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[bookmark: _Toc12610572]Introduction

Responsibility, respect, dedication, gratitude, Innovation, Collaboration, Understanding
Responsibility -- the state of being required or expected to justify actions or decisions.
Respect -- a feeling of deep admiration for someone or something elicited by their abilities, qualities, or achievements.
Dedication -- the quality of being committed to a task or purpose.
Gratitude -- the quality of being thankful; readiness to show appreciation for and to return kindness.
Innovation – the act of making changes in something established, primarily by introducing new methods, ideas, or products.
Collaboration -- the action of working with someone to produce or create something.
Understanding – perceive the intended function of systems, processes, and first principles.
The safety, health, and well-being are of primary importance to the CAMP faculty, staff, and students. Health and wellbeing, both mentally and physically, are values that CAMP members work for. Attached are the expectations and procedures expected of each and every member of CAMP for when he or she is in the lab.
[bookmark: _Toc12610573]Philosophy of the dedicated student athlete
The dedicated CAMP student is your next step to becoming a better engineer.  It is a full time job that you do not get paid for, even though you will spend countless hours promoting and serving this school in the community.  The expectations of a CAMP student are not that much unlike that of the dedicated student athlete.
While the average college student schedules classes later than 10 a.m., most student athletes have already been up since 6 and have gone to practice and lifted weights. We must schedule our classes around our practices to make sure that we can give 100 percent in the classroom and at practice. I mean let’s face it; bad grades mean we can’t compete. Some student athletes get the joy of going to class sweaty after lifting weights and not having any time to shower, whereas your average sorority girl comes in wearing a $500 outfit, straightened hair, and a full face of makeup. It is a blessing to somewhat look decent going to class if you’re a student athlete.
When the average student shows up to class 45 minutes late, it often infuriates the student athlete that has been up since the crack of dawn and must be on time to class never knowing if there is a class checker there making sure you’re on time. We overhear the plans of what frat/sorority socials and parties are being held on weeknights and know that if we even want to survive the next morning, there is no way we can go out. As I said, collegiate athletics takes full dedication. Some might say that student athletes are not smart, and they’re only there to play sports. My response to that would try doing “20 hours” a week of practice and then being attentive every day in class (and all you college athletes know why that 20 hours is in quotations). It is not easy to be on top of all the work all the time when the majority of the time you just want to fall asleep. The free time that we do have is spent at study hall getting mandatory hours and studying for upcoming tests. Our lives are practically spent complying to the rules our universities and the NCAA. Although it might seem that I am making an argument for why student athletes have it harder, we actually are the blessed ones.—Sydney -- https://www.theodysseyonline.com/means-collegiate-athlete
What do practices look like for the dedicated CAMP student?  What will your “20 hours” a week look like?  What will your mandatory study hours look like?  Which parties will you need to say no to, to be the dedicated CAMP student?
[bookmark: _Toc12610574]Hours of operation
Tuesday – Friday, 8 am to 5 pm, Saturday, 8 am to 4 pm, or when CAMP engineering staff is available.  All hours of operation are subject to change without prior notice.
[bookmark: _Toc12610575]CAT LAB EXPECTATIONS

5S Measures

Sort
Eliminate all unnecessary items
Straighten
Return tools, equipment, and materials to their designated locations.
Return all chairs and non-stationary items to their designated locations.
Sweep
Vacuum or sweep debris from all tables, machines, and floor.
Standardize
Involve all team members in maintaining and improving 5S standards within the lab.
Sustain
Maintain 5S Measures in the last 3-5 minutes of your time in the lab.

[bookmark: _Toc12610576]General Laboratory Safety Expectations
Safety rules and standards are developed and instituted for two purposes. First and paramount, they protect occupants of the laboratory and others nearby. Second, they protect laboratory equipment and facilities. Standards from the Occupational Safety and Health Administration (OSHA) and other regulations state the minimum requirements for safety and health.
All students desiring to use CAMP equipment must participate or review the general safety seminar, pass the CAMP lab safety quiz, and sign the camp student safety agreement.
 In addition, any student who desires to use equipment with a hazard class (4) or (5) must also complete an operation and safety review.  This review will be performed by a designated senior, grad student, or trained faculty/staff.  Record of completion will be noted in the student’s safety agreement.
	CAMP TOOL HAZARD CLASS

	 
	 
	 
	Freshman
	Sophomore
	Junior, Senior, Grad

	Hazard Class
	 
	Tool Description
	 
	 
	 

	1
	 
	Low-power hand or small bench tools, such as palm sanders, soldering irons, and heat guns
	
	
	

	2
	 
	Medium-power tools, such as jigsaws and hand drills
	Peer buddy
	Peer Buddy
	

	3
	 
	Powerful portable and small benchtop tools such as a chop saw, and arbor press.
	Peer buddy
	Peer Buddy
	Peer buddy

	4
	 
	Light industrial tools, such as welder, tube bender, hydraulic press, or bench top drill presses
	Mentor or Supervisor
	Mentor or Supervisor
	Peer buddy

	5
	 
	Large industrial tools, such as full-sized metal lathes and milling machines
	Not Available
	Mentor or Supervisor
	Mentor or Supervisor

	 
	
	
	
	
	 

	 
	
	Peer buddy is a person who will watch and participate in ensuring a safe operation who is also checked off to operate the machine.

	 
	
	The mentor is an experienced Senior, Grad, or trained Faculty/Staff who are checked off to be a mentor.
	 

	 
	 
	The supervisor is a staff or faculty member with professional level of experience

	 


All shop Supervisors, Mentors, and Buddies must:
Have a complete understanding of ALL applicable shop rules.
Ensure and enforce safety compliance at all times.
Report all safety incidents to appropriate CAMP staff.
Impose all shop rules relating to attire and personal protective equipment (PPE).
Possess an awareness of all safety equipment, emergency procedures, and egress paths.
Restrict access to authorized individuals only.
Shop Supervisors are staff or faculty with professional-level training and experience in applicable tool set-up, use, and maintenance.
Shop Supervisors must:
Perform basic shop safety orientation.
Class (5) tools, perform extensive hands-on training resulting in students demonstrating competency in tool use.
Administer a competency check.
Ensure for Class (2) thru (5) tools the Student Safety Agreement is completed and signed for each person authorized to use the shop.
Ensure all required safety training has been completed.
Provide supervision for all shop activities when considered necessary.
Mentors are students authorized by Shop Supervisors to monitor shop activities.  They have completed all shop training requirements for tools which they are actively monitoring.  Students who have completed professional-level of training or proven proficiency for specific Class (4) or (5) equipment may also complete training and administer competency checks for said equipment as a mentor.  This will be noted in the student’s safety agreement by a supervisor.
Mentors must:
Comply with all Shop Rules.
Understand the scope of work to be performed in the shop.
Ensure proper attire is worn as well as all required personal protective equipment.
Maintain a clear line of sight to all work being performed at all times.
Not work on any projects or with any tools or equipment when providing oversight of the shop.
Buddies are individuals who have completed the basic shop safety orientation and completed any training requirements for equipment in which they are actively a buddy.  Buddies are never assigned sole oversight for a shop activity at any time.
Buddies must:
Comply with all Shop Rules.
Ensure proper attire is worn as well as all required personal protective equipment
Have a clear understanding of each other’s shop activities.
Know how to summon emergency assistance.
Maintain a clear line of sight to all work being performed at all times.
[bookmark: _Toc12610577]Importance and Benefits of Safety Rules
These rules are meant to help students realize that they are responsible for their own safety, that of other members in the group, neighboring groups, the teaching assistant, the professor, and visitors. Each of those persons has a mutual responsibility for the safety of every other person in the laboratory.  The easiest way to understand the hazards associated with laboratory work, equipment, and chemicals are to provide a set of safety rules. These rules are designed to enhance laboratory safety by identifying and prohibiting unsafe actions. 
[bookmark: _Toc12610578] Student Rights
Acceptance of safety and health as part of every project will be enhanced if an atmosphere is created in which you feel free to correct each other and to point out deficiencies on the part of the faculty and staff directly to them. It must be absolutely clear that each CAMP student has the right and the responsibility to identify unsafe actions, procedures or conditions without jeopardizing access to CAMP resources.

[bookmark: _Toc12610579]General Safety Rules
Do not work alone in the shop.  There must always be two people in the lab at all times.
CAT Lab Hours of Operation are T-F 8:00 am to 5:00 pm, Sa 8:00 am to 4:00 pm with proper supervision, no exceptions.  
Operate all equipment with training and the proper peer buddy, mentor, or supervisor. 
Under no circumstances is there to be cutting, grinding or sanding of cured carbon fiber or fiberglass.
Any chemical containing, including derivatives of, benzene, formaldehyde, toluene, styrene, isocyanate or perchloroethylene are not permitted.
Get permission first; have your plan okayed by Dr. Dolan, or Dr. Koontz
No Horseplay in the Lab.
Safety glasses with side shields and plastic lenses must meet ANSI Standard Z87.11976 and will be worn at all times in the shop when work is going on anywhere.
Sandals, open-toed shoes, high-heeled shoes, and shoes (or boots) with holes in the soles or having canvas uppers will not be worn in the laboratory. Shirts or blouses are required in the laboratories. Shorts and skirts are not permitted.
No Loose Clothing and Long Hair must be tied up.  Roll up sleeves.  No headsets.  No shorts.
Prescription drugs.  If the law or the doctor states that you are not allowed to drive, then you should not be working in the shop.
Always report defective machines to the student supervisors, Dr. Dolan, or Dr. Koontz
Keep your hands to yourself.
If you do not know how to operate the tool ask.
Don’t’ become so aggressive in your manufacturing that you forget how dangerous this shop is.
Sleep deprivation is just as dangerous as alcohol/drug abuse as far as the shop is concerned!
Contact lenses will not be worn in the laboratory when vapors or fumes are present.
Each student must know the use and location of all first aid and emergency equipment in the laboratories, shops, and storage areas.
Each student must know the emergency telephone numbers to summon the firefighters, police, emergency medical service or other emergency response services. These numbers must be posted at many places throughout the building.
Each student must be familiar with all elements of fire safety: alarm, evacuation and assembly, fire containment and suppression, rescue, and facilities evaluation.
Ungrounded wiring and two wire extension cords are prohibited. Worn or frayed extension cords or those with broken connections or exposed wiring must not be used. All electrical devices must be grounded before they are turned on.
Each student must be familiar with an approved emergency shutdown procedure before initiating any experiment.
No deviation from approved equipment operating procedures is permitted.
All laboratory aisles and exits must remain clear and unblocked.
All containers must be labeled as to content, composition, and appropriate hazard warning: flammable, explosive, corrosive, toxic, etc. The student's name and the date the container was filled must be on the label.
The instructions on all warning signs must be read and obeyed.
Good housekeeping must be practiced in the laboratories, shops, and storage areas.
All injuries, accidents, and "near misses" must be reported to the Laboratory Director. The Accident Report must be completed as soon as possible after the event by the Laboratory Director.
All chemical spills are to be reported to CAMP staff, whose directions must be followed for containment and cleanup. 
No tools, supplies, or any other items may be tossed from one person to another.
No material, even water, should be pipetted or siphoned by mouth.
Compressed gas cylinders must be secured at all times. Proper safety procedures must be followed when moving compressed gas cylinders. Cylinders not in use must be capped.
Students are never to play with compressed gas hoses or lines or point their discharges at any person.
Do not use adapters or try to modify any gas regulator or connection.
There will be no open flames or heating elements used when volatile chemicals are exposed to air.
Personal items brought into the laboratory must be limited to those things necessary for the project and should not be stored in the laboratory for extended periods of time. 

[bookmark: _Toc12610580]Consequences to breaking CAMP Policies
	All class (α) rules are considered a zero-tolerance rule.  This means that a single violation of these rules will result in the loss of use of the CAT lab and the equipment in the shop for that school year.  Violations of these rules may also be sent to student conduct for review.
	All class (β) rules will follow a three strike rule.  This means that a student who violates any single rule or combination of the class (β) rules will result in the loss of use of the CAT lab and the equipment in the shop.

[bookmark: _Toc12610581]Reinstatement of CAT lab use
	Once a student has received three strikes for violation of a class (β) rule, a written reflection piece must be completed, focusing on the core values of the CAMP organization.  This piece will be reviewed by CAMP staff, and a determination of reinstatement will be made.

[bookmark: _Toc12610582]Be aware of your bad habits.  
Let falling things fall!!
Do NOT fall for the Catching the bus syndrome.  Trying to push the danger away or catching the danger.
Do not adjust a machine unless it is off in two locations.
No quick or rapid movements.
No leaning on a machine during operation.
Keep the work area clean.
Be aware of the surroundings.
“RTFB” – Read the book before you start your work.
Do not suffer in silence; let people know that there is a problem.  Let out a good yell.
Never, Never, Never leave a chuck key in the chuck!!!!!!!!!
Always turn the machine on with the same hand you hold the chuck key.
Let a machine stop completely before doing anything.
Machine tool should only be operated by one (1) person.
Never let your fingers get close to a moving cutting tool!
Never let an individual seek medical attention on their own if they are injured in the shop.  Escort them to the first aid station, or hospital.  This means holding them by the arm.   Not walking behind them.

[bookmark: _Toc12610583]CAMP Procedure and Process Documentation
[bookmark: _Toc12610584]Mechanical Component Procedure
All parts to be produced in the CAT lab that require the use of hazard class (4) or (5) must have a “CAMP Part Manufacture Plan” completed.  (See CAMP Part Manufacture Plan TEMPLATE) This plan will be reviewed by CAMP engineering staff and once approval has been given, arrangements can be made to produce the part on the appropriate equipment. 
	CAMP TOOL HAZARD CLASS

	 
	 
	 
	Freshman
	Sophomore
	Junior, Senior, Grad

	Hazard Class
	 
	Tool Description
	 
	 
	 

	1
	 
	Low-power hand or small bench tools, such as palm sanders, soldering irons, and heat guns
	No Supervision
	No Supervision
	No Supervision

	2
	 
	Medium-power tools, such as jigsaws and hand drills
	Peer buddy
	Peer Buddy
	No Supervision

	3
	 
	Powerful portable and small benchtop tools such as a chop saw, and arbor press.
	Peer buddy
	Peer Buddy
	Peer buddy

	4
	 
	Light industrial tools, such as welder, tube bender, hydraulic press, or bench top drill presses
	Mentor or Supervisor
	Mentor or Supervisor
	Peer buddy

	5
	 
	Large industrial tools, such as full-sized metal lathes and milling machines
	Not Available
	Mentor or Supervisor
	Mentor or Supervisor

	 
	
	
	
	
	 

	 
	
	Peer buddy is a person who will watch and participate in ensuring a safe operation

	 
	
	The mentor is an experienced Senior, Grad, or trained Faculty/Staff
	 

	 
	 
	The supervisor is a staff or faculty member with professional level training
	 


If the equipment you would like to operate does not have an SOP on file complete the SOP for that equipment.  Once complete, please name the file:”equipment”_CAMP_SOP.docx, meet with CAMP engineering staff for review, once reviewed.
 
[bookmark: _Toc12610585]Chemical Use Procedure
As per SDSMT policy VII-03 All laboratory chemicals, laboratory instruments containing chemicals, biological materials, and radioactive materials will be obtained/purchased through the campus chemical storeroom unless prior approval is obtained from the storeroom. Chemical inventories are required of all areas containing chemicals to ensure compliance with Federal, State, and Local requirements. The chemical inventory database provides these inventories for laboratory chemicals. A chemical inventory shall be maintained and provided upon request for non-laboratory areas (i.e., shop chemicals, custodial chemicals, etc.).
This policy also defines lab and shop chemical as: 
Lab Chemical – Chemicals used in academic and research projects that do not fit the definitions of a shop chemical or custodial chemical.
Shop Chemical – Non-laboratory grade chemicals purchased from hardware distributors (i.e., Ace Hardware, McMaster-Carr, etc.).
To comply with policy VII-03, CAMP has the following procedure for the purchase, inventory, and use of shop chemicals.

All chemicals used in the CAT lab must have the SDS approved/reviewed by Dr. Koontz before use or storage in the CAT lab.
All chemical unless otherwise noted must have an approved use specific procedure (SOP) on file in the CAT lab.  This procedure shall include location, personal protective equipment use, intended use, storage, spill instructions, the location of use, and any other useful information pertaining to the use of the chemical.  See the included template (CAMP Standard Operating Procedures for Shop Chemicals).  Once complete, please name the file: chemical name_CAMP_chemical_SOP.docx , send this file to Dr. Koontz for inclusion in the Chemical & Safety Procedures Book.
For general chemical and lab, procedures review the SDSMT Chemical hygiene and Lab safety manual.   https://www.sdsmt.edu/Campus-Services/Environmental-Health-and-Safety/ located under lab safety heading.
[bookmark: _Toc12610586]Specific Procedure Exemptions
Excluded chemicals from the specific procedure requirement are those that contain no signal word or the warning signal word in addition to only being an irritant or skin sensitizer (exclamation mark pictogram).  Also included in the process exclusion are chemicals with an NFPA Hazard ID: Health <=1, Flammability <=3, Reactivity <=1.  
Chemicals with the Danger signal word and are not included in the NFPA exemption will require a more extended evaluation period, including but not limited to multiple meetings discussing the specific need for such a chemical and consideration of less hazardous alternatives.  This chemical may also need to be approved by Margret Smallbrock (Margret.smallbrock@sdsmt.edu), the campus environmental health and safety manager for the university.  Allow at least 8 weeks for this approval process.
Excluded from specific procedure approval are the following:
motor fuels – used in vehicle engines
motor oils – used in vehicle engines
motor coolant – used in vehicle engines
All equipment in the CAT lab will be assigned a hazard class, which will determine who and with what supervision is required.  Mechanical specific processes exemption includes any tool listed as a hazard class of (1) and (2).
Even if a chemical or process meets the specific procedure exemption or bulk exemption CAMP reserves the right to require a specific procedure for any chemical or mechanical process implemented by CAMP student projects.
[bookmark: _Toc12610587]Restricted Chemicals and/or Processes
Under no circumstances is there to be cutting, grinding or sanding of cured carbon fiber or fiberglass.
If you are planning on using carbon fiber or fiberglass, you should complete all work throught the CAPE lab. 
Any chemical containing, including derivatives of, benzene, formaldehyde, toluene, styrene, isocyanate or perchloroethylene are not permitted.
[bookmark: _Toc12610588]CAPE Team Support Policy
The CAPE lab is available to students complete any carbon fiber or fiberglass work.  This lab is a user-fee based system and as such all teams need to be aware of the process and cost associated with a design that used carbon fiber or fiberglass.
Any teams, who wish to make use of the CAPE facility, must follow the policy and procedures located at: www.sdsmt.edu/research/research-laboratories/CAPE/safety-and-training 
Review the CAPE Student Team Support Policy, the CAPE Support Request Template, the CAPE Support Commitment Template, and the CAPE Composite Part Manufacture Plan Template.
Key Points:
Each team must have a minimum of one member who has completed, or is enrolled in, and passing, the “Composites Manufacturing” course, CBE/MET-489.
Support Request must be submitted by September 30th
CAPE operates as a user-fee based laboratory.
At the end of the year, the team is required to submit a report summarizing the past year’s projects, successes and needs for improvement.
NOTE: This process is also required to build thermoplastic MDF mold(s) in the large CNC operated by the CAPE lab.
[bookmark: _Toc12610589]SDSMT MSDS Electronic Chemical Inventory
Regardless of the procedure requirement all SDS or the older MSDS must be approved by Dr. Koontz and be available on the universities electronic MSDS inventory.  https://www.sdsmt.edu/Campus-Services/Environmental-Health-and-Safety/University-Chemical-Storeroom/ 
If you chemical is not located in this inventory, once your chemical is approved the SDS can be submitted to Aaron Grimm (aaron.grimm@sdsmt.edu) for inclusion in the campus inventory.
Once the chemicals are approved by Dr. Koontz forward approved chemicals to the campus chemical storeroom (if they are not already on this list) –  aaron.grimm@sdsmt.edu – to get it listed on the online MSDS. You can find that here: http://www.sdsmt.edu/Campus-Services/Environmental-Health-and-Safety/University-Chemical-Storeroom/  Look under Campus MSDS, then enter Mechanical Engineering as location, etc.
BE AWARE, chemicals included in the university electronic inventory is NOT permission to use said chemical in the CAT lab.  Approved chemicals and procedures along with the SDS and SOP will be located on the asset tiger inventory.
[bookmark: _Toc12610590]Chemical Storage and Inventory Requirements
Please make sure chemicals that are stored in your area have been approved and are indeed stored correctly.
Please keep everything that has been approved on an inventory sheet called APPROVED CHEMICALS LIST in your work area so that if Environmental Health and Safety people come through and request to see the chemicals we have on hand, we can quickly produce that. My suggestion would be to keep this on your team drive and a printed copy in your work area.  Also, keep a copy of the current procedure for chemical under your control.
[bookmark: _Toc12610591]Chemical Purchasing
If you want to order a chemical – whether it be shop or lab, please first check the Campus Storeroom Inventory, also found at http://www.sdsmt.edu/Campus-Services/Environmental-Health-and-Safety/University-Chemical-Storeroom/ We are trying to keep items on hand – especially if you request to keep X amount in the storeroom for quick ordering occasions.   All lab chemicals must be ordered through the storeroom; some shop chemicals may be purchased through CAMP with prior approval from Dr. Koontz.  If you need to get a shop chemical, something that is more free for teams to purchase on your own, you will need the STANDARD OPERATION PROCEDURES for SHOP CHEMICALS template. Also, attach SDS or MSDS.
[bookmark: _Toc12610592]Disposal
If you need to dispose of old chemicals or things you no longer need, please place them on a table near the garage door – or a safe spot in your respective lab and record it on the WASTE TURN IN INVENTORY. Please use a sharpie to write a number on the chemical itself that corresponds to the same number on the turn in the sheet. Alert Kim that items need to be discarded.
Barcodes will then be provided to put on your chemicals. The barcode system only applies to chemstore chemicals; this does not apply to shop chemicals. But all chemicals do need to be clearly labeled.
Leftover material from mechanical processes must be disposed of in the appropriate recycling bin, scrap material bin, or garbage as deemed appropriate with preference given to the recycling bin.


[bookmark: _Toc12610593]Metal Working Machines – General Safety
[bookmark: _Toc12610594]What are some basic tips to know when using metal working machines?
Check and adjust all safety devices before each job.
Ensure that the guards are in position and in good working condition before operating.
Ensure that all stationary equipment is anchored securely to the floor.
Ensure all machines have a start/stop button within easy reach of the operator.
Each machine should have only one operator at one time. However, everyone should know how to stop the machine in an emergency.
Ensure that keys and adjusting wrenches have been removed from the machine before turning on the power. Provide a convenient tool rack.
Ensure that all cutting tools and blades are clean and sharp. They should be able to cut freely without being forced.
Stop the machine before measuring, cleaning or making any adjustments.
Use a vacuum, brush or rake to remove cuttings. Do not handle cuttings by hand because they are very sharp.
Keep hands away from the cutting head and all moving parts.
Avoid awkward operations and hand positions. A sudden slip could cause the hand to move into the cutting tool or blade.
Return all portable tooling to their proper storage place after use.
Clean all tools after use.
Keep work area clean, well swept, and well lit.
Ensure there is enough room around the machine to do the job safely.
Obtain first aid immediately for all injuries.
Understand that the health and fire hazards can vary from material to material. Make sure all appropriate precautions are taken.
Clean machines, ducts, hoods and other areas if there is the possibility of a combustible dust situation. Some metal dust can pose a severe risk of explosion.
[bookmark: _Toc12610595]What should you avoid doing when using metalworking machines?
Do not distract an operator. Horseplay can lead to injuries and should be strictly prohibited.
Do not wear loose clothing, gloves, neckties, rings, bracelets or other jewelry that can become entangled in moving parts. Confine long hair.
Do not remove cuttings by hand. Wait until the machine has stopped running to clear cuttings with a vacuum, brush or rake.
Do not leave machines running unattended. Turn power off.
Do not free a stalled cutter without turning the power off first.
Do not clean hands with cutting fluids.
Do not use rags near moving parts of machines.
Do not use compressed air to blow debris from machines or to clean dirt from clothes.
[bookmark: _Toc12610596]What personal protective equipment might I need?
Use the appropriate safety equipment for the job. Wear certified safety glasses with side shields or goggles. Prescription eyeglasses are not substitutes for safety glasses.
Wear appropriate safety footwear.
Wear hearing protection when required. If you have trouble hearing someone speak from three (3) feet away, the noise level from the machine is too high. Damage to hearing may occur.
[bookmark: _Toc12610597]Metalworking Machines – Milling Machines
[bookmark: _Toc12610598]What should you know before using a milling machine?
Read the owner's manual carefully.
Make sure you understand instructions and are adequately trained before operating a milling machine.
[bookmark: _Toc12610599]What are some safe work principles to follow when using a milling machine?
Wear appropriate safety glasses.
Ensure that the milling machine has a start/stop button within easy reach of the operator.
Ensure that the work piece and cutter are mounted securely before taking a cut.
Check that work is mounted squarely.
Mount work in a vise that is bolted or held magnetically to the table. Use proper hand tools to make adjustments.
Hold milling cutters with a cloth to avoid being cut when handling them.
Move table as far as possible from cutter while setting up work to avoid injuring your hands.
Mill the largest surface first.
Keep hands, brushes, and rags away from the revolving milling cutter.
Use a vacuum, brush or rake to remove cuttings only after the cutters have stopped moving.
Change cutting compounds periodically.
Keep cutters sharpened correctly and in good condition.
Keep working surface clear of scraps, tools, and materials.
Remove cutting tools from spindle when cleaning the machine.
Keep floor around the milling machine free of oil and grease.
Use lifting equipment when appropriate to move heavy work to or from milling machines.
Make sure the power is off before changing cutters.
Always stay at the machine when it is in operation.
[bookmark: _Toc12610600]Before starting the machine, what should you check?
Before starting, make sure that:
all guards are in place;
work is appropriately secured in place;
bolts used to hold down work clear the tooling;
tooling and supporting pieces are properly tightened in position;
table stops are secured properly;
handles on all feed screws are in neutral;
the table is free of stock, tools or other loose material;
the arbor and arbor support are clear of the work;
the cutter is rotating in the right direction.
[bookmark: _Toc12610601]What should you consider when setting the cutting speed?
Ensure that the following factors are considered when setting cutting speed:
material to be machined;
type of cutter;
finish required;
the depth of cut;
the rigidity of machine and work piece.
[bookmark: _Toc12610602]What are some things you should avoid doing?
Do not wear gloves, rings, watches or loose clothing. Tie back long hair.
Do not attempt to mount, measure, or adjust work until cutter is completely stopped.
Do not use an excessively heavy cut or feed as it can cause the cutter to break. The flying pieces could cause serious injury.
Do not reach over or near a revolving cutter. Keep hands at least 12 in. from a revolving cutter.
Do not lean or rest hands on a moving table.
Do not make any adjustments while the machine is running.
Do not use paper shims to check the distance from the cutter to the stock.
Do not move the operating levers without knowing what they control and what action is going to take place.
Do not leave the machine unattended while it is running.
[bookmark: _Toc12610603]Metalworking Machines – Drill Presses
[bookmark: _Toc12610604]What should you do before using a drill press?
Drill presses can be dangerous if not used correctly.
Read the owner's manual carefully.
Make sure you understand the instructions and are properly trained before operating a drill press.
[bookmark: _Toc12610605]What are some safe work practices to know when using a drill press?
Wear appropriate safety glasses.
Ensure that the drill press has a start/stop button within easy reach of the operator.
Use a vacuum, brush or rake to remove cuttings.
Remove burrs and chips from a drilled hole. When making deep holes, clean out the hole frequently.
Use a clamp or drill vise to prevent work from spinning.
Make sure the drill bit or cutting tool is locked securely in the chuck. Remove the chuck key before starting the drill press.
Lubricate drill bit when drilling metal.
Reduce the drilling pressure when the drill begins to break through the workpiece. This action prevents the drill from pulling into the work and breaking.
Keep drill bits clean and sharp. Dull drills are a common cause of breakage.
Keep floor around the drill press free of oil and grease.
Keep the working surface clean of scraps, tools, and materials.
Keep guards in place and in good working order.
Shut off power before removing the drill bit.
[bookmark: _Toc12610606]What are some thinGs you should avoid doing?
Do not wear any loose clothing or ties. Roll sleeves above the elbow to prevent them from being caught in revolving parts. Confine long hair.
Do not wear gloves, rings, watches, or bracelets while working with a drill press.
Do not set speeds, adjust, or measure work until the machine is completely stopped.
Do not force the drill with extra pressure.
Do not leave chuck key in the drill chuck. Make adjustments and remove key immediately.
Do not hold work by hand when drilling holes; secure the work with clamps or vices.
Do not place hands under the stock being drilled.
Do not stop rotation of chuck and spindle with your hand.
Do not remove a broken drill with a center punch and hammer.
Do not leave the drill press running unattended.
[bookmark: _Toc12610607]Metalworking Machines – Lathes
[bookmark: _Toc12610608]What should you know before using a lathe?
Lathes can be dangerous if not used correctly.
Read the owner's manual carefully.
Make sure you understand instructions and are properly trained before operating a lathe.
[bookmark: _Toc12610609]What are some good safety principles to follow when using a lathe?
Wear appropriate safety glasses. It may be necessary for others in the area to wear safety glasses too as objects will fly off the work.
Ensure entanglement hazards are removed (e.g., loose clothing, jewelry, etc.).
Keep the floor free from obstructions, or slip hazards.
Ensure that lathe has a start/stop button within easy reach of the operator.
Follow job specifications for the speed, feed and depth of cut for materials being turned. Make sure all work runs true and centered.
Centre-drill work deeply enough to provide support for the piece while it is turning.
Secure and clamp the piece being worked.
Adjust tool and tool rest so that they are slightly above the center of the work.
Use a lifting device to handle heavy chucks or work.
Inspect chucks for wear or damage. Flying pieces can be very dangerous.
Remove chuck wrench immediately after adjusting chuck.
Use a barrier guard when operating the lathe in semi-automatic or automatic mode.
Guard all power transmission parts.
Remove all tools, measuring instruments and other objects from saddle or lathe bed before starting the machine.
Keep all lathe cutting tools sharp.
Ensure that the chip and coolant shields are in place.
Shut off the power supply to the motor before mounting or removing accessories.
Stop lathe before taking measurements of any kind.
Use a vacuum, brush or rake to remove cuttings only after the lathe has stopped moving.
Keep working surface clean of scraps, tools, and materials.
Keep floor around lathe clean and free of oil and grease.
[bookmark: _Toc12610610]What steps should you follow when filing?
This procedure is done by hand. Take extra care because it involves reaching over rotating work.
Cover lathe bed with paper.
Set lathe at twice the speed used for turning.
Adjust work freely between centers. If available, use a rotating dead center.
Disengage lead screw by placing the reverse lever in a neutral position.
Select a suitable long-handled lathe or mill file with a properly fitted handle.
Grip file handles in left hand and use the fingers of the right hand to balance and guide the file at the point. This method ensures that arms and hands will be clear of the headstock.
Move file along work after each stroke so that each cut overlaps approximately one half the width of the file.
Use long strokes, applying pressure only on a forward stroke.
Use approximately 40 strokes per minute.
Clean, loaded file with file brush and rub file teeth with a little chalk.
[bookmark: _Toc12610611]What are some things you should avoid doing?
Do not wear gloves, rings, watches or loose clothing. Confine long hair.
Do not lean on the machine. Stand erect; keep your face and eyes away from flying chips.
Do not make adjustments while the machine is operating. Wait until the machine has come to a complete stop.
Do not place hands on work turning in the lathe.
Do not use calipers or gauges on a workpiece while the machine is moving.
Do not make heavy cuts on long slender pieces because the work could bend and fly out of the lathe.
Do not leave lathe unattended while it is running.
[bookmark: _Toc12610612]Metalworking Machine – Metal Saws (Hot)
[bookmark: _Toc12610613]What should you know before using a metal saw?
Hot metal saws can be dangerous if not used properly.
Read the owner's manual carefully.
Make sure you understand instructions and are properly trained before operating a hot metal saw.
Hot metal saws, often referred to as cut-off saws or chop saws, use an abrasive cut-off wheel. The machine may operate dry or wet, at low or high speed, and in either manual or automatic mode.
[bookmark: _Toc12610614]What are some basic safety principles to follow?
Wear appropriate safety glasses.
Wear hearing protection.
Wear respiratory protection when necessary.
Handle and store wheels as directed by the manufacturer.
Inspect all wheels for possible damage before mounting.
Use the proper blade for the material being cut.
Check machine speed against the maximum safe operating speed marked on the wheel.
Ensure that mounting flanges are equal and the correct diameter (at least 1/4 of the wheel diameter).
Use mounting blotters when they are supplied with wheels.
Clamp work firmly in place when using non-reinforced cut-off wheels.
Use a properly designed safety guard covering at least one half of the grinding wheel.
Allow mounted wheels to run at operating speed, with guards in place, for one minute before cutting.
Bring wheel into contact with the work without bumping on impact.
Turn off the coolant before stopping the wheel to avoid an out-of-balance condition.
Keep working surface clean of scraps, tools, and materials.
Keep floor around saw clean and free of oil and grease.
Ensure that the saw has a start/stop button within easy reach of the operator.
[bookmark: _Toc12610615]What should you avoid doing?
Do not use a cracked wheel or one that has been dropped or damaged.
Do not force a wheel onto the machine or alter the size of the mounting hole. If the wheel does not fit the machine properly, get one that will.
Do not exceed the maximum operating speed marked on the wheel.
Do not use mounting flanges whose bearing surfaces are not equal, clean, flat and free of burrs.
Do not tighten the mounting nut excessively.
Do not grind on the side of the wheel.
Do not start machine until the wheel guard is in place.
Do not stand directly in front of the cut-off wheel when starting a machine.
Do not jam, bend or pinch the wheel.
Do not force cutting such that the motor slows.
Do not cut without proper ventilation.


[bookmark: _Toc12610616]Welding – Overview of Types and Hazards
[bookmark: _Toc12610617]What is welding?
Welding is a joining process in which metals, or sometimes plastics, are heated, melted and mixed to produce a joint with properties similar to those of the materials being joined.
There are three main components needed to create a weld. These are:
A heat source such as an electric arc, a flame, pressure, or friction. The most common heat source is an electric arc. An arc is a physical gap between the end of the electrode and the base metal. The physical gap causes heat due to the resistance of current flow and arc rays. The arc melts the metals to create the joint.
Shielding, which is the use of gas, or another substance to protect the weld from air as the weld is being formed. Oxygen from the air makes welds brittle and porous.
Filler material, which is the material used to join to the two pieces together.
Other processes that join metals together include:
Brazing is the joining of metals with a filler metal having a melting point above 450°C (842°F), but below the melting point of base metals. The joined metals can be different metals. The joint is not as strong as a welded joint.
Soldering is the joining of metals using a filler metal with a melting point below 450°C (842°F). The joined metals can be different metals. The "filler" metals commonly used are lead-tin alloys. The joint is not as strong as a welded joint or a brazed joint.
Metals can also be cut or separated by a flame or an electric arc, or removed by "gouging" with an electric arc.
[bookmark: _Toc12610618]Is there more than one type of welding proCess?
There are over 70 different welding processes. The type of welding process used is related to the specific application. The most common processes are:
Shielded Metal Arc Welding (SMAW), also known as Manual Metal Arc Welding, MMAW.
Gas Tungsten Arc Welding (GTAW) or Tungsten Inert Gas (TIG) Welding.
Flux Cored Arc Welding (FCAW).
Gas Metal Arc Welding (GMAW), also known as Metal Inert Gas (MIG) Welding or hard wire welding.
Plasma Arc Welding (PAW), Plasma Arc Cutting (PAC) and Gouging
Submerged Arc Welding (SAW)
Resistance Spot Welding (RSW) or spot welding.
Air Carbon Arc Cutting (CAC-A) and Air Carbon Arc Gouging (CAG)
Oxyfuel Gas Welding (OFG), Cutting and Heating (oxygen-acetylene [oxyacetylene] (OAW) or oxygen-propane [oxy-propane] mixtures are the most common fuel mixtures used).
[bookmark: _Toc12610619]What, in general, are the hazards associated with welding?
Health hazards associated with welding, cutting, and brazing operations include exposures to metal fumes and to ultraviolet (UV) radiation.
Safety hazards associated with these processes include burns, eye damage, electrical shock, cuts, and injury to toes and fingers.
Many of these hazards can be controlled by engineering controls, work practices and personal protective equipment (PPE).


[bookmark: _Toc12610620]Welding – Electrical Safety
[bookmark: _Toc12610621]What should you know about electrical welding?
Follow electrical safety procedures to prevent electrical hazards.
Make sure that the maximum rating of the welding current matches with the welding electrode in use.
[bookmark: _Toc12610622]What are common electrical hazards?
Electric Shock
The human body conducts electricity. Even low currents may cause severe health effects. Spasms, burns, muscle paralysis, or death can result depending on the amount of the current flowing through the body, the route it takes, and the duration of exposure.
	Effects of Electrical Shock

	Effect
	DC Current (mA)

	Death
	120+

	Ventricular Fibrillation
	50-120

	Paralysis of Diaphragm
	20-50

	Makes hands "clamp-on"
	16-20

	Involuntary Reflexes
	4-9

	Perception
	1-4


Completion of Circuit through the Body
If a person touches a live conductor, current may flow through the body to the ground and cause a shock.
A person may get an electric shock hazard if incidentally the hands or other part of the body create a bridge between the welding supply (e.g., the live welding electrode) and the welding return (e.g., workpiece) of the welding circuit/equipment.
Increased electrical contact with the ground increases the risk of shock.
Small shocks could surprise you and cause you to slip and fall, possibly from a high place.

[bookmark: _Toc12610623]What precautions should I take to prevent an electrical shock?
Make sure all cables are in good condition with no bare insulation or frayed wires to minimize the extent of live parts.
Protect cables from vehicular traffic or other hazards, so the cables are not damaged, cut, or pinched.
Make sure that the rod holder is insulated. 
Do not replace the welding electrode with a bare hand, or with a wet welding glove.
Always keep the hands and the body dry during a welding operation.
Avoid standing in water, on wet surfaces, or working with wet hands or wearing sweaty garments.
Do not dip energized (hot) electrode holders in water.
Avoid direct contact with the live parts of welding equipment and the workpiece.
Ground the work or metal to be welded to a good electrical ground. Always insulate yourself from the work and ground.
Wear proper protective equipment, such as rubber boots and rubber pads, if performing arc welding in wet or high humidity conditions. Wear rubber gloves under the welding gloves.
If the welding operation must be done on steel or other conductive material, use an insulating mat under the operator.
Place the welding transformer in the close vicinity. In case of need or accident, the transformer can be switched off quickly to cut off the power source.
Turn off the welding transformer during breaks or not in use. Detach the remaining welding electrode on the electrode holder before leaving the welding area.
Do not hold or move the welding electrode holder and the welding return cable simultaneously when moving from one working position to another if the power source to the welding equipment has not been cut.
[bookmark: _Toc12610624]What should I do in case of electric shock?
Call for medical help immediately.
DO NOT touch the victim with your "bare hands" until he or she is away from the live electrical source.
Turn off the power at the fuse box or circuit breaker panel if an appliance or electrical equipment is the electrical source or, if you can do it safely, turn off the appliance or electrical equipment and unplug it. Just turning off the equipment is not sufficient.
If the electricity cannot be turned off and the victim is still in contact with the electrical source, decide if you must move the victim or push the wire away from the victim (call for emergency help if the wire is a high voltage power line).
Insulate yourself if you must move a victim away from a live contact - wear dry gloves or cover your hands with a cloth and stand on dry insulating material like cardboard, wood or clothes. Ensure you have good footing and will not slip or fall when trying to move the victim.
Use a dry piece of wood, broom or other dry, insulating object or material to move the wire or power source away from the victim or push the victim off the live electrical source.
Do not move the victim if there is a possibility of neck or spinal injuries (from a fall, for example) unless it is absolutely necessary.
Give artificial respiration if the victim is not breathing.
Give CPR if the victim's heart has stopped (only if you are trained in CPR).
Cover burns with a sterile dressing. There may be a burn where the power source touched the victim and in the area where the electricity left the body (to ground). On the surface, electrical burns may not look serious but deeper in the tissue the burn can be severe.
Keep the victim comfortable, warm and at rest, and monitor breathing.
[bookmark: _Toc12610625]Welding – Fumes and Gases
[bookmark: _Toc12610626]What are welding fumes?
Welding fumes are a complex mixture of metallic oxides, silicates, and fluorides. Fumes are formed when a metal is heated above its boiling point, and its vapors condense into very fine, particles (solid particulates). Welding fumes generally contain particles from the electrode and the material being welded.
[bookmark: _Toc12610627]Can the composition of welding fumes vary?
Yes, welding fumes contain oxides of the metals in the material being welded.
Fluxes containing silica or fluoride produce amorphous silica, metallic silicates, and fluoride fumes.
Fumes from mild steel welding contain mostly iron with small amounts of additive metals (chromium, nickel, manganese, molybdenum, vanadium, titanium, cobalt, copper, etc.).
Stainless steels have larger amounts of chromium or nickel in the fume and lesser amounts of iron.
Nickel alloys have much more nickel in the fume and very little iron.
[bookmark: _Toc12610628]How do coatings change the composition of welding fumes?
Vapors or fumes can come from coatings and residues on metal being welded. Some ingredients in coatings can have toxic effects. These ingredients include:
metal working fluids, oils and rust inhibitors
zinc on galvanized steel (vaporizes to produce zinc oxide fume)
cadmium plating
vapors from paints and solvents
lead oxide primer paints
some plastic coatings
Metal Coatings - A Source of Hazardous Fumes

[bookmark: _Toc12610629]How do I remove the coatings?
Remove coatings from the weld area to minimize the fume. The removal of the coating will also improve weld quality.
Use stripping products to remove coatings. Make sure to remove any residues before welding.
Use wet slurry vacuum removal techniques for removing very toxic coatings.
Do not grind coatings. Grinding dust may be toxic.
[bookmark: _Toc12610630]What are the factors that affect worker exposure to welding fumes?
Type of welding process.
Composition of welding rod.
Filer metals and base metal used.
Type of coatings present.
Locations (open area or confined space).
Type of ventilation controls (mechanical or local).
Work practices of welder (e.g., remove coatings, clean surfaces; stay upwind when welding in open or outdoor).
[bookmark: _Toc12610631]What are welding gases?
Welding gases are gases used or produced during welding and cutting processes like shielding gases or gases produced by the decomposition of fluxes or from the interaction of ultraviolet light or high temperatures with gases or vapors in the air.
[bookmark: _Toc12610632]What are examples of welding gases?
Gases used in welding and cutting processes include:
shielding gases such as carbon dioxide, argon, helium, etc.
fuel gases such as acetylene, propane, butane, etc.
oxygen, used with fuel gases and also in small amounts in some shielding gas mixtures
Gases produced from welding and cutting processes include:
carbon dioxide from the decomposition of fluxes
carbon monoxide from the breakdown of carbon dioxide shielding gas in arc welding
ozone from the interaction of electric arc with atmospheric oxygen
nitrogen oxides from the heating of atmospheric oxygen and nitrogen
hydrogen chloride and phosgene produced by the reaction between ultraviolet light and the vapors from chlorinated hydrocarbon degreasing solvents (e.g., trichloroethylene, TCE)
Gases are also produced from the thermal breakdown of coatings:
Polyurethane coatings can produce hydrogen cyanide, formaldehyde, carbon dioxide, carbon monoxide, oxides of nitrogen, and isocyanate vapors.
Epoxy coatings can produce carbon dioxide and carbon monoxide.
Vinyl paints can produce hydrogen chloride.
Phosphate rust-inhibiting paints can release phosphine during welding processes.
Minimizing exposure to degreasing solvent vapors.
	Table 1
Source and Health Effect of Welding Fumes

	Fume Type
	Source
	Health Effect

	Aluminum
	Aluminum component of some alloys, e.g., Inconel, copper, zinc, steel, magnesium, brass and filler materials.
	Respiratory irritant.

	Beryllium
	Hardening agent found in copper, magnesium, aluminum alloys and electrical contacts.
	"Metal Fume Fever." A carcinogen. Other chronic effects include damage to the respiratory tract.

	Cadmium Oxides
	Stainless steel containing cadmium or plated materials, zinc alloy.
	Irritation of respiratory system, sore and dry throat, chest pain and breathing difficulty. Chronic effects include kidney damage and emphysema. Suspected carcinogen.

	Chromium
	Most stainless-steel and high-alloy materials, welding rods. Also used as plating material.
	Increased risk of lung cancer. Some individuals may develop skin irritation. Some forms are carcinogens (hexavalent chromium).

	Copper
	Alloys such as Monel, brass, bronze. Also some welding rods.
	Acute effects include irritation of the eyes, nose and throat, nausea and "Metal Fume Fever."

	Fluorides
	Common electrode coating and flux material for both low- and high-alloy steels.
	Acute effect is irritation of the eyes, nose and throat. Long-term exposures may result in bone and joint problems. Chronic effects also include excess fluid in the lungs.

	Iron Oxides
	The major contaminant in all iron or steel welding processes.
	Siderosis – a benign form of lung disease caused by particles deposited in the lungs. Acute symptoms include irritation of the nose and lungs. Tends to clear up when exposure stops.

	Lead
	Solder, brass and bronze alloys, primer/coating on steels.
	Chronic effects to nervous system, kidneys, digestive system and mental capacity. Can cause lead poisoning.

	Manganese
	Most welding processes, especially high-tensile steels.
	“Metal Fume Fever.” Chronic effects may include central nervous system problems.

	Molybdenum
	Steel alloys, iron, stainless steel, nickel alloys.
	Acute effects are eye, nose and throat irritation, and shortness of breath.

	Nickel
	Stainless steel, Inconel, Monel, Hastelloy and other high-alloy materials, welding rods and plated steel.
	Acute effect is irritation of the eyes, nose and throat. Increased cancer risk has been noted in occupations other than welding. Also associated with dermatitis and lung problems.

	Vanadium
	Some steel alloys, iron, stainless steel, nickel alloys.
	Acute effect is irritation of the eyes, skin and respiratory tract. Chronic effects include bronchitis, retinitis, fluid in the lungs and pneumonia.

	Zinc
	Galvanized and painted metal.
	Metal Fume Fever.



	Table 2
Source and Health Effect of Welding Gases

	Gas Type
	Source
	Health Effect

	Carbon Monoxide
	Formed in the arc.
	Absorbed readily into the bloodstream, causing headaches, dizziness or muscular weakness. High concentrations may result in unconsciousness and death

	Hydrogen Fluoride
	Decomposition of rod coatings.
	Irritating to the eyes and respiratory tract. Overexposure can cause lung, kidney, bone and liver damage. Chronic exposure can result in chronic irritation of the nose, throat and bronchi.

	Nitrogen Oxides
	Formed in the arc.
	Eye, nose and throat irritation in low concentrations. Abnormal fluid in the lung and other serious effects at higher concentrations. Chronic effects include lung problems such as emphysema.

	Oxygen Deficiency
	Welding in confined spaces, and air displacement by shielding gas.
	Dizziness, mental confusion, asphyxiation and death.

	Ozone
	Formed in the welding arc, especially during plasma-arc, MIG and TIG processes.
	Acute effects include fluid in the lungs and hemorrhaging. Very low concentrations (e.g., one part per million) cause headaches and dryness of the eyes. Chronic effects include significant changes in lung function.



	Table 3
Source and Health Effect of Organic Vapors as a result of Welding

	Gas Type
	Source
	Health Effect

	Aldehydes (such as formaldehyde)
	Metal coating with binders and pigments. Degreasing solvents
	Irritant to eyes and respiratory tract.

	Diisocyanates
	Metal with polyurethane paint.
	Eye, nose and throat irritation. High possibility of sensitization, producing asthmatic or other allergic symptoms, even at very low exposures.

	Phosgene
	Metal with residual degreasing solvents. (Phosgene is formed by reaction of the solvent and welding radiation.)
	Severe irritant to eyes, nose and respiratory system. Symptoms may be delayed.

	Phosphine
	Metal coated with rust inhibitors. (Phosphine is formed by reaction of the rust inhibitor with welding radiation.)
	Irritant to eyes and respiratory system, can damage kidneys and other organs.


Source: Tables 1 to 3 are from Work Safe Alberta's Welder's Guide to Hazards of Welding Gases and Fumes, 2009
[bookmark: _Toc12610633]What are the hazards from welding gases?
Hazards from welding gases include:
asphyxiation (lack of oxygen)
fire or explosion
toxicity
[bookmark: _Toc12610634]How can I prevent exposure to welding gases?
It is important to follow the manufacturer's instructions, safety data sheets (SDS), and safety protocols to minimize the hazards of welding gases.
Use substitute materials such as water-based cleaners or high flash point solvents.
Cover the degreaser baths or containers.
Do not weld on surfaces that are still wet with a degreasing solvent.
Do not weld near degreasing baths.
Do not use chlorinated hydrocarbon degreasers.
Have adequate ventilation in a workplace to prevent the displacement or enrichment of oxygen and to prevent the accumulation of flammable atmospheres.
Use local exhaust ventilation systems to remove fume and gases from the welder’s breathing zone.
Wear appropriate respiratory protective equipment. The respiratory protective equipment should not be used to replace the use of mechanical ventilation.
[bookmark: _Toc12610635]Welding – Personal Protective Equipment and Clothing
[bookmark: _Toc12610636]What type of PPE is available when welding?
The chart below summarizes the types of personal protective equipment that can be used when welding.
	Welding - Personal Protective Equipment

	Body Part
	Equipment
	Illustration
	Reason

	Eyes and face
	Welding helmet, hand shield, or goggles
	
	Protects from:
radiation
flying particles, debris
hot slag, sparks
intense light
irritation and chemical burns
Wear fire resistant head coverings under the helmet where appropriate

	Lungs (breathing)
	Respirators
	
	Protects against:
fumes and oxides

	Exposed skin (other than feet, hands, and head)
	Fire/Flame resistant clothing and aprons
	
	Protects against:
heat, fires
burns
radiation
Notes: pants should not have cuffs, shirts should have flaps over pockets or be taped closed

	Ears - hearing
	Ear muffs, ear plugs
	
	Protects against:
noise
Use fire resistant ear muffs where sparks or splatter may enter the ear, rather than plugs.

	Feet and hands
	Boots, gloves
	
	Protects against:
electric shock
heat
burns
fires


[bookmark: _Toc12610637]Why is eye protection important?
An eye injury can occur from the intense light and radiation that a welding arc can produce. An eye injury can also occur from hot slag and other metal debris that can fly off from the weld during cooling, chipping or grinding.
Protect your eyes from welding light by wearing a welder's helmet fitted with a filter shade that is suitable for the type of welding you are doing.
ALWAYS wear safety glasses with side shields or goggles when chipping or grinding a work piece if you are not wearing a welding helmet.
[bookmark: _Toc12610638]What are the various components of welding hand shields and helmets?
Hand shields or helmets provide eye protection by using an assembly of components:
Helmet shell - must be opaque to light and resistant to impact, heat, and electricity.
Outer cover plate made of polycarbonate plastic which protects from radiation, impact, and scratches.
Filter lens made of glass containing a filler which reduces the amount of light passing through to the eyes. Filters are available in different shade numbers ranging from 2 to 14. The higher the number, the darker the filter and the less light passes through the lens.
Clear retainer lens made of plastic prevents any broken pieces of the filter lens from reaching the eye.
Gasket made of heat insulating material between the cover lens and the filter lens protects the lens from sudden heat changes which could cause it to break. In some models, the heat insulation is provided by the frame mount instead of a separate gasket.

[bookmark: _Toc12610639]What else should you know about eye protection?
Choose a tight fitting helmet to help reduce light reflection into the helmet through the space between the shell and the head.
Wear the helmet correctly. Do not use it as a hand shield.
Protect the shade lens from impact and sudden temperature changes that could cause it to crack.
Use a cover lens to protect the filter shade lens. Replace the cover lens if it gets scratched or hazy.
Make sure to replace the gasket periodically if your helmet uses one.
Replace the clear retaining lens to protect your eyes from broken pieces.
Clean lenses periodically.
Discard pitted, cracked or damaged lenses.
[bookmark: _Toc12610640]What should you know about filter shade selection?
For Arc welding, the correct filter shade is selected according to the welding process, wire diameter, and operating current. The table below gives the correct shade numbers for different situations.
[image: ]ALWAYS use suggested shade numbers instead of minimum shade numbers.

Provide additional task lighting that suits welders' needs.
Use the same shade as the welder's if you are directly observing the welding arc.
Do not use gas welding goggles for arc welding.
Do not substitute modified glasses, sunglasses, smoked plastic or other materials for proper welding lenses.
[bookmark: _Toc12610641]What measures can protect skin from welding radiation?
Wear tightly woven work-weight fabrics to keep UV radiation from reaching your skin.
Button up your shirt to protect the skin on the throat and neck.
Wear long sleeves and pant legs.
Cover your head with a fabric cap to protect the scalp from UV radiation.
Protect the back of your head by using a hood.
Protect your face from UV radiation by wearing a tight-fitting, opaque welder's helmet.
Make sure that all fabric garments are resistant to spark, heat and flame. Keep the fabrics clean and free of combustible materials that could be ignited by a spark.
[bookmark: _Toc12610642]What are some tips to know when using protective clothing?
DO
Wear clothing made from heavyweight, tightly woven, 100% wool or cotton to protect from UV radiation, hot metal, sparks and open flames. Flame retardant treatments become less effective with repeated laundering.
Keep clothing clean and free of oils, greases, and combustible contaminants.
Wear long-sleeved shirts with buttoned cuffs and a collar to protect the neck. Dark colors prevent light reflection.
Tape shirt pockets closed to avoid collecting sparks or hot metal or keep them covered with flaps.
Pant legs must not have cuffs and must cover the tops of the boots. Cuffs can collect sparks.
Repair all frayed edges, tears or holes in clothing.
Wear high top boots fully laced to prevent sparks from entering into the boots.
Use fire-resistant boot protectors or spats strapped around the pant legs and boot tops, to prevent sparks from bouncing in the top of the boots.
Remove all ignition sources such as matches and butane lighters from pockets. Hot welding sparks may light the matches or ignite leaking lighter fuel.
Wear gauntlet-type cuff leather gloves or protective sleeves of similar material, to protect wrists and forearms. Leather is a good electrical insulator if kept dry.
Using a shield can help keep any sparks spray away from your clothing.
Wear leather aprons to protect your chest and lap from sparks when standing or sitting.
Wear layers of clothing. To prevent sweating, avoid overdressing in cold weather. Sweaty clothes cause rapid heat loss. Leather welding jackets are not very breathable and can make you sweat if you are overdressed.
Wear a fire-resistant skull cap or balaclava hood under your helmet to protect your head from burns and UV radiation.
Wear a welder's face shield to protect your face from radiation and flying particles.
DO NOT
Do not wear rings or other jewelry.
Do not wear clothing made from synthetic or synthetic blends. The synthetic fabric can burn vigorously, melt and produce bad skin burns.
[bookmark: _Toc12610643]Welding – Storage and Handling of Compressed Gas Cylinders
[bookmark: _Toc12610644]What should I do when storing compressed gas cylinders?
Store cylinders in a clearly identified, dry, well-ventilated storage area that is not exposed to heat or the direct rays of the sun, and away from doorways, aisles, elevators, and stairs.
Store cylinders, both empty and full, in the upright position and secure with an insulated chain or non-conductive belt.
During storage, close the cylinder valves with the protective caps in place.
With outside storage, place on a fireproof surface and enclose in a tamper-proof enclosure.
Protect cylinders from contact with ground, ice, snow, water, salt, corrosion, and high temperatures.
Protect cylinders from falling. Use a chain or adequate support system. Consider securing each cylinder separately to prevent other cylinders from falling when items are removed from storage.
[bookmark: _Toc12610645]What should I avoid doing?
Do not use a cylinder as an electrical ground connection.
Do not fasten cylinders to a work table or to structures where they could become part of an electrical circuit.
Do not strike an arc on a cylinder.
Do not use a flame or boiling water to thaw a frozen valve. Valves or cylinders may contain fusible plugs which can melt at temperatures below the boiling point of water. Warm water is acceptable.
Do not use pry bars under valves or valve protection devices to pry cylinders loose when frozen to the ground. Use warm water.
Do not place or store cylinders in unventilated enclosures such as lockers or cupboards.
Do not use full or empty cylinders as rollers or supports.
Do not tamper with or alter safety devices.
Do not use a cylinder for any purpose other than to contain the gas for which the cylinder was designed.
Do not place acetylene cylinders in a horizontal position.
Do not accept compressed gas cylinders from the supplier unless they are properly labeled and have protective valve caps in place.
[bookmark: _Toc12610646]What should I do with empty or out of service Cylinders?
Mark or label them as "Empty cylinder" and store empty cylinders away from full cylinders.
Return empties to the supplier.
Remove regulators when not in use and store these away from grease and oil. Put protective caps on the fittings when in storage.
Keep cylinders and fittings from becoming contaminated with oil, grease or dust.
Do not use a cylinder that is not identified or if the label is not legible. The colors of industrial gas cylinders are not standardized.
[bookmark: _Toc12610647]How should I move the cylinders?
To close the cylinder valves, remove the regulator and replace the valve protection cap and hand tight before moving a cylinder.
Move cylinders with appropriate trolleys and secure the cylinders in an upright position.
Use proper lifting cradles or a suitable platform when hoisting cylinders by a crane, derrick, or other hoisting mechanism.
Call the supplier to remove leaky cylinders immediately.
Secure cylinders in an upright position when cylinders are transported by motor vehicle.
DO NOT
Do not lift a cylinder by the valve cap. Never sling with ropes or chains or lift with electromagnets.
Do not drag, slide, or drop cylinders. They can be rolled for short distances on their base.
Do not allow the cylinders to strike each other violently.
Never place cylinders on their sides as rollers to move equipment.
Do not lay acetylene cylinders on their sides. If an acetylene tank has accidentally been left on its side, set it upright for at least one hour before it is used.
Do not try to refill a cylinder or mix gases in a cylinder.


[bookmark: _Toc12610648]Power Hand Tools – Drills
[bookmark: _Toc12610649]How do you select the proper bit or attachment?
Follow manufacturers' instructions when selecting and using a bit or attachment, especially with unfamiliar drills or work.
Select the bit or attachment suitable for the size of the drill and the work being done.
Ensure that the bit or attachments are properly seated and tightened in the chuck.
Use only bits and attachments that turn true.
Use the auxiliary (second) handle for larger work or continuous operation.
[bookmark: _Toc12610650]What should you do when working with powered hand drills?
Wear safety glasses or a face shield (with safety glasses or goggles).
Keep drill air vents clear to maintain adequate ventilation.
Keep drill bits sharp always.
Keep all cords clear of the cutting area during use. Inspect for frays or damage before each use.
Disconnect power supply before changing or adjusting bit or attachments.
Tighten the chuck securely. Remove chuck key before starting the drill.
Secure workpiece being drilled to prevent movement.
Slow the rate of feed just before breaking through the surface.
Drill a small "pilot" hole before drilling large holes.
[bookmark: _Toc12610651]What should you do when working with small pieces?
Clamp stock so work will not twist or spin.
Do not drill with one hand while holding the material with the other.
[bookmark: _Toc12610652]What should you avoid when working with powered hand drills?
Do not use a bent drill bit.
Do not exceed the manufacturer's recommended maximum drilling capacities.
Do not use a hole saw cutter without the pilot drill.
Do not use high speed steel (HSS) bits without cooling or using lubrication.
Do not attempt to free a jammed bit by starting and stopping the drill. Unplug the drill and then remove the bit from the workpiece.
Do not reach under or around stock being drilled.
Do not overreach. Always keep proper footing and balance.
Do not raise or lower the drill by its power cord.
Do not use in wet or muddy locations. Use a nonpowered drill instead.
Do not use excessive force to drill into a hard material. Reduce drill speed if possible.
[bookmark: _Toc12610653]Hand Tools – General Hand Tool Operation
[bookmark: _Toc12610654]What are some basic tips when using hand tools?
Ensure that employees are properly trained in the safe use of hand tools.
Always provide training on how to choose the right tool for the job, how to correctly use each tool, and how to identify when tools need repair.
Select the right tool for the job. Substitutes increase the chance of having an accident.
Use tools designed to allow the wrist to stay straight. Avoid using hand tools with your wrist bent.
Use good quality tools.
Keep tools in good condition at all times.
Inspect tools for defects before use. Replace or repair defective tools.
Keep cutting tools sharp and cover sharp edges with a suitable covering to protect the tool and to prevent injuries from unintended contact.
Replace cracked, splintered, or broken handles on files, hammers, screwdrivers, or sledges.
Ensure that the handles of tools like hammers and axes fit tightly into the head of the tool.
Replace worn jaws on wrenches, pipe tools, and pliers.
Redress burred or mushroomed heads of striking tools.
Pull on a wrench or pliers. Never push unless you hold the tool with your palm open.
Point sharp tools (e.g., saws, chisels, knives) laying on benches away from aisles and handles should not extend over the edge of the bench top.
Maintain tools carefully. Keep them clean and dry, and store them properly after each use.
Carry tools in a sturdy toolbox to and from the worksite.
Wear safety glasses or goggles, or a faceshield (with safety glasses or goggles) and well-fitting gloves appropriate for the hazards to which you may be exposed when doing various tasks.
Keep the work environment clean and tidy to avoid clutter which may cause accidents.
Use a heavy belt or apron and hang tools pointed down at your sides, not behind your back.
Keep the work space tidy. Store tools properly when not in use.  
[bookmark: _Toc12610655]What should I avoid when using hand tools?
Do not use tools for jobs they are not intended to do. For example, do not use a slot screwdriver as a chisel, pry bar, wedge or punch, or wrenches as hammers.
Do not apply excessive force or pressure on tools.
Do not cut towards yourself when using cutting tools.
Do not hold the stock in the palm of your hand when using a cutting tool or a screwdriver. Always lay it on a workbench or in a vice.
Do not wear bulky gloves to operate hand tools.
Do not throw tools. Hand them, handle first, directly to other workers.
Do not carry tools in a way that interferes with using both hands on a ladder, while climbing on a structure, or when doing any hazardous work. If working on a ladder or scaffold, tools should be raised and lowered using a bucket and hand line.
Do not carry a sharp tool in your pocket.
Do not use tools during electrical work unless they are designed for electrical work (e.g., properly insulated).
Do not leave tools lying around on elevated structures such as a platform or scaffold as they may be bumped and fall.

[bookmark: _Toc12610656]Hand Tools – Gear Pullers
[bookmark: _Toc12610657]What are some safety tips for using gear pullers?
Gear pullers are made in various shapes and sizes and have many uses. Always use the correct tool for the job.
Wear safety glasses or goggles, or a face shield (with safety glasses or goggles).
Select the proper gear puller for each job. Always use a gear puller of the required size or larger. Use a 3-jaw puller, if possible.
[image: Gear Puller]
Ensure that the gear puller is aligned with the shaft and fits tightly around the part to be removed. The jaws should be parallel with the screw. This assures a straight pull.
Be careful when removing a stubborn gear or bearing. Always strike the head of the center screw squarely. If after two sharp blows the gear or bearing remains stuck, select a larger puller and proceed to remove the gear or bearing.
Use a protective cap or removable point to protect screw from mushrooming or splitting.
Stop work if the gear puller starts to deform.
Cover work with a cloth to protect you and by-standers from flying parts.
Lubricate the center screw with machine oil before use.
Clean the gear puller after use and store it in a dry place.
[bookmark: _Toc12610658]What are some things that I should avoid doing?
Do not use air powered tools on gear pullers.
Do not use any puller with functioning parts that show excessive wear, dents, or cracks. Inspect the center screw for signs of galling or seizing.
Do not heat any gear puller. It will lose its strength and break under pressure if heated.
Do not cut or grind any part of a gear puller.
[bookmark: _Toc12610659]Use of Bench and Pedestal Grinders
[bookmark: _Toc12610660]What safety procedures should you follow when using bench and pedestal grinders?
Fasten pedestal and bench grinders on a solid surface securely.
Ensure all the guards are in place and secure before using a grinder.
Adjust tool rests to within 3 mm (1/8 in.) of wheels. Never adjust rests while wheels are moving. Work rest height should be on the horizontal center line of the machine spindle.
Maintain 6 mm (1/4 in.) wheel exposure with a tongue guard or a movable guard.
Check that wheels have blotters on each side.
Check the wheel fits properly to the spindle when mounting. If it is loose, get another wheel.
Tighten the nuts before you turn the grinder on.
Before you plug in the grinder, manually spin the wheel to make sure it is spinning freely.

Make sure the cables are not damaged and in good condition.
Keep the cables out of the work area.
Wear proper personal protective equipment:
eye, ear and face protection,
metatarsal safety boots, where required,
respiratory protection may be required, depending on the work.
Wear gloves only where necessary and if there is no risk of entanglement.
Stand to one side of the grinder until the wheel reaches operating speed.
Bring work into contact with the grinding wheel slowly and smoothly, without bumping.
Apply gradual pressure to allow the wheel to warm up evenly. Use only the pressure required to complete a job.
Move the work back and forth across the face of the wheel. This movement prevents grooves from forming.
Wheels are made only for grinding certain items. Do not grind rough forgings on a small precision grinding wheel.

Dress wheels regularly. Do frequent, light dressings rather than one heavy dressings.
Support dressing tools so you can apply leverage without undue effort. With revolving, cutter dressing tools use the lugs as anchors.
Replace worn wheels if you cannot dress it.
Ensure the grinder speed does not exceed the operating speed marked on the wheel.
Visually inspect wheels for possible damage before mounting.
[bookmark: _Toc12610661]What should you avoid when using bench and pedestal grinders?
Do not plug the grinder in before making sure it and the wheel are stable and secured properly.
Do not use a wheel that has been dropped.
Do not use a wheel that does not fit properly to the spindle.
Do not use excessive force to tighten the nut of the wheel. The force can crack the wheel.
Do not grind wood, plastics, and non-iron metals on ordinary wheels.
Do not leave grinding wheels standing in liquids. The liquid can cause balance problems.
Do not grind on the side of a regular wheel.
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