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Course: AG-AMII-01.422

Agricultural Mechanics II

Unit 6:
Metal Fabrication

Lesson 2:
Using Stationary Metal Working Equipment

Georgia Performance Standards: 
AG-AMII-6 d
Academic Standards:                        ELA9RL5, SPS5, SPS7
National Standards:

Objectives: 

1.
Use metal working equipment for shaping, bending and cutting as described by the manufacturer.

Teaching Time:
Classroom:
2 hours

Laboratory:
4 hours
Grades: 9-12

Essential Question: How do you use metal working equipment to shape, bend, and cut metals?
Unit Understandings, Themes, and Concepts: Students will learn the different functions of metal working equipment.
Primary Learning Goals: Students will be able to utilize metal working equipment as described.
Students with disabilities: For students with disabilities, the instructor should refer to the individual student's IEP to insure that the accommodations specified in the IEP are being provided within the classroom setting. Instructors should familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation within any given instructional activity or requirement.

Assessment Method/Type:

____ Constructed Response

____ Peer Assessment

_X__ Combined Methods

____ Selected Response

____ Informal Checks



____ Self Assessment
Powerpoints:

Aspects%20of%20Safety%20and%20Health%20in%20Metalworking
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Materials and Equipment:
Metals

Drill Press




Band Saw

Grinder

Metal Shear

Iron Worker

Georgia Performance Standards: 
AG-AMII-6 d
AG-AMII-6:  Students will cut metals, join metals, condition tools, and utilize materials used in metal fabrication


d.
Use metal working equipment for cutting as described by the manufacturer.

Academic Standards:                        ELA9RL5, SPS5, SPS7
ELA9RL5 The student understands and acquires new vocabulary and uses it correctly in reading and writing.

SPS5 The student compares and contrasts the phases of matter as they relate to atomic and molecular motion.

SPS7 The student relates transformations and flow of energy within a system.

Teaching Procedure


1. Discuss and demonstrate the safe, proper use of each piece of equipment. 

2. Give students a list of steps to operate each piece of equipment.

3. Have students take a safety test on each piece of equipment. 

4. Have students demonstrate the safe, proper use of each piece of equipment. 
1. Developing a Safety Culture

a. 
Many D & T processes are very hazardous, so it is important to take health  and safety seriously. It is best to include the fundamental principles of health and safety into the formal lesson plan. One of the primary aims of D & T should be for pupils to develop a positive attitude to safety and a sense of responsibility for themselves and others.

b.
Pupils must be taught by example to be aware of hazards in the workshop, and shown how to work sensibly and safely. Workshop rules must be in place, and the reasons behind them explained. Notices and posters should be posted conspicuously to remind everyone of the rules. The most commonly used system is to include the workshop rules into introductory lesson plans.

c. 
Safety standards need to be higher than industry, because of the potential immaturity and inexperience of young people. Good supervision is critical. Staff (and especially Heads of Department) should keep themselves up to date.
Lessons should be planned, organized and controlled so that as far as is reasonably practicable, the risk of injury is minimized. Staff who use equipment covered by legislation must have done the appropriate machinery and process safety training.
2. Workshop Layout and Housekeeping

a. 
The safe use of workshops and craft areas is dependent on the

layout  of machinery, conditions of floors, storage and delivery arrangements, environmental considerations, pupil ability and the training of staff.

b.
 Careful planning of layout, defined zones of work, and minimal travel distances for stored materials and tools, can improve both efficiency and safety. Adequate space between machines and clearly marked areas between work zones allow for greater ease of movement, less distraction and improved supervision.

c. 
Keep floors in good condition, and free of obstructions. Some floors can become burnished and slippery with sawdust and shavings. Cleaning up of off cuts, sawdust, shavings, swarf and spillages is an essential part of the lesson, and should be performed frequently. It might be necessary to provide anti-slip pads or other floor treatment to give good protection. On no account should duckboards, or other obstructions be used on the

floor as these can create a tripping hazard with probable serious consequences around moving machinery.

d. 
Materials and partly finished work should be stored carefully. Racks, shelves and fittings need to be robust, and appropriate for storing lengths of timber and metal section,

especially when stored horizontally as projecting cut ends can cause serious and painful injuries. There must also be adequate storage for clothing, bags etc, while pupils are in the

workroom. They must not be allowed to cause obstructions on the floor or block exits. Tools should have proper storage places, and pupils should be required to return all tools.
3. A Safe Environment

a.
Heating and lighting: Workshops should be kept sufficiently warm. Cold tools and cold hands make for reduced dexterity. Good lighting is also very important, and light sources should be kept clean and well maintained. Workshop layout should take into account light sources including natural light. Flickering lighting can produce a stroboscopic effect which may cause high speed cutters to appear stationary. In some workshops it may be necessary to introduce localised lighting where fine work is necessary.

b. 
Ventilation: Adequate ventilation is necessary in all workrooms, and in many cases open windows will provide enough natural ventilation. Processes producing fine dust will usually

require specific extract ventilation to the area concerned, and some machines need special adaptation and accessories to collect dust, shavings and reduce fumes. Heat processes, such as brazing, soldering, welding and casting, as well as certain work with plastics, adhesives and solvents, require local exhaust ventilation. It is a legal requirement to have powered ventilation systems thoroughly examined every 14 months by a competent person. Periodic checks must also be done by school staff – A weekly visual check of flow rates for fume and dust extraction systems would be appropriate. The Science Department should have a flow-meter available. New extraction systems installed should be handed over with a commissioning certificate showing design and installation flow rates.

c. 
Noise: Exposure to loud noise can damage the hearing. The Noise 
at Work Regulations 2005 state that a noise risk assessment is needed if noise levels are above 80dB(A) when averaged over an 8 hour working day. This level is unlikely to be reached in school

workshops. However, there is a requirement to supply hearing protection for any noise above 85dB(A). If you need to shout to make yourself heard over the noise of machinery, it

is likely that hearing protection will be necessary. Technicians or 
anyone preparing raw materials on machinery like circular saws on a regular basis must wear hearing protection to minimize the chance of suffering hearing damage. This hearing protection should be provided by the premises management.

d. 
First Aid: Every workshop and practical area should have its own first aid box. This must be in an accessible location identified by a clear sign, and the first aiders identified by name. The contents of the first aid box must be kept up to the standard. It is a good idea for D&T teachers to be trained to basic first aid

(Emergency Aid) standards, and that there are emergency arrangements to deal with serious injuries.

e. 
Fire precautions: Clear practical fire instructions must be posted in each workroom, and routine fire drills must be held and recorded at school at least once each term. Fire

fighting equipment must be available as required by the contractor and the school’s fire risk assessment. The fire alarm should be audible above the sound of equipment, and a plan should be made to alert those wearing hearing protection. D&T areas usually havemany sources of ignition and fuel, and fire precautions must be taken seriously. Chapter six of this handbook has more guidance on fire precautions.

d. 
Signs and notices: The Safety Signs and Signals Regulations 
require signs to be posted where other measures have been put in place, but there is still a significant risk, and a sign will help control that risk. The signs and what they require should be explained to pupils as part of induction to the D&T area. 

Types of signage and can range from protective clothing signs to dangerous machinery signs. Pictograms are preferable to written signs as they communicate more effectively.

e.
 Electrical safety: 

Equipment needing more than 13 amps and/or 240 volts should be connected to the fixed wiring system, through a properly sited

armoured electrical connection which protects the wiring. There should be a single, clearly labelled and lockable isolator switch for all circuits to fixed equipment and sockets in the work room (excluding lighting, heating and cleaner’s sockets). Fixed equipment should all have mains switches safely accessible by the operator, and all controls must be not more than two metres from their machine. Both fixed and portable equipment must be tested

periodically by a competent person.
4. Protective Clothing and Equipment

a.  
Machines and processes should be designed to contain any harmful substances or flying objects as much as possible, but protective clothing and equipment is still essential for some work. The risk assessment for each D&T process must include any protective

clothing needed, based on industry standards, and supplier information. Protective clothing and equipment must also be stored carefully and kept in good condition. It is important that

pupils come to see the use of protective equipment and clothing as normal. Teachers must lead by example.

b. 
Eye protection: Appropriate eye protection must be worn for any work where there is a risk of flying particles. Goggles, safety glasses or visors of the proper type and grade must

be available. They must be stored carefully and checked regularly for damage. Records of inspection should be kept. 
c.  
Dust masks: Some timbers and plastic materials can produce irritant dusts when being machined or abraded. Certain hardwood dusts are classed as carcinogenic: Beech, South African Box, Iroko, Western Red Cedar, East Indian Satin, Oregon Pine, East African Camphor and Ebony. Certain plywoods, chipboards and MDF contain resins and hardeners, and timber that is pre-treated with preservatives can release toxic substances during machining. It is important to minimize dust levels when working with these materials. Exhaust ventilation is the best way to do this. Dust masks should be available for sanding work with any wood, even where exhaust ventilation is available. This is particularly important for technicians and other staff who can spend a lot of time on preparing materials. 

d.
 Footwear: Only enclosed shoes should be worn for practical work. Pupils in open-toed footwear or sandals should not be allowed to take part in activities where there may be a risk of foot injury. Trainers can be acceptable depending on the risk. Purpose made

foundry boots must be worn for casting activities. This is likely to restrict the actual pouring and casting work to teachers only.

e.  
Protective clothing: It is essential for pupils to wear appropriate protective clothing for all workshop activities, and in particular ensuring that ties, cuffs, sleeves and hair are not likely to become entangled with moving machinery. Damaged protective clothing should be repaired or replaced as soon as possible. Jewellery that could become entangled or cause injury should not be worn. For foundry work, protective helmets with visors, leather aprons

and gloves designed for the task must be worn by those taking part. Some types of hair setting gels and sprays are flammable, and there is a risk of burns when working with naked flames.

f.  
Gloves: Industrial type gloves must be worn when any work involves handling heavy items or sharp edged materials. Gloves must NEVER be worn when operating rotating or reciprocating machinery, such as drilling machines, as the risk of hand injury is seriously increased. Heat resisting gloves must be worn in heat processes, and appropriate PVC or polyethylene gloves are necessary when handling chemicals. If in doubt, get advice from

the manufacturer.

5. Manual Handling

a. 
Many accidents happen each year because of manual handling, especially where heavy or awkward loads (i.e. large wood sheets) need to be moved. The Manual Handling Regulations say that the need for moving heavy or awkward objects should be designed

out wherever reasonably practicable. Where manual handling is unavoidable, there must be a risk assessment.

b.  
A general manual handling risk assessment should be in place for 
every D&T area. A good manual handling risk assessment covers the following four issues:

Tasks: Which tasks involve potentially hazardous manual handling? Can the tasks

be avoided, or adapted to reduce the chances of injury or accident? Can equipment like trolleys and sack trucks be used? Do some tasks need to be supervised, or controlled by a standard procedure or rules?

Loads: Are there any things that need lifting or moving that are very heavy, bulky, awkward, hot, sharp, or potentially dangerous in some way? Can these loads be made less hazardous / lighter?

Environment: Is there enough space for the manual handling task? Are there trip and slip hazards? Is there space to store the loads? Is there enough lighting? Does the layout of the room and equipment make tasks easier or more difficult?

Individuals: Are some individuals more likely to get hurt by trying to lift or move certain loads? Do some individuals need extra supervision? Is everyone aware of good lifting techniques? Is there a need for manual handling training?

c.  
The following is a guide to good lifting techniques. This should be followed by all staff and pupils when lifting, and taught as part of good basic workshop practice:



Always use lifting aids and trolleys where appropriate.

Plan the lift, including the route and where it will be put down.

Never try to lift a load beyond your physical capabilities - always get help.

Test one end of a load before lifting.

Stand with feet shoulder width apart, close to the load.

Bend your knees and hips, not your back.

Get a firm grip using all the hand, not just the fingertips.

Keep your back straight, and lift using the leg muscles.

Make sure you can always see over the load.

Make sure that both ends of long materials are controlled.

Whenever possible delivery entrances should be ramped to give easier access to trolleys.

Specific Issues for Machine Tools

1. Good Practice for Machine Tools

a. 
Machine tools are hazardous if not used carefully. Slow and fast moving parts and cutting edges can cause serious injury. Over-confidence, unfamiliarity with use and lack of concentration are the main causes of accidents.

b.
The following is a list of good practice guidelines to minimise the risk of accidents and injuries while using machine tools.

Circular saws, narrow band saw, planer thicknessers) should have a rundown time of less than 10 seconds. This should be checked and recorded. Any machines over running must be identified and not be left unattended during use and rundown.
Teachers must always check all work and tools before a   machine is switched on.

Tools should be sharpened so they break swarf into small pieces.

Check that correct cutting speeds are always selected.

Remove spanners, chuck keys etc. and secure work pieces firmly with guards in place before switching on the machine.

Lock off the whole circuit when the workroom is not under the direct supervision of a teacher.

Record regular checks of all emergency stop switches, isolators and the signs that indicate their position.

Analyze machine work in the lesson plans and include all safety procedures to increase pupil awareness.

Limit pupils to one operator per machine only. Observers must stand well clear, and not distract operators.

Show pupils how to isolate machines before cleaning or making adjustments.

Clean machines regularly, using small brushes, never cloths or hands. Clean up any oil or water spills immediately.

Machinery must never be operated by anyone who is, or might be, under the influence of alcohol or drugs.

When a teacher is operating a machine tool, someone else should be present in the workroom to supervise the pupils, so the teacher is not distracted.

Machine operators must be able to lock the isolator switch of the machine in the ‘OFF’ position.

Only purpose designed machines are allowed in the school workshop, and not modified, dual-purpose or multi-purpose machines, or vertical spindle moulding machines.

Hand-held power tools like chainsaws, circular saws, routers, disc sanders should only be used if staff are trained and competent.

Guarding

a.
 Strict guarding requirements must be followed for all machines. 

b.
Guards must be robust and securely fixed to the machine. Adjustable guards must be kept in good condition, so that adjustments can be made easily. All drive mechanisms, i.e. belts and pulleys or gears and shafts, and any access tunnels to

them must likewise be totally enclosed by fixed guards that need special tools to remove. Guards should be included on a periodic machinery check list.

c.
 D&T teachers should have up-to-date detailed knowledge of the guarding requirements for each machine. 
3. Metalworking Machines: Specific Guidance

a. 
Centre Lathes: A chuck guard must be in place during operation, and operators must wear suitable eye protection to protect against flying splinters. Drive mechanisms should have fixed guards. The spindle mandrel should also be guarded, and material should never project through the hollow mandrel of the

headstock. The aperture in the headstock should be blanked off to prevent this. The chuck key, preferably self-ejecting, must always be removed before starting the machine. Kerf should never be removed by hand but by hook or rake when the machine is at rest. Tools and accessories should be positioned so that the

operator does not need to reach over the machine to select them. Operators should wear substantial footwear, close fitting sleeves and cuffs, and long hair tied back. Lifting equipment should be provided for larger pieces.

b. 
Shearing and cropping machines: Shears should have the handles removed or the blades locked when not in use. Guillotines must be suitably guarded so that it is impossible for finger tips to reach the blade during operation. Cut pieces must be removable from the rear of the machine without risk of contact with the blade.

Operators must wear suitable gloves to protect the hands from the cut edges of material.

c.  
Drilling Machines: All parts of the drive mechanism, i.e. pulleys, belts and gears, must be totally enclosed by fixed guards, with a positive fixing. A chuck guard which can be easily adjusted must always be used. Guards should be kept clean so that vision is not impeded. Always choose correct drilling speeds for the material

being worked, according to machine suppliers / manufacturers. Work should be securely held in a machine vice, clamp or clamping kit. The chuck key, preferably self-ejecting, must always be removed after use and before starting the machine.

Drill bits must always be kept sharp, and ground to the correct angles to avoid shattering the drilled material. Long lengths of kerf removed frequently. Operators must wear eye protection, gloves, substantial footwear, tight clothing, and long hair should be tied back.

d. 
Grinding and polishing machines: Grinding wheels must be guarded to the requirements of the Abrasive Wheels Regulations 1970 and the new regulations (PUWER ‘98). A poster can be displayed in the workshop to clarify this. This includes the enclosure of as much of the grinding wheel as practicable, and the

fitting of a correctly adjusted workpiece rest. The gap between this and the wheel must not exceed 3mm. Grinders should only be used by trained staff. The wheel should be checked for cracks and be properly maintained. Avoid grinding on the side of the wheel. The safe working speed should be marked on the wheel, and the maximum spindle speed marked on the machine. Dual purpose grinding and polishing machines are not recommended. The operator must wear impact-grade goggles. There must also be a screen over the wheel, to protect people nearby from sparks and debris. Spindles and unprotected spindle ends of polishing and

buffing machines must be adequately guarded by sleeving or other suitable covering.

e. 
Milling machines: These are classed as dangerous and must only be used under close competent supervision. Milling machine cutters must always be guarded as completely as possible to suit the cutter being used and the operation being carried out, but without impairing vision. Guards must be adjusted for each operation, and particular care is necessary to protect the underside of the cutter on horizontal machines when the work is traversed to and from the cutter. Work must be securely fixed or clamped to the machine table using a machine vice or suitable

clamping plates. The machine must always be isolated while work is being set up or while a cutter or arbor is being changed. Cutters must be kept sharp and in good condition. Any that are damaged should not be used. Kerf should be removed frequently using a suitable brush or kerf rake, when the machine is stationary.

Cloths should never be used for this purpose. Gloves can also be hazard in these situations.

f. 
Other metalworking machines: A variety of other machines, such as shapers, finishers, power hacksaws and bandsaws, may be used in schools. In each case the general principles of guarding, suitable clothing, eye protection etc. should be applied. Teachers using or supervising the use of all machines should themselves

have had specific training in the correct use of the machine. Where there is any doubt about the safety of any particular machine or workshop activity, get advice!
From Wikipedia, the free encyclopedia

Stationary Tools

1. Abrasive saw



An abrasive saw with a 410 mm (16 in) diameter blade




Steel cut off saw

An abrasive saw, also known as a cutoff saw or metal chop saw, is a power tool which is typically used to cut hard materials, such as metals. The cutting action is performed by an abrasive disc, similar to a thin grinding wheel. The saw generally has a built-in vise or other clamping arrangement, and has the cutting wheel and motor mounted on a pivoting arm attached to a fixed base plate.

They typically use composite friction disk blades to abrasively cut through the steel. The disks are consumable items as they wear throughout the cut. The abrasive disks for these saws are typically 14 in (360 mm) in diameter and 7⁄64 in (2.8 mm) thick. Larger saws use 410 mm (16 in) diameter blades. Disks are available for steel and stainless steel.

Advantages
Since their introduction, portable metal cutoff saws have made many building site jobs easier. With these saws, lightweight steel fabrication previously performed in workshops using stationary power bandsaws or cold saws can be done on-site. Abrasive saws have replaced more expensive and hazardous acetylene torches in many applications, such as cutting rebar.

Cutoff wheels are composed primairly of fibers, held together with a group of small particles pressed and bonded together to form a solid, circular disk. Materials used are generally silicon carbide and diamond bits with a vitrified bonding agent.

2. Shears

Bench shear



A bench shear

A bench shear, also known as a lever shear,[1] is a bench mounted shear with a compound mechanism to increase the mechanical advantage. It is usually used for cutting rough shapes out of medium sized pieces of sheet metal, but cannot do delicate work.[2]

 HYPERLINK "http://en.wikipedia.org/wiki/Shear_(sheet_metal)" \l "cite_note-2" [3] Usually this type of shear can handle steel sheet metal up to 3 mm (0.12 in) thick.[4]
Metal Power Shear 






The machine used is called a squaring shear, power shear, or guillotine. The machine may be foot powered (or less commonly hand powered), or mechanically powered. It works by first clamping the material with a ram. A moving blade then comes down across a fixed blade to shear the material. For larger shears the moving blade may be set on an angle or "rocked" in order to shear the material progressively from one side to the other; this angle is referred to as the shear angle. This decreases the amount of force required, but increases the stroke. A 5 degree shear angle decreases the force by about 20%. The amount of energy used is still the same. The moving blade may also be inclined 0.5 to 2.5°, this angle is called the rake angle, to keep the material from becoming wedged between the blades, however it compromises the squareness of the edge.[5] As far as equipment is concerned, the machine consists of a shear table, work-holding device, upper and lower blades, and a gauging device. The shear table is the part of the machinery that the workpiece rests on while being sheared. The work-holding device is used to hold the workpiece in place and keep it from moving or buckling while under stress. The upper and lower blades are the piece of machinery that actually do the cutting, while the gauging device is used to ensure that the workpiece is being cut where it is supposed to be.

The design of press tools is an engineering compromise. A sharp edge, strength and durability are ideal, however a sharp edge is not very strong or durable so blades for metal work tend to be square-edged rather than knife-edged. Typical workpiece materials include aluminum, brass, bronze, and mild steel because of their outstanding shearability ratings, however, stainless steel is not used as much due to its tendencies to work-harden.

Other types of geometrical possibilities include the squaring shear, angle shear, bow-tie shear and bar shear. All of these have many different uses and are all used regularly in certain manufacturing fields.[citation needed]
Power shears
A power shear is electrically or pneumatically powered hand tool designed to blank large pieces of sheet metal. They are designed to cut straight lines and relatively large radius curves. They are adventageous over a bandsaw because there is not a size limit. Large versions can cut sheet metal up to 12 gauge.[6]
 Throatless shear






Throatless shear







Closeup of shear jaws

A throatless shear is a cutting tool used to make complex straight and curved cuts in sheet metal. The throatless shear takes its name from the fact that the metal can be freely moved around the cutting blade (it does not have a throat down which metal must be fed), allowing great flexibility in shapes that can be cut.

3.
Cold saw

From Wikipedia, the free encyclopedia







A 185 mm (7.3 in) hand held cold saw







A cold saw blade







The saw with the catcher detached

A cold saw is sawing machine that uses a circular saw blade to cut metal. The name "cold saw" comes from the cutting process they employ. These sawing machines transfer the heat generated by cutting to the chips created by the saw blade. Therefore, the blade and material being cut remain cold, unlike an abrasive saw, which abrades the metal and creates a great deal of heat in the metal and cutting blade. Cold saws use either a solid high speed steel (HSS) or tungsten carbide-tipped, resharpenable circular saw blade. They are equipped with an electric motor and a gear reduction unit to reduce the saw blade's rotational speed while maintaining constant torque. This allows the HSS saw blade to feed at a constant rate with a very high chip load per tooth. A cold saw cut produces minimal burr, no sparks, no discoloration and no dust. The material being cut must be mechanically clamped to prevent movement during the cutting process. Extra care should be taken to choose the appropriate number of teeth, saw blade type, cutting speed and feed rate. All of these variables are based on the type and size of material being cut. Cold saws are capable of machining most ferrous and non-ferrous alloys. Cold saws are intended to be used with a flood coolant system to keep the saw blade teeth cooled and lubricated.

Blades
Cold saw blades are circular metal cutting saw blades categorized into two types: solid HSS or tungsten carbide-tipped (TCT). Both types of blades are resharpenable and may be used many times before being discarded. Cold saw blades are used to cut metal using a relatively slow rotational speed, usually less than 5000 surface feet per minute (SFM) (25m/s), and a high chip load per tooth, usually between .001" - .003" (0.025 - 0.08mm) per tooth. These blades are driven by a high power motor and high-torque gear reduction unit or an AC vector drive. During the cutting process, the metal is released in a shearing action by the teeth as the blade turns and the feed mechanism moves the blade forward. They are called "cold saw blades" because they transfer all the energy and heat created during the cutting process to the chip. This enables the blade and the work material to remain cold.

[edit] Classification
The first type of cold saw blade, solid HSS, may be made from either M2 tool steel or M35 tool steel, alloyed with additional cobalt. Solid HSS saw blades are heat treated and hardened to 64/65 HRC for ferrous cutting applications and 58/60 HRC for non-ferrous cutting applications. This high hardness gives the cutting edges of the teeth a high resistance to heat and wear. However, this increased hardness also makes the blades brittle and not very resistant to shock. In order to produce a high quality HSS cold saw blade, you must start with very flat and properly tensioned raw material. The blades must be press quenched after hardening to prevent them from being warped. The term HSS doesn't necessarily mean what it implies. These blades are usually never run at surface speeds higher than 350 SFM. Solid HSS cold saw blades may be used for cutting many different shapes and types of metal including: tubes, extrusions, structural sections, billets, bars, ingots, castings, forgings etc. These blades may also be coated with special wear resistant coatings such as titanium nitride (TiN) or titanium aluminum nitride (TiAlN).

The second type of cold saw blade, tungsten carbide-tipped (TCT), are made with an alloy steel body and tungsten carbide inserts brazed to the tips of the teeth. These tips are ground on all surfaces to create tangential and radial clearance and provide the proper cutting and clearance angles on the teeth. The alloy body is generally made from a wear resistant material such as a chrome vanadium steel, heat treated to 38/42 HRC. The tungsten carbide tips are capable of operating at much higher temperatures than solid HSS, therefore, TCT saw blades are usually run at much higher surface speeds. This allows carbide-tipped blades to cut at faster rates and still maintain an acceptable chip load per tooth. These blades are commonly used for cutting non-ferrous alloys, but have gained significant popularity for ferrous metal cutting applications in the last 10 years. The tungsten carbide inserts are extremely hard (98 HRC) and capable of very long wear life. However, they are less resistant to shock than solid HSS cold saw blades. Any vibration during the cutting process may severely damage the teeth. These cold saw blades need to be driven by a backlash free gear box and a constant feed mechanism like a ball-screw feed.

Future
The popularity of cold saw blades is increasing due to the technological advancements in cold saw machines. They are the sawing method of choice when high production requirements are needed. They consistently produce the lowest cost per cut among all sawing methods: hot sawing, friction sawing, bandsawing and hacksawing.

Bottom of Form

4. Ironworker (brand)







This particular machine stands over 6 ft (1.8 m) tall and can shear, notch, and punch precision holes in plate steel up to 5/8 in (15 mm) thick.

Ironworker was originally a brand name for a machine which can shear, notch, and punch holes in steel plate. The brand has now become a generic name for machines of this type.

Ironworkers generate force using mechanical leverage or hydraulic systems. Modern systems use hydraulic rams powered by a heavy alternating current electric motor. High strength carbon steel blades and dies of various shapes are used to work the metal. The machine itself is made of very heavy steel to handle the enormous force that can be generated during use. Ironworkers are rated according to the force they can generate in tons; ratings usually start at 20 tons and go as high as 150 tons.

Due to the reduction in the amount of man hours and effort needed to cut or punch steel sections, an Ironworker is often an integral part of commercial manufacturing facilities and fabrication shops. They are easily re-tooled for various operations and can be operated by one person.

5. Brake (sheet metal bending)







Manually driven bending brake

A brake is a metalworking machine that allows the bending of sheet metal. A cornice brake only allows for simple bends and creases, while a box-and-pan brake also allows one to form box and pan shapes.[1] It is also known as a bending machine or bending brake.

Description
The brake consists of a flat surface onto which the material is placed, and a clamping bar which will come down and hold the material firmly during the bend. This clamping action may be manual, automatic or operated using a foot pedal. The front, gate-like, plate of the machine is hinged and may be lifted, forcing the material extended over a straight edge to bend to follow the plate.

The bends can be to any angle up to a practical limit of about 120 degrees, somewhat more in the case of a bar folder. If the area to be bent is narrow enough, a sharper bend (e.g., for a hem) can be made by inserting the bend under the clamping bar and lowering it.

Cornice Brake
A cornice brake has a solid clamping bar, the full width of the machine; thus, it can only make straight bends, the entire width of the workpiece.

Box-and-Pan Brake
In a box-and-pan brake, the clamping bar includes several removable blocks, which may be removed and rearranged to permit bending of restricted areas of a piece of sheet metal or of already partially formed pieces.

After bending, a box or pan form is then completed by screw, solder, weld, rivet, or other metal fixing process.

Bar Folder
This is a simplified brake, usually much smaller than cornice or box-and-pan brakes. Typically, a single handle both clamps the workpiece and makes the bend, in a single motion, but the depth is usually much less than what a cornice or box-and-pan brake can handle.

Press brake
A press brake bending a sheet of steel.




A press brake, also known as a brake press or just brake, is a machine tool for bending sheet and plate material, most commonly sheet metal.[1]
Typically, two C-frames form the sides of the press brake, connected to a table at the bottom and on a moveable beam at the top. The bottom tool is mounted on the table with the top tool mounted on the upper beam.[2]
Types
A brake can be described by basic parameters, such as the force or tonnage and the working length.[1] Additional parameters include the amplitude or stroke, the distance between the frame uprights or side housings, distance to the backgauge, and work height. The upper beam usually operates at a speed ranging from 1 to 15 mm/sec.[2]
There are several types of brakes as described by the means of applying force: mechanical, pneumatic, hydraulic, and servo-electric.

In a mechanical press, energy is added to a flywheel with an electric motor. A clutch engages the flywheel to power a crank mechanism that moves the ram vertically. Accuracy and speed are two advantages of the mechanical press.[3]
Hydraulic presses operate by means of two synchronized hydraulic cylinders on the C-frames moving the upper beam.[2]

 HYPERLINK "http://en.wikipedia.org/wiki/Press_brake" \l "cite_note-tmeh2-2" [3] Servo-electric brakes use a servo-motor to drive a ballscrew or belt drive to exert tonnage on the ram.

Pneumatic presses utilize air pressure to develop tonnage on the ram.

Until the 1950s, mechanical brakes dominated the world market. The advent of better hydraulics and computer controls have led to hydraulic machines being the most popular.

Pneumatic and servo-electric machines are typically used in lower tonnage applications. Hydraulic brakes produce accurate high quality products are reliable, use little energy and are safer.







Recent improvements are mainly in the control and a device called a backgauge. A back gauge is a device that can be used to accurately position a piece of metal so that the brake puts the bend in the correct place. Furthermore the backgauge can be programmed to move between bends to repeatedly make complex parts. Early brakes relied on the tooling to determine the bend angle of the bend. The animation to the right shows the operation of the backgauge, setting the distance from the edge of the material or previous bend to the center of the die.

Press brakes often include multi-axis computer-controlled backgauges. Optical sensors allow operators to make adjustments during the bending process. These sensors send real-time data about the bending angle in the bend cycle to machine controls that adjust process parameters.[2]
Dies
Press brakes can be used for many different forming jobs with the right die design. Types of dies include:[3]
· V-dies -- the most common type of die. The bottom dies can be purchased with different-sized die openings to handle a variety of materials and bend angles. 

· Rotary bending dies -- a cylindrical shape with an 88-degree V-notch cut along its axis is seated in the "saddle" of the punch.The die is an anvil over which the rocker bends the sheet. 

· 90 degree dies -- largely used for bottoming operations. The die opening dimension depends on material thickness. 

· Acute angle (air-bending) dies -- used in air bending, these can actually be used to produce acute, 90 degree, and obtuse angles by varying how deeply the punch enters the die by adjusting the ram. 

· Gooseneck (return-flanging) dies -- The punch is designed to allow for clearance of already formed flanges 

· Offset dies -- a combination punch and die set that bends two angles in one stroke to produce a Z shape. 

· Hemming dies -- two-stage dies combining an acute angle die with a flattening tool. 

· Seaming dies -- There are a number of ways to build dies to produce seams in sheets and tubes. 

· Radius dies -- A radiused bend can be produced by a rounded punch. The bottom die may be a V-die or may include a spring pad or rubber pad to form the bottom of the die. 

· Beading dies -- A bead or a "stopped rib" may be a feature that stiffens the resulting part. The punch has a rounded head with flat shoulders on each side of the bead. The bottom die is the inverse of the punch. 

· Curling dies -- The die forms a curled or coiled edge on the sheet. 

· Tube- and pipe-forming dies -- a first operation bends the edges of the sheet to make the piece roll up. Then a die similar to a curling die causes the tube to be formed. Larger tubes are formed over a mandrel. 

· Four-way die blocks -- A single die block may have a V machined into each of four sides for ease of changeover of small jobs. 

· Channel-forming dies -- A punch can be pressed into a die to form two angles at the bottom of the sheet, forming an angular channel. 

· U-bend dies -- Similar to channel forming, but with a rounded bottom. Springback may be a problem and a means may need to be provided for countering it. 

· Box-forming dies -- While a box may be formed by simple angle bends on each side, the different side lengths of a rectangular box must be accommodated by building the punch in sections. The punch also needs to be high enough to accommodate the height of the resulting box's sides. 

· Corrugating dies -- Such dies have a wavy surface and may involve spring-loaded punch elements. 

· Multiple-bend dies -- A die set may be built in the shape of the desired profile and form several bends on a single stroke of the press. 

· Rocker-type dies -- A rocker insert in the punch may allow for some side-to-side motion, in addition to the up-and-down motion of the press

This is a more complex tool that forms predetermined bends by clamping the workpiece between a matching punch and die.

Sizes of brakes
Brakes come in sizes suitable for light aluminum or brass for small boxes and operated by hand, up to industrial sized and counterwighted hand operated or hydraulic machines suitable for large sheets of steel.

6.  English Wheel




An English wheel showing four interchangeable lower wheels (anvils), the larger fixed upper wheel, the pressure adjustment screw and a quick release mechanism

The English Wheel, also known as a wheeling machine in Britain, is typically a manually operated metalworking apparatus, that allows a craftsman to form smooth, compound curves from flat sheets of metal, such as aluminum or mild steel. It is used in coachbuilding, car restoration, Hotrodding, racing car construction - (especially, NASCAR[1] spaceframe chassis racing cars that have to have sheet metal panels made to resemble mass production vehicles), prototype car production, low volume sports car production (AC Cobra for example), and aviation amongst other uses. When used on thicker sheet metals such as boat or ship hulls the machine may be powered and be much larger than the one described here.

The process of using an English wheel is known as wheeling.

] Construction
The machine is shaped like a large, closed letter "C". At the ends of the C, there are two wheels. The wheel on the top is called the rolling wheel, while the wheel on the bottom is called the anvil wheel. (Some references refer to the wheels by their position: upper wheel and lower wheel.) The anvil wheel usually has a smaller radius than the rolling wheel. Although larger machines exist, the rolling wheel is usually 8 cm (3 inches) wide or less, and usually 25 cm (9 inches) in diameter, or less.

The rolling (top) wheel is flat in cross section, while the anvil (bottom) wheel is domed.

The depth of the C-shaped frame is called the throat. The largest machines have throat sizes of 120 cm (48 inches), while smaller machines have throat sizes of about 60 cm (24 inches). The C stands vertically and is supported by a frame. The throat size usually determines the largest size of metal sheet that the operator can place in the machine and work easily. On some machines, the operator can turn the top wheel and anvil 90 degrees to the frame to increase the maximum size of the work piece. Because the machine works by an amount of pressure between the wheels through the material, and because that pressure changes as the material becomes thinner, the lower jaw and cradle of the frame that holds the anvil roller is adjustable. It may move with a hydraulic jack on machines designed for steel plate, or a jackscrew on machines designed for sheet metals. As the material thins, the operator must adjust the pressure to compensate.

Frame designs are the most significant element of this simple device. For the most part however, wheels have changed very little since the 19th century. The early English machines (as opposed to the American versions), such as Edwards, Kendrick, Brown, Boggs, and Ranalah, etc., had cast iron frames. These wheels, made during the 19th Century, had Babbitt metal plain bearings in them, making them a little difficult to push and pull the metal through when operated at high pressures. Later, when ball-and-race bearings came into use, the machines became more suitable for hard and thick material, such as 1/8” steel. Despite the immense popularity of cast iron in England (where even bridges were made of it) one drawback is that it is less stiff than steel, and therefore, sometimes must be replaced by thick steel when a stiffer frame is needed. Steel frames made of solid flame-cut plate, or frames built-up of cut-and-welded plates, are common designs. Steel tubing, generally of square section, has been used for wheeling machine frames during the past 30 years, in the US particularly, where sheet metal shaping has become a hobby as well as a business. Tube-framed machines are reasonably-priced and are available either as kit-built machines (or can be built easily from plans). The stiffest tubular frames have a fully triangulated external bracing truss. They are most effective on thinner or softer materials, such as .20 ga steel or .063 aluminum.[2] Cast frame machines like the one pictured, are still available.

A properly equipped machine has an assortment of anvil wheels. Anvil wheels, like dollies used with hammers in panel beating (which are also known as anvils) should be used to match the desired crown or curvature of the work piece.

Operation
The operator of the machine passes the sheet metal between the anvil wheel and the rolling wheel. This process stretches the material and causes it to become thinner. As the material stretches, it forms a convex surface over the anvil wheel. This surface is known as crown. A high crown surface is very curved, a low crown surface is slightly curved. The rigidity and strength in the surface of a workpiece is provided by the high crown areas. The radius of the surface, after working, depends on the degree that the metal in the middle of the work piece stretches relative to the edge of the piece. If the middle stretches too much, the operator can recover the shape by wheeling the edge of the piece. Wheeling the edge has the same effect in correcting mis-shape due to over-stretching in the middle, as shrinking directly on the overstretched area by the use of heat shrinking or Eckold type shrinking. This is because the edge holds the shape in place. Shrinking the edge prior to wheeling, aids the formation of shape during wheeling, and reduces the amount of stretching and thinning needed, to reach the final shape.

Strength and rigidity is also provided by the edge treatment such as flanging or wiring, after the fabrication of the correct surface contour has been achieved. The flange is so important to the shape of the finished surface, that it is possible to fabricate some panels by shrinking and stretching of the flange alone, without the use of surface stretching or shrinking at all.







Lotus/Caterham with cycle type front wing/fender

The pressure of the contact area, which varies with the radius of the dome on the anvil wheel and the pressure of the adjusting screw, and the number of wheeling passes determines the degree to which the material stretches. Some operators prefer a foot adjuster in order to be able to maintain a constant pressure over the varying sheet metal thickness for smoothing, while using both hands to manipulate the work piece. This style of adjuster is also helpful for blending the edge of high crown areas that are thinner, with low crown areas that are relatively unstretched. A drawback of the foot adjuster, is that it can foul very longitudinally curved panels, such as cycle type mudguards (wings/fenders), as used on pre-WW2 sports cars and on the Lotus / Caterham 7. To address this problem, there are wheeling machines that have a hand adjuster close beneath the anvil yoke in order to allow such panels to curve underneath unobstructed. This type of machine typically has a diagonal lower 'C' shaped frame, that curves lower to the floor, with a hand operated adjuster close to the anvil wheel holder, instead of the horizontal and long vertical hand adjuster shown in the picture. A third type of adjuster moves the top wheel up and down with the bottom anvil wheel left static.

The operator needs a great deal of painstaking patience, to make many passes over an area on the sheet in order to form the area correctly. He may make additional passes with different wheels and in different directions, (at 90 degrees for a simple double curvature shape, for example), in order to achieve the desired shape. Using the correct pressure and appropriate anvil wheel shape and pattern of accurate, close to overlapping wheeling passes (or actually overlapping with low crown anvils), makes the use of the machine something of an art in order to produce a piece of steel, aluminium or other sheet metal with a particular physical shape. Too much pressure results in a finished product that is undulating, marred and stressed, while too little pressure causes work to progress very slowly. High crown panels/sections may need to be annealed due to work-hardening of the metal.

Typically, only small high crown panels, (such as repair sections) or large low crown panels (such as roofs), are made in one piece. Large low crown panels need two skilled craftsmen to support the weight of the panel.

Five key limitations of the machine are:

· The thickness of the sheet that the machine can handle. 

· Fitting the work piece in the 'throat' depth of the machine. 

· The size of work piece that the operator/s can physically handle. 

· The risk of over stretching/thinning an over-large high crown panel/section - it is no good having the correct contour if the metal is just too thin and weakened to be serviceable. 

· As the size of the panel/section increases, the work involved and the level of difficulty increases disproportionately. 

These limitations are the reasons why large high crown panels such as wings/fenders are often made in many pieces. The pieces are then welded together usually with one of two processes. TIG welding (Tungsten Inert Gas) produces less heat distortion, but produces a harder, more brittle weld that may cause problems when planishing/smoothing by hand, or in the wheeling machine. Oxy-acetylene welding joints don't have this drawback, provided they are allowed to cool to room temperature in air, but do produce more heat distortion. Panel joints may be achieved using autogenous welding - that is welding without filler rod, this is useful when finally smoothing the welding joints as it reduces the amount filing/grinding/linishing needed or almost eliminates it altogether. It also, more importantly reduces heat distortion of the surface contour, which has to be corrected on the wheel or with hammer and dolly.

At every stage during fabrication, constant reference needs to be made to the shape that the operator is trying to reproduce. This may involve the use of template paper, section templates (made using paper or thin sheet metal), station bucks, formers, profile gauges, profile templates and of course an original panel. Wheeling machines that feature a quick-release lever, which enables the operator to drop the anvil wheel away from the upper wheel, so the work can be removed and inserted quickly without losing the pressure setting, are great time savers during this part of the process.

The final process in the fabrication of a panel, after the correct surface contour has been achieved, is provided by the edge treatment such as flanging (sheet metal) or wire edging, this is to finish and strengthen the edge. There will be too much or too little metal in the flange, this will pull the panel out of shape after the flange has been turned, so it needs to be stretched or shrunk in order to pull the surface shape back to the correct contour. This is most easily done using Eckold type shrinking and stretching, but can be done using heat shrinking or cold shrinking, (by tucking and beating the tucked metal into itself), or by using a cold shrinking hammer and dolly. For stretching or shrinking the flange, a hammer of the correct profile with a dolly of the correct profile is needed - matching the desired flange shape at the point of contact through the flange, (known as ringing the dolly) with the hammer.

An English wheel is a better tool for a skilled craftsman for low-crown applications than manually hammering. Planishing manually using dollies and slappers, after hammer forming is very labour intensive. Using a pear shaped mallet and sandbag, to stretch the sheet metal, speeds up the fabrication process for higher crown sections. A pneumatic hammer or power hammer, is faster still. The English wheel is very effective when used for planishing, (for which it was originally patented in England), to a smooth final finish after these processes.
Metalworking Tools

   1. Bar Folder/Brake - The bar folder and the brake are used to bend and 

       fold a variety of metal stock and to bend sheet metal. The procedures 

       for using the tools varies depending upon the size of the metal used, 

       the type of bend desired, and the angle of the bend. Read the

       manufacturer's directions for operating procedures.

       a. Safety Precautions when using a Bar Folder/Brake

           1) Keep hands clear of movable parts.

           2) Remove all sharp burrs and edges from the metal before 

               folding.

           3) Fold only single thickness of sheet metal within the capacity 

               of bar folder or the brake.

           4) Let the bar down slowly after completing the bend.

   2. Metal Shear - The metal shear is used to cut large pieces of sheet 

       metal. Bench shears come in different sizes, the most common shop 

       size being a 30" shear with a 7" cut.

       a. Operating Procedures for the Metal Shear

           1) Lift the top handle and feed the metal through the front.

           2) Push the top handle down with both hands through the sheet 

               metal.

           3) Use the guide to cut straight strips of metal.

       b. Safety Precautions when using a Metal Shear

           1) See that all guards are in place.

           2) Stand directly in front of the machine.

           3) Keep fingers away from the clamp and blade.

           4) Cut only single pieces of metal.

   3. Bench Grinder - The bench grinder is a motor driven wheel made of 

       various abrasives. It is used to remove or polish the metal. 

       Different grinding wheels are installed depending on the job to be 

       performed or the amount of material to be removed.

______________________________________________________________________________

                    *** Note to the Instructor ***

   For a detailed list of grinder wheel selections and uses, see lesson 2132.

_____________________________________________________________________________

       a. Operating Procedures for the Bench Grinder

           1) Adjust the tool rest to no more than 1/8" from the grinding 

               wheel. The tool rest should be no closer then 1/16" from the 

               wheel.

           2) Start the grinder while standing to the side of the wheel.

           3) Grasp the object to be ground firmly in both hands.

           4) Slowly move the tool to the moving grinding wheel while 

               supporting it on the tool rest.

       b. Safety Precautions when using a Bench Grinder

           1) The tool rest must be properly set at 1/16" to 1/8" from the 

               wheel to prevent the wheel from pulling the tool down between 

               the tool rest and the wheel.

           2) Wear a safety shield or goggles even if the grinder is 

               equipped with a face shield.

           3) Keep hands away from the shield when it is in motion.

           4) Do not wear loose clothing or gloves near the wheel.

           5) Grind only on the face of the wheel; grinding on the side may 

               cause the wheel to break.

   4. Buffer - The buffer is used to polish metal. A buffing wheel is 

       attached to a bench or portable grinder.

       a. Operating Procedures for the Buffer

           1) See operation procedures for the bench grinder.

           2) A buffing compound is generally applied to polish the material 

               being buffed.

       b. Safety Precautions when using a Buffer

           1) Wear a safety shield or goggles.

           2) Apply compound sparingly.

           3) Keep hands away from the wheel when it is in motion.

           4) Buff flat surfaces from the center toward the lower edge. All 

               sharp edges should point downward when being buffed.

   5. Portable Grinder and Disk Sander - The portable grinder and disk 

       sander are useful tools for removing excess material from objects that 

       are too large or too heavy to place on a bench grinder.

       a. Operation Procedures for the Portable Grinder and Disk Sander

           1) Secure the object to be ground in a vise or to a table with a 

               clamp.

           2) Hold the grinder firmly with one hand on the handle and the 

               other on the body and trigger.

           3) Hold the grinder away from the body and start it, bringing it 

               to full speed.

           4) Ease the grinder wheel to the project. The wheel face should 

               be flat on the project.

           5) Angle the grinder so that the sparks fly away from the 

               operator.

           6) Use a circular or a side-to-side and up-and-down motion to 

               remove the metal.

       b. Safety Procedures when using a Portable Grinder or Disk Sander

           1) Use the face of the wheel only. Grinding with the edge may 

               cause the wheel to shatter.

           2) Always use both hands to support the grinder or disk sander. 

               The tool rotates at high rpm's and can fly from the project if 

               not properly supported.

           3) Wear a safety face shield, gloves, and a long sleeve shirt for 

               protection from flying sparks and metal fragments.

           4) Make sure no one is within a distance where they can be hit by 

               the sparks.

           5) Allow the grinding wheel or disk to come to a complete stop 

               before setting it down on its side.

           6) Do not touch the metal immediately after it has been disked or 

               ground. The abrasive action will heat the metal.

   6. Metalworking Lathe - The lathe holds and rotates the work while it is 

       being shaped by a cutting tool that is fed against the work. 

       Metalworking with a lathe requires much more precise measurement than 

       woodworking. Measurements must be accurate to the thousandths of an 

       inch. Therefore, a micrometer and a set of calipers is required for 

       accurate measurements.

       a. Operating Procedures for the Metalworking Lathe

           1) Determine the dead center of each end of the metal to be 

               lathed. A pair of dividers or a center head can be used for 

               this purpose.

           2) Use a center punch to mark the centers. If the initial punch 

               is not accurate, the center punch can be driven at an angle to 

               move the drilling hole.

           3) Drill both ends of the metal. The drill holes should fit the 

               lathe center perfectly to insure the correct true of the 

               metal.

           4) Use oil or grease in the drilled holes and attach the metal 

               stock to the lathe using the lathe centers.

           5) Mount the cutting tool in the tool holder and the tool holder 

               in the tool post. Mount the tool holder in the tool post so 

               that in case it slips, it will swing away from the work and 

               not gouge.

           6) Set the cutting depth using a micrometer.

           7) Turn the machine on. Make a light trial cut that is shallower 

               than the setup for thread cutting.

           8) If accurate, adjust the tool holder to make the actual cut.

       b. Safety Procedures when using a Metalworking Lathe

           1) Wear safety shield or goggles.

           2) Avoid loose clothing and tie back long hair that may get 

               caught in the lathe.

           3) Start the lathe at a slow speed while standing away from the 

               direction of the rotation.

           4) Never touch the metal while it is rotating.

           5) Never remove scraps while the lathe is in operation.

           6) Keep fingers and hands away from all moving parts.

   7. Milling Machine - The milling machine is very useful in cutting and

       shaping metal. Metal is removed by a rotating multi-tooth cutter that 

       is fed into the work.

       a. Operating Procedures for the Milling Machine

           1) Seat the work against the parallels on the machine or the 

               bottom of a vise using a mallet or a soft hammer.

           2) Securely fasten the work.

           3) Set the milling machine for the proper cutting depth.

           4) Disengage all handles if the machine has an automatic feed.

           5) Turn the machine on and make sure it is turning in the proper 

               direction.

           6) Feed against or opposite to the direction of rotation of the 

               cutter.

           7) Release the automatic feed after the machine has been turned 

               off and has stopped.

       b. Safety Precautions when using a Milling Machine

           1) Wear a safety shield or goggles.

           2) Make adjustments to the machine only when it is at a dead 

               stop.

           3) Be sure the work is securely fastened.

           4) Stand to one side of the machine when starting.

           5) Use a brush to remove chips. Never use a hand or blow the 

               chips clear. The chips are sharp and may cut the hand or eye.

           6) Keep hands clear of moving parts.

D. Tools used in Both Woodworking and Metalworking

   1. Drill Press - The drill press is a stationary machine used to drill 

       holes. If used with attachments, the drill press can also be used for 

       boring, routing, and mortising.

       a. Operating Procedures for the Drill Press

           1) Set the speed of the drill, according to the diameter of the

               bit.

           2) Select the drill bit and chuck to use. Place the chuck in the 

               drill.

           3) Insert the drill bit and tighten with the chuck key.

           4) Align work under the bit. Clamp the work securely.

           5) Start the drill and bring it to full working speed.

           6) Lower the bit using the pilot wheel feed. Do not force the 

               bit through the metal. Use cutting oil on thick pieces of 

               metal. Allow the bit to cut at its own speed.

           7) After the bit has gone through the material, release the pilot 

               wheel feed and turn the machine power off.

       b. Safety Precautions when using a Drill Press

           1) Shift belt and make other adjustments only when the power 

               switch is off.

           2) Be sure that the belt guard is in place.

           3) Secure the work to be drilled. Use a drill press or vise when 

               possible.

           4) Remove the chuck key immediately after using it.

           5) Wear a safety shield or goggles.

           6) Never wear loose clothing or gloves or allow long hair to be 

               near the drill bit when turning.

           7) Stop the drill press before attempting to remove work, chips, 

               or cuttings.

E. Additional Shop Equipment

   1. Forges and Furnaces - Gas and electric furnaces and coal forges 

       create very high temperatures in order to heat metal for shaping.

       a. Operating Procedures for the Forge and Furnace

           1) Consult the manufacturer's directions for operation procedures 

               of forges and furnaces.

       b. Safety Precautions when using a Forge or Furnace

           1) Gas Furnace

               a) Check for gas leaks.

               b) Light the furnace while standing to one side and with the 

                   doors open.

               c) Use tongs to remove metal from the furnace.

               d) Use a flint lighter and not materials to light a gas 

                   furnace.

               e) Wear a face shield or safety goggles.

           2) Electric Furnace

               a) Be certain the furnace is properly grounded and the cable 

                   is insulated to prevent electrical shock.

               b) Remove all scale from the furnace grating. The scale can 

                   short and burn out the electric coils.

               c) Use tongs to remove hot metal from the furnace.

           3) Coal Forge

               a) Keep the area around the forge clean.

               b) Use tongs to remove hot metal from the forge.

               c) Wear a face shield or safety goggles
These are articles in a series of    How to Buy Metalworking Equipment.   Each article showcases and explains a particular type of metalworking machine. They were originally published in the Metalworking Machinery Mailer published by the Tade Publishing Group.

How to Buy Shears

SHEARS: THE SHEARING OF METAL

The shearing process of metal is complex and highly technical when it involves factors such as clear structure, slippage planes, brittle fracture and anisotrophy. For the user, it's important to know that both tensile stress and compressive stress are involved. During a cut, a shear goes through horizontal stress, vertical stress, and torsional stress. When the knife makes contact with the metal being sheared, the top surface is put under tension and with the support of the lower knife, the bottom surface is put under compression. As the elastic tolerance of the metal is exceeded, it is stressed in shear until its maximum strength is exceeded, where the piece then breaks away completely from the parent metal. If the knives are sharp and the clearance between the top and bottom knife edges are correct, the sheared edge will be clean and close to the perpendicular. Thus, to insure accurate shearing, the crosshead and bed must be rigid enough to resist deflection.

There are three internal stresses present during shearing: twist, camber & bow. Twist is the tendency of the off cut to curl up and spiral. A result of excessive rake (the angle of the cutting tool in a plane perpendicular to the work surface) in the knife and can be kept to a minimum if the knives are sharp and the clearance and rake are properly set. Camber is the tendency of a sheared strip to have an arc while laying flat. Instead of the rake having effect, it's caused by internal stresses, inferior material, or improper clearance. Similar to twist, it's most severe on off cuts which are narrow. Bow is the tendency of a piece of sheared material to hump in the center. It is usually due to deficiencies in the material.

Like press brakes, shears are designed to deliver precise vertical blows. Therefore, their basic design is the same.

1. The housing or end frames are heavily constructed to provide structural support for the machine. 

2. The bolster plate is secured to the press bed. It positions and supports the die assembly. 

3. The bed is a stationary mounting surface for the lower die or blade. 

4. The ram carries the upper blade. It's positioned on the front of the housing and maneuvers vertically. It is designed for rigidity. 

5. The drive gives vertical motion to the slide. It may be mechanical or hydraulic. 

6. Gibs provide a sliding surface for the ram. 

7. The drive gives vertical motion to the slide. It may be mechanical or hydraulic. 

SELECTION CRITERIA 

When selecting a shear, the user must make a number of decisions based on production requirements. If you're using it for high volume work, a rugged piece of equipment for whatever tonnage is needed. If the shear is intended for short-run or intermittent applications, then the user will likely select a machine more suited for light work.

For example, there are considerations of mechanical vs. hydraulic drive, overdrive or underdrive, conventional or high speed, and standard or CNC.

Shears are evaluated on the basis of their ability to shear mild steel of a given thickness and length. This capacity rating should never be surpassed. The load on a shear remains constant regardless of the length of a cut, and a fractional increase in metal thickness can cause overloads of 200% or more. However, a machine's mild steel rating is not detailed enough for the user to determine tonnage requirements when materials other than mild steel are to be sheared. Each metal has its own shear strength, the higher the strength in psi (pounds per square inch), the more tonnage is needed to shear it. Tonnage requirements also increase as metal thickness increases.

HYDRAULIC VS MECHANICAL 

The shear is a precision machine designed to meet severe demands for accuracy and performance. They are available with both hydraulic and mechanical drive systems. Hydraulic drives offer advantages in control of speed and striking force while the mechanical shear cycles its ram faster. For the hydraulic shear, the blade is driven by two cylinders mounted to the frame on each side of the ram. The major advantage here is in its provisions for rake adjustment. By increasing the rake angle of the blades, more thickness of metal can be handled and the capacity of the shear effectively increased. The determination of rake angle is the user's exercise in compromise, producing a commercially acceptable off cut at a minimum practical loading force for the frame, bed and crosshead. Shears have also been developed to perform specialized kinds of work. The billet or structural shear cuts flat and round bars and certain types of structural shapes. The nibbler, used primarily for thin-gauge sheet metal work, duplicates the action of a scissors by cutting progressively along a straight or curved line. Also, special shears have been made for shearing masonite, clad and exotic metals, wire mesh, stone, rubber and even burlap.

OVERDRIVE VS UNDERDRIVE SHEARS 

There are three basic approaches to the structural design of shears: They may be made of: 1. Rolled steel plate. 2. Machined and assembled with keyed and bolted construction. 3. Welded steel or cast iron. Most shears use overdrive, or gap-frame construction where the drive shaft, gearing, flywheel and motor are above a throat or gap provided in the side frame members. Since the stock passes through this gap, overdrive construction permits the slitting of stock longer than the shear is wide. Most overdrive mechanical shears have a provision for raising the crosshead without changing the rake angle. This vertical adjustment capability makes slitting easier because the knives can be set so that they do not overlap at the high end. Underdrive shears are more compact and have a lower silhouette than overdrive shears. They offer improved visibility, which is a good advantage in straight-through work or when the shear is incorporated into a fabrication line.

HIGH-SPEED SHEARS 

There are two classes of high-speed shears: One is a speeded-up version of the conventional shear where the ram speed is increased by 75% to 100%. This type of equipment is usually used for cutoff work or in long-run production on coil stock. The second class of high-speed equipment is capable of shearing 12 gauge mild steel, 72 inches wide at 300 strokes per minute, found in high-speed automatic cutoff lines. There is very little humping of the stock and the cutting action actually improves as the speed of the knife increases. These shears have been successful in blanking silicon steels and a number of synthetic materials.

INSPECTION
NON-POWER
1. Check the frame. Are there any cracks, breaks or welds evident? 

2. Check the condition of the blade. Look for any cracks, breaks, etc., as an indicator to general machine condition. 

3. Uncover the gear boxes and check the gears for broken teeth and other signs of excessive wear. 

UNDER POWER
1. Take a cut on a piece of work across the length of the blade. The break should be clean throughout the cut. 

2. Check the rear gauge for accuracy by adjusting it to a specific length and then measuring a cut piece to size. 

3. Check the clutch for noise and slippage. 

4. Listen to the gears mesh. Are there any abnormal sounds? 

5. Verify that all controls perform as they should. Make sure inch-control and foot pedal mechanisms work properly. 

6. Verify that the hold-downs are functioning properly. Whether mechanical or hydraulic, the stock should be held firmly without moving. 

7. Check the hydraulic system for worn hoses, leaking cylinders, etc. 

8. If the shear is equipped with a shadowlight, make sure that it works properly. 

How to Buy a Press Brake

A press brake is used for bending metal. It has a frame, bed, ram, and drive. Press brakes are designed to deliver accurate vertical blows. The integral parts of a press brake includes the housing, brake, bolster plate, bed, ram, gibs, and drive.

PRINCIPAL PARTS 

· Housing or End Frames - The housing or end frames are heavily constructed to provide structural support for the machine. 

· Brake - The brake is the part which carries sheet metal the full length of the ram and bed without disrupting the forming process. 

· Bolster Plate - The bolster plate is secured to the press bed. It positions and supports the die assembly. 

· Bed - The bed is a stationary mounting surface for the lower die or blade. 

· Ram - The ram carries the upper blade. It’s positioned on the front of the housing and maneuvers vertically. It is designed for rigidity. 

· Gibs - Gibs provide a sliding surface for the ram. 

· Drive - The drive gives vertical motion to the slide. It may be mechanical or hydraulic. 

The press brake is a very versatile type of fabricating equipment. It is ideal for many metal forming operations with its ability to deliver force in a confined longitudinal area. Any metal that can be punched or bent by other processes can be formed on a press brake. The user must make choices based on his anticipated production needs when choosing a press brake. What must be determined is the tonnage required, length of bed, bolster width, stroke length, drive system, and the control system. These choices depend on the material being used, type of operation, and the rate of output. The pressure needed to bend metal on a press brake depends on the hardness and thickness of the metal and the width of the lower die. If you increase the width of the lower die then less pressure is needed to fill it. If you decrease the width of the die then your tonnage (striking force) requirements rise dramatically. Any metal to be punched or bent can be formed on a press brake. The materials generally used on a press brake are low carbon steel, alloy steel, stainless steel, aluminum alloys, and copper alloys.

Press brakes are divided into two basic categories: mechanical drive systems and hydraulic drive systems. The mechanically driven press brake has a fixed tonnage and delivers more force at the bottom of its stroke than at the halfway point. Mechanical drives will cycle its ram at more strokes per minute than a hydraulically driven system of the same size. The electric motor provides power to a flywheel which stores energy and provides speed and consistency of motion to the drive shaft on a mechanical system. Mechanical press brakes have been changed to increase output and for supplying varying ram speed within a single stroke. The ram starts at high speed from the top of the stroke and automatically changes into low speed for the operating position of the stroke. At the bottom of its stroke, the ram again transfers into high speed for its return. A control mechanism provides short, medium, and long periods of time for the ram at slow speeds.

The air-friction clutch is another means of ram control on the mechanical press brake’s capability. The air-friction clutch is reliable by means of expansion of a tube to force friction shoes against a center. The air-friction clutch provides a cushioning effect which extends die life. Today a press brake operator can choose the high speed process for full cycle of the ram or he can choose fast advance, low-speed bending, and high speed response of the ram. This mechanical system increases productivity because once the speed is selected, the machine will cycle automatically. Air-friction clutch systems will have a higher degree of consistency. Ram leveling is an aid to the user because it saves time in setting up the job. It is standard on most mechanical press brakes. Ram leveling is accomplished by an independent motor linked through a worm gear drive to a pair of adjusting screws inside the rods joining the drive shaft to the press slide. Tilting adjustments are completed by split couplings and clutches that release the drive on one side of the ram. A calibrated device should be furnished at each end of the ram to show the exact position of the side.

Hydraulic press brakes are available with pressing capacities up to 8,000 tons. A mechanically driven press brake of equal tonnage will not deliver the same pressure at the bottom of their strokes, it is rated at midstroke. The hydraulic press brake delivers its rated capacity over the entire stroke. The hydraulically driven press brake’s tonnage and ram speed are variable up to the machine’s rated limits. A hydraulic drive allows a longer ram stroke than mechanically driven equipment. The ram speed control on a hydraulic press allows the best adjustment of the material being worked. The tonnage of a hydraulic press brake is a function of the size of its cylinders, pump, and circuit capacity. The construction of the press brake is matched to these features.

The hydraulic press brake’s fixed tonnage can’t be surpassed so the brake can be bottomed at full tonnage repeatedly without risk. This is the hydraulic press brake’s advantage over the mechanical press brake. The hydraulic press brake can’t be overloaded where the die or press brake is damaged. The hydraulically driven ram will stop when it reaches the selected tonnage. It can be withdrawn from any point on the job. The hydraulic press brake has a preset tonnage control. This control varies within the capacity of the machine. A light tonnage setting permits the use of inexpensive dies for light bending. The press brake will operate at a higher speed under a light setting. The hydraulic press brake allows the operator simple stroke adjustment by mounting limit switches at the desired top and bottom limits of ram travel. Every hydraulic press brake is equipped with a micrometer adjustment for setting the precise position of the ram at the bottom of the stroke. It is possible for the ram to be positioned within a thousandth of an inch. A job requiring repetition can be set up to produce identical parts in minutes. This capability is not available with mechanical press brakes. The hydraulic press brake delivers full rated power throughout its stroke and has a longer stroke than a mechanical brake which is limited in stroke length by its crankshaft design.

There are different methods to keep the ram level on a hydraulic press brake. Pressure can be exerted by two cylinders powering the ram to keep it level. There are a wide variety of leveling and tilting controls: 1. A servo electric system produces a ram tilt condition by a low voltage electric signal which is increased and fed back to one of the two variable delivery pumps. This system provides continuous correction to the ram level. 2. An electronic system uses an electronic sensing device. 3. A proportioning valve system checks the flow of fluid to the cylinders, prevents wavering, and offers continuous correction with high accuracy. 4. A limit switch uses a steel tape sensor that drives two highly sensitive limit switches through spring-loaded cams. 5. A steel tape system enclosed in a glass tube transmits data to a special level control unit. All of the above systems are used for tilting the ram when required by the type of work.

Press brake manufacturers usually offer three alternatives for widening a press brake:

1. The press brake can have a wide bolster plate and a removable angle bracket for the ram. 

2. Angle brackets on both the ram and bolster plate. 

3. Removable angle brackets on the ram and bolster plate. Removable angle brackets on the ram and bolster plate is usually the best choice because it offers greater flexibility. 

The widening of a press brake will depend on tonnage and the structure of the frame. A large press brake should be widened no more than 36 inches. If your work consists of punching and using progressive dies on wide stock in heavier tonnages then a straight side press with four-point gibbing should be considered instead of a a press brake. The straight side press will have press brake adaptability with the structural strength of a press. Ram and bed extensions add flexibility to the press brake. Extensions that are part of the original equipment are better than add-on extensions because they have the rigidity of factory installation. A press brake used for horning operations like the closing of box ends should have extensions, preferably on both sides. It’s counter productive to buy a smaller press brake and add-on extensions later. It may cause deflection in areas of the bed and ram outside the housings where die shimming will be a problem.

SMALL PRESS BRAKES 

A user should define what a small (25 ton or less) press brake is going to be used for in production. The width of stock, gauge, and production volume are requirements to help determine the tonnage, width between housings, and required speed. If a small press brake is going to backup larger equipment, the user should leave himself a flexible operating range. This usually means purchasing a press brake with extra capacity to handle unknown possibilities. A press brake barely exceeding the minimum requirements is not likely to be efficient in the long run. When looking for a smaller press brake the following should be considered:

1. The bed should be welded to the frame not bolted. The ram and bed should be large enough to prevent deflection. Steel gearing is recommended. 

2. It is advisable to have variable speed drives. The press brake should have a reversing switch available to the operator. If there is an air friction clutch, then clutch overload protection should be provided. 

3. The ram adjustment, stroke, and speed of a small press brake will depend on the work involved. Other features to be considered are: 

a. front operated back guage 

b. two speed operation 

c. positive lubrication 

d. power ram adjustment is recommended during frequent die changes or tipping of the ram for fade out work. 

e. ram position indicators 

Some small press brakes have design features and capabilities which are unique. The dieless-type press brake has two wings instead of a conventional bed. The material being formed is put over the wings and held in position by the upper forming blade with a knife edge. The blade is mounted in a hydraulically-actuated ram. The wings pivot on a hinge pin at the center of the bend radius. Moving upward to the bend radius, the wings push the metal against the stationary forming plate with a wiping action eliminating whipup. The dieless-type brake can be fitted with attachments and can make multiple bends in one operation that would requrie several steps on conventional equipment. Pneumatic press brakes are used for light work and have a cushioned action which makes them useful on draw work. These press brakes are not used for long runs except on very light stock.

SELECTION 

A user should keep the following in mind when a selecting press brake. If a machine is needed to exceed its rated tonnage periodically then a mechanical press brake may be the best choice. If a user works with dies having a high bottom section then a hydraulic press brake is recommended. Speed is an important consideration and a hydraulic press brakes doesn’t cycle its ram in strokes per minute as a mechanical press brake will of the same tonnage.

In the past, only mechanical press brakes were used in high production shops where product output per hour was important. Later hydraulic press brakes overcame the slower output rate by adjusting ram speed within a single stroke. A rapid speed, doubling the basic work speed, is used to do the work and withdraw the ram. Some hydraulic machines offer a third speed which is four times greater than the basic work speed. With this flexibility, the hydraulic press brake can achieve an output rate on long production runs close to comparable mechanically-driven press brakes.

INSPECTION
NON-POWER
1. The throat area in the side frames of large mechanical press brakes should bechecked for frame failure. The ram of the press brake puts great stress on the face of the throat when work to be bent is wider than the housings. The user should look for any indication of cracks, breaks, or welding to repair a break. 

2. Check for parallelism between the bed and ram with a surface gauge. Lower the slide and zero the indicator at any point on the upper die holder and then move the gauge along the lower die holder surface. The indicator will show any deviation from parallelism. Requirements for bedram alignment may vary but generally deviations shouldn’t exceed 0.001 inches/foot. Aslide which falls considerably below this probably has a sprung frame. If the bed is bowed, dies will not match and the work won’t be uniform. 

3. Check the gibbing for visible signs of wear and excessive clearance. Excessive clearance depends on the job. Gibs should be set for a minimum clearance in blanking operations. In draw operations with dies fitted with heel blocks it is sometimes better to set the gibs loosely. The gibs should be checked closely because they’re important in maintaining slide alignment. Gibs will also indicate the overall condition of a press brake. 

4. Examine bearings with a jack and an indicator. Use pressure on the bottom of the ram, lift it, and with an indicator find out if there is excessive wear in the machine’s bearings. Uncover the gear boxes and inspect the gears for broken teeth or other signs of excessive wear. 

UNDER POWER
1. Cycle the machine and check all the controls including the inch controls. Verify what they do and what they’re supposed to do. 

2. Listen to the meshing of gears and for any grinding or grating sounds. 

3. Check for clutch slippage and any sounds in the clutch. 

4. In a hydraulic machine, look for worn hose and leaks around cylinders. Also check to make sure the work lights are working. 

There is no simple formula for a complete analysis of press brakes. It depends on the machinery operations involved like bending, punching, perforating, trimming, blanking, notching or other operations involving different materials. The advice and experience of your machinery dealer is invaluable in helping you make an intelligent choice.

How to Buy a Hydraulic Press

Hydraulic presses are accepted in many industries because of their wide range of use. They are able to produce significant force with perfect regulation through the use of their hydraulic power transmission. Hydraulic presses creates force through the use of fluid pressure on a piston by means of pumps, valves, intensifiers, and accumulators. Present in the hydraulic method of drive transmission is the ability to provide infinite adjustment of stroke speed, length and pressure while staying within the limits of press capacity. Another thing that can be accomplished is full tonnage can be exerted throughout the complete length of the stroke. Hydraulic presses are also widely recommended for extruding and deep drawing operations where applying full tonnage at controlled stroke speed over a long stroke. Hydraulic press frames come in C-type, straight-side type with tie rods, or open-rod design. Open-rod machines have a bed, crown, slide, and two additional rods with the slide guided by the rods rather than by conventional gibs. This allows the loading and unloading from all four sides of the press.

PRINCIPAL PARTS 

· Bed - Flat immovable surface that supports the bolster or dies. 

· Frame - The main structure of the press that holds the cylinder and the working surfaces. 

· Cylinder assembly - Made of a housing, piston, ram, packing, and seals. Piston diameter and oil pressure determines the force of the press. 

· Stroke control rod - Can be set for any distance within the stroke capacity of a cylinder. Adjustable cams which use fixed limit switches to set stroke depth or return length. 

· Bolster - A plate mounted on the bed. 

· Controls - A dual palm button system is usually used. Here, both buttons must be pressed simultaneously to bring the ram down. Circuits are set to raise the ram up if the operator removes his hands. A distance reversal switch is an adjustable cam, a fixed limit switch sets the depth of the stroke at which the ram reversed. A dwell timer sets the length of the dwell at the bottom of the stroke. A pressure reversal switch sets the pres sure at which the ram reverses. 

· Heat exchanger - A water circulation system fixed to the oil reservoir, designed to keep oil at proper temperature. 

· Throat clearance-the distance from the vertical centerline of the ram to the frame member at the back of the bed. The distance measures the largest diameter piece that can be positioned with the part centerline under the center of the ram. 

· Daylight - The vertical clearance from the top of the bed to the underside of the ram in its peak position upwards. It shows the maximum vertical capacity of the press. 

· Work height - The distance from the floor to the bolster. 

· Selection - Hydraulic presses vary from mechanical in that fluid pressure is used to actuate the slide instead of a rotated crankshaft. 

Each method has its own advantages and disadvantages and are better suited for certain operations than others. Hydraulic presses are usually slower in operation than mechanical presses, for this reason they are normally not recommended for the general run of stamping operations when production speed is the priority. Users considering acquiring a hydraulic press should note that they are generally less economical to operate than mechanical presses that can efficiently perform a specific identical duty. The reason for this is that the hydraulics have no mechanism comparable to the mechanical’s flywheel for storing energy. In a hydraulic system, oil pressure in the cylinder falls after each stroke and has to be built up again in a short amount of time. This calls for the use of pumps served by motors, and these pumps take a large amount of electric power to operate. This is why the motor on a hydraulic press typically has several times the capacity as the motor on a mechanical press of similar tonnage. Hydraulic drive systems also place great stress on pipe joints, valves, and seals because its sudden release of pressure with each completed stroke coupled with a contraction of the cylinder and its hydraulic conduits. There are three distinct advantages that hydraulic presses offer.

1. The tonnages are adjustable from zero to the maximum with an overload protection put in. Relieves wear and tear on dies, tools, and the press frame itself. 

2. Constant pressure can be maintained throughout the entire stroke on a hydraulic press and implemented at any pre-determined position. 

3. Drawing speeds are adaptable. When the user decides on purchasing a hydraulic press, he must select one with the correct tonnage. 

INSPECTION
NON-POWER
1. Inspect the press frame carefully, look for cracks, breaks, or welds. 

2. Check visible hearing surfaces and ram ways for scores, gouges, or excessive wear. 

3. Look for parallelism between the bed and the ram with a surface gauge. Lower the slide and zero the indicator at a point on the upper die holder. Move the gauge along the lower die holder surface and the indicator will show any deviation from parallelism. 

4. Inspect all pump parts and valving for excessive wear. If an inspection gauge is not available, then a straight edge should be placed across the bed, if daylight is visible beneath it, a bowed condition is present. 

UNDER POWER
1. Before starting the pump, inspect the rotation of the pump motor and its alignment. 

2. Inspect the setting of the relief valve at low pressure. 

3. Prime the pump and eradicate the system of all air at all locations. 

4. Cycle the machine and inspect all controls after determining the power function and control sequence of the system. 

5. Inspect the piping to make sure the valve ports are connected properly and check valves and free-flowing in the right direction. 

6. Inspect for evidence of oil leaks, especially on the ram, around relief valves, at pipe joints and hose connections, and on limit switches and control wiring. 

7. If accumulators are used, look for broken bladders and low pressure. 

8. If heat exchangers are used, they should be examined for leaks and ability to hold the temperature below 150 degrees. 

9. Run the machine, listen carefully for any adverse noise near the piston, pump, and motor bearings. 

10. After an hour of operation, inspect the filters and strainers for any build-up. 

How to Buy Saws

Saws and filing machines execute the most basic of all metalworking procedures, the cutting of bar stock to proper lengths for machining. It is done in the simplest of ways, substituting mechanically or hydraulically powered motion for hand or arm motion. Saws used on powered sawing machines are made as thin as possible in order to be consistent with tool strength and rigidness. The width of a cut will be close to the width of the saw, this allows the individual teeth of the saw to deepen the cut made by each preceding tooth as it moves through what’s being cut. Straight or curved cuts can be achieved by controlling the direction of feed.

PRINCIPAL PARTS 

The principal parts on a circular saw machine are:

· Bed - The foundation of the machine, provides strength. 

· Speed change hand wheel - Performs speed changes through selective gearing, pickoff gears or sheave changes. 

· Power vertical & Power horizontal clamp - Saw blade to be fed into the work. 

· Automatic bar feed - Feeds work in and out of the machine, smaller-sized machines furnished with auto bar feeds. 

· Feed control - May be mechanical or hydraulic or a combination of both. 

· Stock stop - Provides for positive positioning of the work. 

· Saw head unit - The main drive mechanism. Wideface, closely fitted, ruggedly supported spiral or herringbone gearing is generally used for the final drive to worms and wormgears may also be used for the input drive to eliminate chatter. 

The principal parts on a vertical band saw are:

· Base - A box-like casting housing the main drive unit, speed control mechanism and gear shift. 

· Head Assembly - Accommodates the upper band wheel assembly, job selector mechanism, speed indicator gauge and the band tension indicator. 

· Tension adjustment - Changes the distance between the two wheels carrying the band. Tension on the band makes it more rigid comparable to the more heavier tools. 

· Table - Supports the work as it’s fed into the blade. 

· Chip blower - An air system that removes chips from the cutting areas. 

· Blade shear, welder & grinder - These are provided so the machine can perform internal cutting of shapes. 

TYPES OF SAWING MACHINES 

There are 3 basic types of sawing machines: the power hack saw, the circular saw & the continuous blade band saw.

The power hack saws are depicted by the reciprocating motion of the blade as it cuts. The cutting takes place in only one direction and the saw becomes idle on the return stroke. Hack saws basically follow the same setup: a base and table support the work which is held stationary while sawing, and a C-frame that runs the saw blade. Hydraulic or mechanical drives with speed selection are employed, and three different types of feeds are used.The weight of the C-frame itself maintains pressure that feeds the saw into the cut in gravity feeding. In mechanical friction or hydraulic pressure feeding, the saw is forced into the cut for faster cutting. In a ratchet mechanism, feed may be executed by means of a screw or pawl. Since the stroke is intermittent, hack saws do not have a very fast method of cutting off stock. Their advantage, though, is they are simple in design, easily interchangeable from job to job, and relatively inexpensive to operate and maintain. Hack saws are also available in a wide range of models and sizes, ranging anywhere from manual clamping of a single cut to the more complex automated machines.

The circular sawing machine functions on a milling principle, however unlike conventional milling machines, the diameter of the spindle gear will be smaller than that of the saw blade. This requires careful design characteristics implemented into the machine to guarantee a smooth, powerful drive to the blade without hardly any backlash. That is why wide-face, closely fitted spiral or herringbone gears are used for the final drive, and hourglass worms and wormgears are often used for the input drive to eliminate chatter. Circular sawing machines are distinguished by a round or circular saw blade that is mounted on a power-driven arbor and rotated through the cut. These machines are divided into 3 types: the cold saw, abrasive cutoff machine and the friction saw. Cold saws are the most sturdy and powerful of the saws. Their direct geared drive allows the application of increased cutting speeds, lending itself well to automation and to combine with other machining units. Friction saws operate at high speeds and develop intense frictional heat when coupled with heavy feed pressures and actually melt or burn the metal away as it touches the blade. Teeth, if supplied, serve mainly to carry oxygen into the cut.

Band saws apply a very thin continuous steel loop with hundreds of cutting teeth on one edge. The band is carried on the rims of two or three wheels, one of which is powered by the drive. Friction is created between the band and the wheel prevents slippage. Adjusting of the tension on the band is possible, it gives the band saw a rigidness comparable to that of much heavier tools. There are two basic types of band saw: vertical and horizontal. The vertical saw has one wheel located above the other and a horizontal work table where the band passes. It is commonly recommended for contour sawing, notching, slotting, splitting, serrating and other cutoff operations. The horizontal saw has both wheels in line, so not much additional machining, if any, is required.

While demand for standard controlled bandsaws holds steady, demand for CNC production bandsaws are on the rise. For CNC bandsaws, operators are able to enter the number and length of parts into the CNC and go to other work as the saw cuts the material unattended. This increase in sawing time is also causing a shift in blade requirements. Operators now need blades that last longer to make unattended sawing more productive. Although a blade on modern saws only require two or three minutes to change, the cost of the blade and time to change it add up. Any prolonging of the chipmaking time in between blade changing lowers the cost per cut.

SELECTION 

When selecting a saw it is important to consider the proper size and capacity for efficient production. For example, selecting the right cutoff machine can result in significant cost reductions by eliminating waste, and reducing machining time and labor costs. The capacity of hack or band saws is designated by the maximum square section that can be accommodated by the machine. Standard cutoff saw capacities range from anywhere from 6”x6” up until 24”x24”. Band saw size is designated by throat clearance, the distance between the cutting blade and the rear column which supports the upper band wheel. Standard sizes range from 16” to 60”. The size of a circular saw machine is made by the diameter of the circular blade for which the machine is designed. Sizes range from 10” to 120”.

Vertical & horizontal band saws 

When selecting a vertical or horizontal band saw, you must consider the specific advantages of each machine. User production requirements will then determine which of the two machines is more suitable for your needs. The vertical band saw is recommended for shaping work, simply because it can remove unwanted material both inside and outside. Since the cutting force is uniform on the vertical band machine, clamps and other fixtures are usually not required. However, machining time is low, the downward cutting force is a slicing action, therefore is best used when soft, spongy or honeycomb materials need to be cut without distortion. Vertical band saws come in a range of sizes from small toolroom machines to large production models. Throat depths range from 16” to 60” with band speeds from 35 to 15,000 sfpm and the horsepower from 1 to 15. The horizontal band saw is recommended when speed, high accuracy, low scrap losses and versatility are special priorities in the cutoff operation.

INSPECTION
NON-POWER
1. Check machine’s bed and structure support components for cracks, breaks or welded repairs. Breaks, even if repaired, can affect the machine’s ability to turn out precision work. 

2. Look in gear boxes and confirm the gears are not chipped or worn down. Worn or faulty gears can cause slippage in the drive and feed mechanisms. 

3. Check all ways and slides for signs of excessive wear. Also, check the machine’s table and saw arm. 

UNDER POWER
1. Listen carefully to all gear boxes while machine is running. Proper coordinating of gears is important for chatter-free work. 

2. Look for backlash in the saw blade, minimum back lash is evident that the drive blade is Smooth and rigid. 

3. Check the clamping mechanism, make sure it works properly for accurate cutting. 

4. Make sure the stock stops operate as they should. 

5. Verify the lift roller mechanism is working properly so that work may be easily moved in and out of the machine. 

6. Check the automatic bar feeder. 

7. Examine the chip clearance system and see that it functions properly. 

8. On a power hack saw, see that the force feed and quick return mechanism are properly working. 

9. For hydraulic equipment, look for leaks, noisy valves and pumps. 

10. Run the machine through its complete cycle. See that all feed and speed controls and electrical controls function properly. 

11. Make sure the variable speed adjustment on hydraulic machines are working and that the speeds are adjusted correctly. 

12. After running some work, check the smoothness and uniformity of the finished workpiece and determine if the machine fits your needs. 

How to Buy a Drilling Machine

Drilling machines are generally characterized by means of rotating a cutting tool or advancing it along its own axis into a stationary workpiece to produce a hole near or equal to the size of the cutting tool. Advancing the tool along its own axis is the more critical of the two functions because of the feeding forces required. The rotating of the drill is the more simpler function. Although looked upon as the simplest of all the machining operations, drilling is done in variety of ways. Drilling machines are either mechanically or hydraulically driven, and are floor or table mounted. The axis of cutting tool rotation is vertical, horizontal or adjustable and hole location can be determined by positioning either the spindle or the workpiece. Additional operations are also performed on drilling machines: boring, counterboring, reaming, tapping, and spot-facing are all similar to drilling in the basic machine motions and usually require a drilled hole to begin with.

PRINCIPAL PARTS 

The principal parts of a drilling machine are as follows:

UPRIGHT DRILLING MACHINE 

· Base - the support of the machine, and, in some cases the workpiece itself. 

· Column - the main vertical piece where other components of the machine are mounted on and aligned. Uprights may have a box-type or rounded column. 

· Gear case - mounted at the top of the column and houses the spindle gear. 

· Motor - for tapping operations and is of the reversing type. The power is transmitted from the gear case by the use of shaft, belts, or direct coupling and is located in the back of the column. 

· Shaft - the rotating member which draws the drill, moving either up or down through the gear case as the drill is fed or retracted. Head-holds the feed gearing, run by a feed rod from the gear case and mounts feed selection and direction controls. Automatic feeding cycles may be provided where the drill enters the work and leaves after reaching the proper depth without the operator’s attention. 

· Spindle - equipped with a taper nose to accept tapered shanks of drills, drill-mounting pieces, taps, and reamers. 

· Table - mounted on the column and can be raised and lowered or clamped into position to support the work for proper height of drilling. 

· Round - column machines can have the table swing about the column, giving flexibility in positioning the workpiece even though rigidity is sacrificed. 

RADIAL DRILLING MACHINE 

· Base - foundation of the machine, supports workpiece during drilling operations. 

· Column - contained in outer shell, which is tubular, and is supported by rigid frame that is attached to base. Arm-used to support motor and head, able to move up and down on column and can be clamped at any height you wish. It can also be rotated about the column with the shell and clamped. 

· Head - contains feed and speed gearing and mounts the necessary controls for the different motions of the machine. It can be moved in or out on the arm and can be clamped to position the drilling spindle at different distances from the column. This motion, along with the raising and lowering of the arm, can be done at any point of the machine. 

TYPES OF DRILLING MACHINES 

Drilling machines are divided into five catagories: uprights, radials, horizontals, turret drills, and multiple spindle machines.

UPRIGHTS Upright drilling machines are catagorized by a single vertical spindle that rotates in a fixed position and is supported by a modified C-frame construction. The various types include: simple belt drive, sensitive, geared-feed upright, heavy-duty, precision, and deep-hole drilling machines. The simple belt-drive machines are the most widely used. They are machines that do not have a geared or positive mechanical drive to the spindle. If speed changes are needed, then it is accomplished by the shifting of belts. These machines are either floor or bench mounted.

Geared-feed upright drilling machines offer a wide range of application. Usually, they’re used for medium-sized work or even heavier work where it’s placed on the base in some models. The sensitive uprights are similar in design to the geared-feeds but require the work to be hand fed since their construction and work load is lighter. Heavy-duty production drilling machines are much heavier in construction and can handle heavier work. Most of the models are constructed with hydraulic feed, and in the case of the inverted drilling machine, it drills from the bottom up. Precision drilling machines have their spindles in a fixed postion, this is why they’re catagorized as uprights. These machines were made for use with spacing or positioning tables, and also feature a deep throat or reach. Positioning is accomplished by either mechanical or hydraulic methods and is adaptable to numerical control. Deephole drilling machines were made for, just that, deep hole drilling. A drill gets binded when the depth of a hole is four or five times its diameter, chips accumulate which interferes with its cutting. These machines are able to withdraw the drill and clear the chips by injecting pressurized cutting oil several hundred pounds per square inch. The tool is usually held stationary, although some models have the drill rotating.

RADIALS Radial drilling machines have a radial arm which allows the positioning of the toolhead at various distances from the column, permitting the rotation of the head about the column. Therefore, radial drilling machines have a higher workpiece capacity than uprights. The various types include: standard, horizontal spindle, and universal radial drilling machines. Standard drillers are the most widely used and are designed so that the spindle stays in a vertical position at all times. Horizontal-spindle work on larger workpieces requiring horizontal drilling. Universal drilling machines have no base, instead they have a runway where the column and the column base can be traversed.

HORIZONTALS These machines were made because sometimes it is almost impossible to position workpieces for vertical drilling. The various types include: table-type, way-type, and self-contained drilling machines. Table-types have a rotary table, it allows four sides of a workpiece to be programmable. Way-types are usually single-purpose machines designed around flat or bar-type ways. Self-contained drill units use all types of feeding mechanisms, cam, screw, hydraulic, electronic and air pressure.

TURRET DRILLS Turret drilling machines have a multi-sided spindle turret, very similar components to that of the upright drilling machine. Depending on the number of faces the turret drills have, they offer more flexibility of separate speed adjustments depending on your desired spindle speed.

MULTIPLE SPINDLE Multiple-spindle drilling machines offer a wide variety of spindles from standards to single-purpose production machines. Standard gang drillers consist of two or more standard columns, heads, and spindles that are mounted on a common base. Universal joint drillers allow each spindle to be adjustable within a certain area. In-line drillers have one central drive which drives a number of spindles in a line next to each other. Finally, fixed-spindle production drillers contain a number of spindles arranged in a fixed pattern, getting their power from a series of gears that are driven by a single driver.

SELECTION 

Drilling machines are widely recommended for various jobs because they are simple to operate, easy to set up, and the cost of operation is relatively low. When selecting a driller instead of an alternative machine tool, the user must determine the production requirements best suited for their needs. The user must also decide on the drill type, size, capacity, and power. For example, for a 24 inch upright driller, the spindle size would be slightly larger than 12 inches. The numbers refer to the size of the taper in the spindle and are related to the capacity and power of the machine. The higher the number, the larger the work diameter and horsepower. In standard radials, length of the arm and column diameter are referenced. Universal and horizontal radials are sized by their spindle diameter, usually from 2 to 5 inches. Horizontal way-type and spindle feed units are referenced by horsepower and length of feeding stroke. Turret drillers are referenced by model number and the use of numbers for designating drill capacity, usually by 1, 2, and 3 in uprights. Multiple spindle driller referencing is by model number and size of drilling area. Other production requirements such as maximum feed rate, spindle travel, and maximum height under the spindle should be determined in the selection process.

INSPECTION
NON-POWER
1. Carefully examine the physical condition of the machine, see how it sits. 

2. Inspect the mainline castings carefully by sight and hand, looking for cracks, breaks, and welds. 

3. Closely examine the spindle, check if it has been used properly and is not damaged or scored. 

4. Look in the gear box and spindle gears. Check if they’ve been pitted or cracked. 

UNDER POWER
1. Check for spindle concentricity with the use of a test bar and dial indicator. A spindle with worn bearings means the life of the spindle is near. Spindle run-out should not exceed .0002 inches. 

2. Look for backlash in the spindle feed, this puts strain on the drill when it goes through the workpiece. 

3. Carefully listen to the gear boxes, listen for sounds of grinding or grating. 

4. Put the machine through a complete cycle, carefully checking all electronic controls so that they are working properly. 

5. Run work through the machine making sure it meets all of your production requirements. 

Understanding CNC Machining and their Controls

The goal of any user beginning in CNC should be the understanding of the basic machining practices of operating the CNC machine tool. The four basic areas a programmer should concentrate on are:

1. Understand the machine’s basic components. 

2. Know the machine’s directions of motion or axes. 

3. Familiarize yourself with any machine equipped accessories. 

4. Find out what programmable functions are included with the machine and learn how they are programmed. 

This article helps you learn more about each CNC function as it applies to your CNC machine(s). It explains how and why it functions the way it does and shows you how to adapt with any style of CNC machine tool.

CNC FUNDAMENTALS 

CNC equipment offers important benefits. Improved automation has dramatically cut down the need for a machine operator and CNC’s can run unattended during an entire machining cycle, freeing the operator for other tasks. CNC’s today are unbelievably accurate, especially in repeatability specifications. The flexibility of a CNC can run a variety of different programs and have work pieces leading to fast changeovers and set ups. Motion control is the basic function of any CNC machine. All forms of CNC equipment have 2 or more directions of motion called axes. There are 2 axis types: 1. Lineardriven along a straight path. 2. Rotary- driven along a circular path. On a linear axis , the number of revolutions of the axis drive motor precisely controls the amount of linear motion along the axis and it’s very precise. CNC machines allow motions to be actuated by servomotors instead of turning cranks and handwheels of the past.

COMMAND OF AXIS CONTROL How is axis motion commonly commanded in CNC machines? 

The program “0” point establishes the point of reference for motion commands in a CNC program. This allows the programmer to specify movements from a common location. Be careful though, when in the absolute mode if a motion mistake is commanded in the program only one movement will be wrong. However, if a mistake is made during incremental movements, all motions from the point of origin will be wrong. All CNC controls allow axis motion to be commanded by the use of a coordinate system. The goal here is to utilize a system where the information is commanded simply and logically. There are essentially two systems used for CNC machines: 1. Rectangular or “Cartesian” coordinate system. 2. Polar coordinate system. The rectangular or “Cartesian” coordinate system is the one most commonly used in CNC. With the advent of numerical control, it became necessary to identify the directions of travel that were different from machining of the past. John Parsons, the father of numerical control, started using coordinates to define points on airfoil surfaces. The rectangular Cartesian coordinate system, developed centuries earlier, allows the location of any point on a flat surface or plane to be defined mathematically with reference to two lines (axes) in the same plane and perpendicular to each other. The point of intersection of these two axes can be given a “0” value for dimensioning purposes. Graphing is a very common application since it closely resembles what is needed to cause action motion on a CNC machine. This assumes the absolute mode of programming, where the end points for all motions will be specified from the program “0” point. There is another way of determining end points for axis motion. This is known as the incremental mode. Here, end points for motions are specified from the tool’s current position, not from program “0”.

OFFSETS 

A better way of assigning program zero is through offset. Offsets in your CNC control are storage locations into which numerical values can be placed, keeping you from having to keep entering the number again and again with redundant calculations. Depending on the style of machine tool and type of compensation used, offsets can be used in several different ways: 1. Specifying the precise length of each tool used. 2. Specify the radius of the cutting tool. 3. Assign program zero and allow the operator to hold size with tools within the program. Machining center controllers call it fixture offsets. Turning center manufacturers refer to it as geometry offsets.

INTERPOLATION 

It requires more than determining end points to effectively command motion on most CNC machines. CNC control manufacturers try to make it easy to make movement commands within the program. During linear interpolation, the control will automatically calculate a series of tiny single axis departures, keeping the tool as close to the programmed linear path as possible. It appears the machine is forming a perfectly straight line motion when it’s actually doing linear interpolation. Many applications for CNC machine tools require the machine to form circular motions. This motion type is used to generate radii during machining. Circular motion requires the programmer to specify the radius of the arc to be generated. There are also other types of interpolation. For example, during the thread milling process, the machine must move in a circular manner along the x and y axes while at the same time a third axis (Z) moves in a linear manner. This allows the helix of the thread to be properly machined. This process is called helical interpolation. For turning centers, polar coordinate interpolation can be used to mill contours around the periphery of the workpiece. It allows the programmer to flatten out the rotary axis, treating it as a linear axis in order to make motion commands.

There are three basic motion types: 

1. Modal---they remain in effect until changed. 

2. End point---this motion is specified in each motion command. 

3. Rapid---this motion type is used to command motion at the machine’s fastest possible rate to minimize non-productive time during the machining cycle. 

MODES OF OPERATION 

The most common mistake is having the mode switch in the wrong position. Even though you can see that the mode switch has several positions, there are really only three basic modes of operation:

1. Manual mode---the CNC machine acts like a standard or conventional machine. For example, a CNC machining center acts like a manual milling machine, and a CNC turning center acts like an engine lathe. In the manual mode, the operator is allowed to press buttons, turn hand wheels, and flip switches for the machine to function. 

2. Manual Data Input mode (MDI)---This mode has two positions on the mode switch, the edit position & the MDI position. With the switch in the edit position, a program is entered or modified to the use of a word processor. With the switch in the MDI position, CNC commands are entered through the keyboard and display screen for execution. Both manual modes provide capabilities that can be done in a more automatic way and both involve entering data through the keyboard. 

3. Program Operation mode---This mode has two switches, memory (auto) and tape. They are used to verify programs and run production. The memory (or auto) mode is used to execute programs from the control’s memory. The cursor can scroll through the program while executing, letting the programmer follow the commands being executed. Tape mode, used in earlier days, was the only way to activate programs but with the advent of computers, tape is virtually extinct. Many CNC controls no longer have the option to run tape. 

OPERATING CNC'S 

The operator should document the most important sequences so the machine can function in the desired manner. Learning how to operate a CNC machine is simply knowing when each procedure is required and following the basic sequence to attain the machine’s desired function. Sequences such as powering up, powering down, loading tools, setting offsets, and editing programs are among the things an operator will be doing on a regular basis and can be easily committed to memory. Being able to visualize machining operations that are to be performed during the execution of the program is what the programmer must do.

An operations handbook should be kept nearby for those procedures that are not as often used as the regular functions. They are the type of procedures that make it easy to operate your CNC, providing quick and easy reference material related to key operational procedures. These are the setup sequences for:

1. Measuring program “0” positions. 

2. Tool length information. 

3. Manual & manual data input sequences. 

4. Program loading & saving sequences---for loading programs into memory. 

5. Program editing & display sequences---for displaying a directory of programs in memory. 

6. The program running sequences for verifying and running programs in production. 

VERIFICATION AND SAFETY 

There are three areas of safety you should concern yourself with when working with any machine tool:

1. Operator safety. The operator’s safety is stressed. Sometimes there’s a tendency to short-cut procedures to save time but it’s always recommended to verify procedures. 

2. Machine tool safety. The operator must ensure that no damage to the machine occurs. When a CNC goes down for any period of time, the cost of repairing the machine is usually very little compared to the lost production time. 

3. Workpiece safety. Making sure all work pieces are to size. The cost of rough stock varies dramatically based on the user’s application. 

Typical mistakes made by the programmer and how you can diagnose these problems as they occur are:

1. Syntax mistakes are made when the control is not able to execute the command given to the machine and it’s usually made when a program is entered manually. 

2. Motion mistakes are harder to diagnose and since they deal with motion they’re generally caused by incorrect coordinates. Even if a CNC program is perfectly written, there can still be errors made during the set-up calculations. 

3. Measurements, like tool lengths and diameters, may have to be made regarding the setup and numbers entered into the control before the program is executed. 

4. Omission mistakes are forgetful mistakes when a manual programmer leaves a decimal point out or forgets to put in the feed rate. 

Another procedure used to verify programs has to do with the feed hold button. Always having a finger on the feed hold button is a good idea in case an unexpected rapid motion takes place. Also the machine lock and dry run switches allow the control to scan the program for syntax mistakes. During the program, the spindle will come on, the turret will index, and the control will appear to be actually running the program. A free flowing dry run is a check for motion problems. During this procedure, the operator will turn the machine lock switch to its lowest position and set the rapid override switch to its slowest motion rate. Sometimes this procedure may be repeated several times to make sure the motions are correct. Before running the first workpiece, the operator must execute the cycle once more with the dry run switch turned off. This allows the operator to see one thing that could not be seen during a free flowing dry run.

There are some procedures that can help ensure the tool will machine precisely to size:

1. Consider what the tool will be machining. 

2. Adjust the tool offsets for the tool to machine to size and check to see what direction it’s leaving excess stock. 

3. Allow the tool to completely machine the workpiece. 

4. Measure what the tool has done, rerun the tool, and confirm measurements that the new offset values are correct. 

Even though these safety and verification procedures seem like a great deal of work, it is easily justified when compared to the possible losses and consequences of down time.

Improving your older machines

When production hours on your machine tool start to mount up, there comes a time you ask yourself 'Should I fix up this older machine?' or just purchase another one instead. Rebuilding or retrofitting previously manually operated machine tools provide features which can significantly improve the productivity of the machine and the quality of the work produced. If you choose to fix it up, there are alternatives available to repair older or worn down machine tools.

REBUILDING 

The objective in rebuilding is to get the machine back to its original performance specifications. It is the most commonly used and often the least expensive compared to remanufacturing and retrofitting. It also keeps the machine out of production for the least amount of time. Keep in mind when rebuilding your machine what you may expect from the rebuilder might not be up to your expectations. Every machine tool is not necessarily a candidate for rebuilding, some inexpensive import machines were designed as “throw-aways” from the beginning so they are not conducive to rebuilding. Sometimes restoring a machine to original specifications doesn’t help you compete against higher performance equipment and may not be a smart investment. Many machine tools may still be obsolete even after they are brought back to their original form because of the technological advances that have come out since they were new. Simple attachments can be installed to improve the machine’s performance, for example “bolt-on types” do not require hardly any engineering. Rebuilding your machine tool would be the correct choice if its not producing good parts because of component wear. However, purchasing another specialized machine tool may benefit you more than rebuilding because replacing those special tools can be difficult and expensive.

RETROFITTING 

Retrofitting deals with upgrading the electronic expertise of a machine tool. With the recent rapid changes in technology, especially in electronics, a machine control can be obsolete even before the machine starts showing signs of wear. The retrofitting process renovates the whole electronic system of the machine, including the spindle motors and axis drives. If the machine is mechanically sound, then the retrofit is easily warranted by increased production. Also, replacing wear-prone mechanical components can reduce maintenance cost to your machine. Retrofitting is usually done on the shop floor, this way the machine is out of production for only a short period of time. The machine operators and maintenance personnel can get hands-on-training that will cut down production ramp-up time when the retrofit is finished. Before retrofitting, each movement of a machine element was always initiated or sustained by the manual intervention of the operator, but with CNC there is a shift in the extent of control from operator to machine.

REMANUFACTURING 

Remanufacturing is the building of a new machine on an existing base. This transformation allows you to bring your old machine up to current performance specifications. Remanufacturers refurbish everything: belts, hoses, bearings and motors are all fixed or replaced. They also engineer the parts they’ve reworked to perform beyond what they did when they were new, this is where a remanufacturer deviates from a rebuilder. The reasons for remanufacturing instead of buying new may be compelling considering what your shop produces and what type of equipment you may need. On older machines the castings are more rigid and strong instead of the composite metals they use in new manufacturing machines. Reputable remanufacturers will warrant a remanufactured machine with a new machine tool warranty, just like a new machine tool manufacturer would offer you on a new machine.

RISKS 

Another important consideration are some possible risks that could be involved when refurbishing or retrofitting. A previously manual machine that has been the subject of a CNC retrofit has the mechanical hazards such as entanglement with rotating parts, contact with sharp tools, shearing, crushing and ejection. Unexpected movement and the risk of programming error or fault conditions in the control system may also present hazards. Risk assessment should be conducted when a machine is retrofitted to identify hazards present and initiate the necessary steps needed in order to fulfill legal requirements. Fixed and interlocked guards, which discourage access to the danger zone during operation, should be provided. Another consideration is the location of machine controls. For example, when a guard has been provided but there are difficulties in viewing the machines control panel, then the controls may need to be relocated where the obstruction no longer occurs.

ADVANTAGES 

Even though there may be limitations on how far a machine can be modified to perform beyond its original design parameters, rebuilding, retrofitting or remanufacturing a machine in good condition can be a cost-effective way to help increase your bottom line. The least expensive and least time consuming is rebuilding in getting your machine back to its original functioning capabilities. Going beyond fixing what’s broken is where remanufacturing focuses on making the machines components and capabilities better than they were before. Productivity advantages can be achieved from the get-go since training and maintenance take less time because the operators are already familiar with the new controls during a retrofit. Anything such as adding digital readouts to increasing axis capability can also be accomplished in a retrofit, which gives new life to older conventional machines.

.

Summary
By properly using metal shaping, bending and cutting equipment, the student will be able to cut, drill, and grind metal as they undertake metal working projects.

Evaluation

Each student will operate the drill press, grinder, shear, band saw, iron worker, and take a safety test on each piece of equipment.




Individual Learning Activity

Lesson:
Using Stationary Metal Working Equipment
Assignment:
Choose one of the topics below and research it. Write a report on your findings that answers the question or explains the concept and shows why it is relevant to your life.

1.
Use metal working equipment for shaping, bending and cutting as described by the manufacturer.
Minimum Requirements:

1. Paper must be typed in 12 point font and at least one page in length. The paper may be double-spaced. 

2. At least two credible references must be properly cited.

3. All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

4. Papers will be graded on content (amount of good information, accuracy, etc.) and mechanics (grammar, spelling, and punctuation.)

Due Date:

Points/Grade Available:

Individual Learning Activity Rubric

	Content - offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The paper should include information and issues of state and local importance.
	35 pts.



	Critical Analysis - logical process of analyzing and reporting information that examines and explains the topic selected. The paper should go beyond simply listing facts and must include why the concept is relevant to the student’s life. 
	25 pts.

	Organization- The paper should have an orderly structure that demonstrates a logical flow of ideas.
	15 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the paper should meet all specifications and be executed following rules of proper written English.
	15 pts.


Group Learning Activity

Lesson: 
Using Stationary Metal Working Equipment
Assignment: 
Choose one of the topics below and research it. With your group, prepare a presentation to teach the class your concept.

1.
Use metal working equipment for shaping, bending and cutting as described by the manufacturer.
Your presentation should include the following:

1. A lesson plan outlining exactly what your group will teach and how the information will be taught

2. A Power Point of at least twelve slides

3. Notes containing the information the class will be responsible for (these can be printed and given to the class, written on the board, or part of the Power Point). A copy of the notes will be turned in to the instructor.

4. Some type of interactive activity for the class (game, problem solving activity, interactive model, etc.)

5. Your group must also prepare an assessment for the class. This assessment can be written or oral, but should show the instructor that the class understands and has retained the material being taught.

Due Date:

Points/Grade Available:

All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zer

Group Learning Activity Rubric
	Lesson Plan – The group submits a thorough, detailed lesson plan highlighting the content and organization of their lesson.
	10 pts.

	PowerPoint – The group presents a Power Point of at least twelve slides that contains information and pictures vital to the lesson with additional information or examples for enhancement.
	20 pts.

	Interactive Activity – Some type of interactive activity is used to help teach the lesson. The activity should contribute to the mastery of content and involve the entire class in some way.
	15 pts.

	Assessment – A fair, thorough assessment is prepared and administered based on the information presented to the class. Poor grades on the assessment by a few members of the class are excusable, but if the entire class has difficulty, the points awarded in this category may be lowered at the discretion of the instructor.
	   15 pts.

	Content – The group should cover the concept (within reason) in entirety. The group may study actual lesson plans to help decide what should be emphasized.
	    25 pts.

	Overall Effect – The group is prepared, enthusiastic, and interesting, and the lesson flows smoothly. 
	    15 pts.


Presentation Learning Activity
Lesson:
Using Stationary Metal Working Equipment
Assignment:
Choose one of the topics below, research it, and prepare a presentation that answers the question or explains the concept and shows why it is relevant to your life.

1.
Use metal working equipment for shaping, bending and cutting as described by the manufacturer.
Minimum Requirements:

Oral Report Option

1.   Write a paper on one of the topics and orally present your work to the class.

2.   Paper may be double-spaced and should be at least one page in length, resulting in a two to five minute presentation. 

3.   At least two references must be properly cited. 

4.   The presentation of the report will be graded secondary 

      to the content of the paper.

PowerPoint Option

1. Presentation should be at least ten slides in length

2. Presentation should include at least four photos.

3. Presentation should be two to five minutes in length.

4. Grammar and spelling will be graded by the same standards as any other written assignment.

5. At least two references must be properly cited.

Poster Option:

1. Prepare a poster that answers/explains one of the topics. You will present your poster to the class.

2. Your poster should include both text and graphics that help communicate your research.

3. At least two sources of information should be properly cited on the back of the poster.

4. Neatness and appearance of the poster will be graded.

5. Poster presentation should last two to five minutes.

Due Date:

Points/Grade Available:

For all presentations: All work must be original. No plagiarism! Any use of another’s work or ideas without giving proper credit will result in a zero.

Presentation Learning Activity Rubric

	Content- offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The presentation should include information and issues of state and local importance.
	40 pts.

	Critical Analysis/Organization – The presentation shows a logical process of analyzing and reporting information that examines and explains the topic selected. The presentation should go beyond simply listing facts and must include why the concept is relevant to the student’s life.
	20 pts.

	Presentation – The student makes a genuine effort to present, not just read the material. The student should present with confidence using techniques like eye contact and voice inflexion to make his or her point. Although content takes precedence over presentation, the experience of successfully presenting in front of a class is part of the basis of this assignment.
	25 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the presentation should meet all guidelines set forth and should be executed in proper written English. For the poster, this includes neatness and appearance.
	15 pts.


Essential Question:

How do you use metal working equipment to shape, bend, and cut metals?
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This is to acknowledge that the student has been

SAFETY PRACTICES FOR DRILL PRESSES

. Keep drills properly ground and sharp.
. Tighten chuck securely and remove chuck

key before starting drill press.

. Do not hold pieces by hand unless you have

at least 12 inches leverage.

. Keep hair, neckties, sleeves, etc. secured.
. Keep belt guards always in place.
. Operate drill press only at speed recom-

mended for the particular job.

. Avoid forcing a drill, especially just as it cuts

through.

. Keep floor around drill press free from oil and

scrap materials.

Wear safety goggles or a face shield when
drilling at high speeds.

Remove shavings and chips from drill press
table with brush—not your hands.

above (checked) safety practices.
Date_~~ Signed: Student
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[image: image36.png]DRILL PRESS SAFETY TEST

__ ldentification:
1. Motor 6. Belt and pulley guard 11. Key chuck
2. Head support safety collar 7. Variable speed pilot wheel 12. Tilt angle scale
3. Pilot wheel feed , 8. Switch 13. Tilting table
4. Table locking clamp 9. Depth stop 14. Lower table or base
5. Column 10. Quill Tock

True or False:

1. T 5. T 9. F 13. F
2. T 6. T 10. T 14, T
3. T 7. F 11. T 15. F
4. T 8. T 12. F 16. F
N
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Arc Welder:Arc Welder. Supplies AC, DC+, and DC-.
(Arc Welding) arc1.jpg 
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Shear.:Shear. Used for cutting sheet metal.
(Cold and Hot Metal) shear2.jpg 
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Hydraulic Shear:Hydraulic Shear.
(Cold and Hot Metal) shear1.jpg 

[image: image39.jpg]



Grinder:Grinder. Used for shaping and sharpening metal.
(Cold and Hot Metal) grinder.jpg 
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Drill Press:Drill Press. Used for boring holes in metal, wood, and plastics.
(Cold and Hot Metal) spower6.jpg 
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Sheet Metal Brake:Sheet Metal Brake. Used for bending sheet metal.
(Cold and Hot Metal) brake.jpg 
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Band Saw:Band Saw. Used for making curved cuts.
(Wood/Construction) spower5.jpg 
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