Degreasing & Phosphating 22Cleaning 23IDA inspection 24Assembly (Body & Tail unit) 25Varnishing (Internal) 26Painting (External) 27IDA final gauging



Main Machinery In B-40: 1) 2) 3) 4) 5) 6) 7)



6-spindle Multi auto Machine Copy Turning Machine Copy Lathe Rough Finish Turning Machine Capstan Lathe Shearing Machine Drilling Machine



6-spindles multi auto machine



Copying Lathe



Capstan Lathe



Shearing



Machine



Drilling Machine Lathe



Copy Turning



C-30 SHOP Introduction: The main product of this shop is ANTI TANK RPG-7. This is a 40mm Rocket Heat with weight 2.2kg. A Rocket-Propelled Grenade (RPG), or Rocket Launcher, is any hand-held, shoulder-launched anti-tank weapon capable of firing an unguided rocket equipped with an explosive warhead. RPGs are very effective against unarmored or lightly armored vehicles such as armored personnel carriers (APCs). All parts of RPG-7 are manufactured here in this shop. An RPG comprises two main parts: the launcher and the rocket, which is equipped with a warhead. The most common types of warheads are high explosive (HE) or high explosive anti-tank (HEAT) rounds. These warheads are affixed to a rocket motor and stabilised in flight with fins.



Assemblies & Their Further Partition: There are five assemblies involved in the manufacturing of RPG-7.



1- War Head: Its further parts are:  Body war head  Fairing  C.C cone  Funnel S/A



2- Nose Fuze Assembly: Its further parts are:  Contact-1  Contact-2  Contact-3  Firing pin  Outer shell  Nut  Safety pin  Safety cap  Body  Body fuze  Slides  Insulating disc  Plunger  Shield  Plastic ring



3- Rocket Motor Tube: Its further parts are:  Nozzle  Diaphragm  Base



   



Stop Compression ring Retainer Washer



4- Expelling System: Its further parts are:  Cross piece  Fin pin rivet  WAD- turbine  Washer  Nut  Tracer cap  Propelling charger



5- Base Fuze Assembly: It is single assembled part. It has not further any partition. It is present at the back of RPG-7.



Main Machinery Used In C-30:    Two Roller Flow Forming Machine: It is basically a NC-machine. It is imported from Germany. Mandrels are used for flow forming of war head cups. The shape of cup is controlled by a copy pattern. On this machine ferrous and non-ferrous both materials are employed. Flow forming is a surface finish process. Commonly in C-30 these materials are used on this flow forming machine: a) Aluminum b) Copper c) Mild steel.







Capstan Lathe: Capstan lathe is basically used in this shop for machining purposes. Following processes are done on this lathe: a) b) c) d) e) f) g)



Trimming Dia turning Groove threading Outside dia turning Parting Taping Tapering



I saw different gauges are present on the lathe work place for checking:  External thread (go and not-go gauges)  Internal threads of groove (go and not-go gauges)  Different heights (height gauges)



   Fin Press (STRID) On this press fins are manufactured by using punch and die mechanism.



   Milling: There are three types of milling processes are done in this shop, which I personally saw. These processes are: 1) Taper milling 2) Nozzle forming milling 3) Turbine milling



   Ribbing Press:



On this press ribbing forms are made on the surface of war head cups. For this purpose a 50 ton press is used. In this process the die makes ribs on the surface of war head cup.



***************************************
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INTRODUCTION TO WEAPONS FACTORY Weapons factory is one of the huge factory from these fourteen factories of Pakistan Ordinance Factory, and the purpose of this weapon factory is the make the guns for fulfilling the requirements of Pakistan armed forces. Their main products are; Automatic riffle G3A3, G3A4,Sub machine gun MP5A2/MP5A3, Sub machine gun SMGPK, Sub machine gun PK-7, and Machine gun MG3. For fulfilling all these requirements this weapon factory is further divided in to many shops and from them I have visited the following shops.



INTRODUCTION TO SHOP C-24



(PRESS SHOP)



The purpose of this shop is to press and prepare the required products and for that purpose they are using machines from 25 to 900 tons, this shop is further divided in to three portions;  Press  Final Press  Millings, drilling, welding, press welding, spot-welding. By passing these portions they are making their products and the process carried out in this shop are; shearing, blank W-5, bending W-10, piercing W-15, stamping W-25, W-35 and bending and piercing and cutting W-40, Trimming W-15 and W-50, bending W-55, folding front side W-60, piercing W-70, folding rear side W-65, stamping w-65.



INTRODUCTION TO SHOP C-23



(AUTO BARREL



SHOP) This shop is also named as (C-23), and in this shop we make barrels of different guns from them few are; MP5, G3A3, Snoper18@*500 long, 12 gauge shotgun barrel, spotter barrel, 5.56barrel 4 Grover, G3K barrel 12.4”, 0.30” Bore pistol barrel etc. And for making these barrels they use nickel chromium steel material. Sir in this shop they have single auto and multi auto machines, like lathe, drilling, turning, and grinding etc and in this shop they also have CNC machines used for more accuracy. Sir their main product was machine gun (G3A3) and for making its barrel they have to perform 54 operations on them, few of them are; parting of rod, both sides facing and chamfering, drilling, plane turning, plane grinding, reaming or drop boring, honing, hammering, block setting, length parting, CNC turning, profile turning, bore state, final group (chamber), broach and diameter, middle diameter,



muzzle diameter, chamber, reaming, chamber polishing and then the barrel of G3A3 is ready for dispatch to other shops.



INTRODUCTION TO SHOP C-26 & C-20 (WOOD SHOP & PLASTIC SHOP) The C-20 shop is wood working shop here two parts of a gun are manufactured but due to change in technology these parts are not manufactured . The parts of a gun made here are,  Butt Stock.  Fore Arm. Machines Installed here are, 1) Mortizing Chain Machine. 2) Planner Machine. 3) Band Saw. 4) Circular Saw. 5) Cross-cut Saw. 6) Drill Machine. These parts of a gun are now manufactured by the plastic technology. In C-26 Plastics Shop, butt stock and fore arm of a gun are made by plastic. Plastic grains are first made moisture free and then send to the Injection Molding Machine NC2 in which die assembly is used and grains of plastic that are soften at temperature of 200C-260C are injected to the die and the required shape is achieved.



INTRODUCTION TO C-21 SHOP



(HEAT



TREATMENT SHOP) It is a heat treatment shop. To achieve required mechanical properties of materials heat treatment is carried out. Following processes are carried out in it:  Annealing.  Brazing.  Hardening.  Partial Hardening.  Polishing.  Shot Blasting.  Carbonizing.



Following types of furnaces are working in this shop:



 Annealing & Brazing Furnace: Source of heat is gas. Range of furnace is from 300 to 1200 deg C. components are loaded on conveyer belt and are received from other end. Time selection and speed of conveyer belt depends upon type of component.



BRAZING: It is the operation in which a special material called FLUX is attached on its surface. Flux is such a material that does not allow oxygen particles to enter the material. Solders are those materials that are used to attach flux on surface. Flux is placed on material and then on it we put solders during similar process of annealing Brazing is carried out.



ANNEALING: The purpose of annealing is to soften the metal, to refine the grain size, and to relieve the internal stresses. In this process the material is heated above its upper critical temperature, holding it at this temperature for sometime and then cooling slowly at this temperature.



 Chamber Furnace: Electric heating elements are used to produce heat. Temp ranges from 200 to 1000 deg C. In this furnace we carry out:



CARBONIZING: Components that are to be carbonized are packed in boxes having ball shape coal or coke (Carbon Shots). Then these boxes are sealed with clay. Then put in the furnace. Time and temp is dependent of components. After required time boxes are taken out of furnace and placed in open atmosphere. After cooling components are taken out of boxes. On the surface of components % of carbon has been increased and now its hardening is carried out.



 Brinnel Hardness Test Machine: HARDNESS: The main objectives of hardening are to increase the hardness of metal so that it can resist wear, to enable it to cut other metals, to make it suitable for cutting tools.



After hardening operation testing of components is carried out. With a specific load a dent is put on surface of component. Then with microscope its dimensions are noted and then hardness number is calculated.



 High Frequency Furnace: (700-800MHz, 6V): It is an electric m/c that uses high frequency electric supply. For different components different coils are used. It is used for heat treatment of partial component. In a few seconds component is given the required temp and then cooled for annealing or hardening. Brazing can also be carried out on it.



 Shot Blasting: Small pieces of steel are fired on components. These pieces of steel penetrate on the outer layer of components. This increases the hardness of components as well as provide seat for phosphating material and avoid rusting.



 Cyanide Salt Bath: Following salts are put in the furnace:  C-3  C-5  GS-540 Electric supply is used for heating. Case hardening is carried out on this furnace .



 Semi Cyanide Salt Furnace: Following salts are put in the furnace:  C-5  GS-660 It is direct hardening furnace. Components that are carried out from Case Hardening are taken to this furnace for hardening. Quenching temp is 170.



 Phosphating Plant: This plant is consisted of following tanks:    



Cold Water Tanks Hot Water Tanks Dry Tanks Phosphating Tanks



 Sulphuric Acid Tank  Degreasing Tank  Oil Tank Components are phosphated in the following way: Components are lifted in lifting crane→Put in cold-water tank→In hot-water tank→In Phosphating tank for 30-min→In-sulohuric acid tank→In phosphating tank for 30min→In hot-water tank→In cold-water tank→In dry tank→In oil tank.



 Painting Plant: It is an Electro-static Auto Spray Painting Plant In a closed chamber Painting is carried out from all directions and then components are taken to Oven by automatic conveyer belt. Components are kept in hot oven for specific time.



INTRODUCTIO TO C-22 SHOP



(MACHINE



SHOP) This is a production shop in which different small parts of different guns are manufactured. It is divided into groups such as A, B, C etc. Hammers of gun G-3 A-3, recoil spring tools springs and magazine catch levers of different guns are made here. CNC machines are not available in this shop. Only N.C and manually operated machines are present. We see production of following three parts in this shop:



1) Recoil Spring Tool: Different types of springs made in this shop are:



 Form Spring  Torsion Spring  Compressive spring  Tension Spring Rods with drilled holes are taken to this shop and following machining is carried out:



 Parting off: Rods are first cut to get the required length of the job.  Annealing: To get the uniform nature of material it is annealed.  Grinding: Now these pieces are taken to center less grinding m/c to get finishing of the surface.  Punching: Now it’s taken to press m/c. On one end collar is produced.  Capstan lathe m/c: On this m/c following two operations carried out:    Reaming: This is the finishing operation of holes. It cuts very small layer of metal and produces a very good finish.    Chamfering: It is a tapering operation of corners of job. Here we produce chamfering on both sides of drilled hole but of different length.  Center lathe m/c: On this m/c step turning of the job is carried out.  N.C copying m/c: All final operations are carried out on this m/c. A similar shape to desired one is fixed on m/c and copying tools guides the cutting tool in order to get the required shape. Now recoil spring tool has been completely manufactured.



2) Magazine Catch Lever: After casting, its initial form is taken to this shop and then following operations are carried out in this shop:  Drilling: Holding the job in jig through out hole is drilled in the job of portion that is drum type. This operation is performed on 3-spindle drill press.  Reaming: After drilling hole is reamed to get it smooth on same m/c.  Collar making: Using the drill press as a milling m/c by using milling (hollow face) cutter collar is made around drilled hole on both sides.  Length control at collar: Milling operation carried out by cutting excess of material over collars controls length of hole.  Milling: The rectangular flat surface is milled to give it small size.  Slotting: A slot is made on tongue of the job.  Drilling: In the slotted portion a small hole is drilled on drill press.  Chamfering: Using drill press chamfering is made around drilled hole.  Milling: Holding the job in jig Cam is made using milling m/c. Now magazine catch lever has been completely manufactured.



3) Hammer: This is the striking part of any rifle that strikes over fire pin. This is the manufacturing detail of G-3 A-3 gun. Initially forged components are taken to this shop i.e. C-22B. Then following operations are carried out in this shop:  Drilling: Initial drilling of 5 mm dia. Then 5.8 mm.  Reaming: Reaming the previously drilled hole on head side.  Rear form milling: By form milling cutter, cutting at the rear side of job.  Front form milling: By form milling cutter to cut front side of job.  Head form milling: Similarly with form milling cutter milling of head including two steps.



 Copy milling: Grooving two teeth like sharp grooves in this step on the periphery of head. With side and face cutter milling of head portion on partial circumference of head is also carried out.  Concave milling on both sides: Now on bally of job milling by T-slot cutter on both sides of job is carried out.  Notching: Cutting and Edge making of the teeth like grooves on head with the help of slitting saw of types, rear notching and front notching.  Convex milling on tail: This form milling using form cutter.  Drilling & Reaming: Now drilling partial hole on necking area of job then its reaming is carried out.  Drilling & counter sinking: In partial drilled step in above step hole of 2.35 mm dia is drilled and then its counter sinking is carried out.  Hardening: Now it is hardened in heat treatment shop.  Q.C inspection: Gauging and visual inspection is carried out.  Honing: Due to hardening variation takes place in sizes thus honing is carried out. It is the process of getting the actual sizes.  Phosphating & Polishing: These are carried out to avoid rusting.  Finishing (grinding): This is done to get finished job. Now hammer has been completely manufactured.



INTRODUCTION TO B-20



(ASSEMBLY SHOP)



The purpose of this shop was to assemble the parts of gun and make a complete gun, the products of this shop was; Automatic riffle G3A3, Sub machine gun MP5A2/MP5A3, Sub machine gun SMGPK, Sub machine gun PK-7, Machine gun MG3.MG3 is a Spanish technology and has a rate of fire 1150 +–150 , and a accuracy of 100m.It has a life of 16000 rounds.G3A4 is a German technology ,it has a magazine with a capacity of 20 rounds.MP5 is another gun with similar characteristics has a bullet size of 19mm and a accuracy of 300m. Actually this shop was further divided into B-20 and B-22. And in this shop there were six sub assemblies, which assemble six parts of gun then these six sub assemblies are assembled to make a complete gun. The names of these six assemblies are; a) System complete b) Butt Stock complete c) Piston grip complete



d) Butt Head carrier complete e) Magazine complete f) Fore arm complete After assembly the guns there is a proof range in which each gun is checked properly then packed and dispatch to Pakistan armed forces.



Parts of Different GUNS



MG3 COMPONENTS:Grip flank “L” ,Cocking lower ,Grip flank “R” , Sight support Barrel stop ,Thrust block, Bolt housing, Ramp, Sight leaf ,Receipt for cocking, Transport lever, R.F slider outer, Eject rod, B.F slider inner, Gover gatch, Angle, Flat spring, Base of rear side, Flap, Flank reinforcement “L”, Spring gap.



MG3



G3A3 COMPONENTS:Bottom plate, Ejector, Magazine catch, Trigger housing, Buffer housing, Leaf spring, Eye bolt etc.



G3



MP5



COMPONENTS: Release lever Trigger safety pin Ejector Clip Sling hook



Plate Support plate MP5 SUBMACHINE GUN MP5 pistol 30 bore The MP5 is a 9mm submachine gun.



Tests Performed on each Gun. After the complete assembly of guns certain tests are performed on each gun which determines their full working capacities and functionality. These tests are,  Pressure Proof Test.  Functioning Test.  Accuracy Test.  Depletion Test at 70C  Cold Chamber Test at -40C.  Mud Test.  Interchangeability Test. ***********************************



AT THE END I’LL THANK TO ALL STAFF MEMBERS, WORKERS AND OTHERS WHO HELPED ME TO GET SUCH A GREAT EXPERIENCE FOR MY PREPROFESSIONAL LIFE. ***********************************
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