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Plasma arc cutting works by sending an electric arc through a fast moving gas that is passing through a constricted opening.  The gas can be compressed shop air, nitrogen, argon, oxygen, etc.


This elevates the temperature of the gas to the point that it enters a fourth state of matter.  We are familiar with the first three states of matter; solid, liquid, and gas.  If you heat a solid, you get liquid.  Heat a liquid you get gas.  Heat a gas you get plasma.  Plasma is therefore called the fourth or “additional” state of matter.


The plasma is caused by “ionization” in the same way that the argon shielding gas is ionized in the GTAW process, and becomes a very good conductor of electricity because the gas  atoms are positively charged.


The constricted opening, (nozzle), the gas passes through causes it to squeeze by at a high speed, (several thousand feet per second), like air passing through a venturi in a carburetor.  This high-speed gas cuts through the molten metal.  When using Argon or Nitrogen, the gas can also be directed around the perimeter of the cutting area to shield the cut from the atmosphere.


In many of today’s better plasma cutters, a pilot arc between the electrode and the nozzle  is used to ionize the gas and initially generate the plasma prior to the arc transfer to the workpiece.


The Plasma Cutting Torch consists of a torch body, torch head, power switch or trigger, an electrode, a gas diffuser or swirl ring, a tip or constricting nozzle and a gas nozzle.  The tip of the electrode is actually inside the constricting nozzle.

How The Process Works
1. Air enters the back of the system through a regulator.

2. The torch trigger starts the process by allowing the air to flow into the torch head.
3. After the air begins to flow and goes through a gas diffuser, which sends the air in a predetermined rotation around the electrode, the pilot arc is established by a high-frequency spark between the electrode and the torch nozzle.  (The gas diffuser holes allow the plasma to center itself and flow directly out the center of the nozzle).

4. The pilot arc heats the air and ionizes it (partially).

5. The heated air wants to expand, but can’t inside the torch
6. It is forced through a small orifice in the constricting nozzle, then through the metal

7. Once heated by the pilot arc and exposed to the metal, the ionized air – now called plasma – provides an electrically conductive path between the electrode and the workpiece.

8. The path for current flow is through the pilot arc, (which heats the air into a plasma arc), through the metal to the machines work cable, then back to the machine, completing the circuit.

9. The Pilot Arc combines with the ionized gas to form a cutting arc temperature around 43,000 degrees F.

10. Cutting speeds can be as high as 200 inches per minute on 1/4˝ stainless steel.

Torch Parts

1. Torch Body - Provides grip area and protects cable and hose connection

2. Torch Head - Low power; air cooled

                                 High power; water cooled

3. Power Switch - attached to body

Other Torch Parts (Replaceable)

4. Shield cup (nozzle) or Drag Cup

5. Tip (nozzle tip)

6. Electrode

Plasma Cutting Terminology 

      1. Plasma - A gas that is heated to a high enough temperature to conduct an electrical        
current or arc.


The design of the plasma torch constricts the arc which increases the temperature of the 
arc.

Unrestricted Arc - approximate 11,000(F

Constricted Arc - approximate 43,000(F

2. Stand Off Distance  The distance from the nozzle tip to the work.  As the distance increases, the arc force is diminished and tends to spread out, which causes a wider kerf, the top edge of the plate to be rounded and more dross on the bottom of the plate. When the nozzle is to close, erosion of the nozzle tip increases, reducing the working life of the nozzle tip.
3. Kerf  The space left in the metal as the metal is removed during a cut.

4. Dross  Partially oxidized metal attached to the bottom side of the workpiece, along the edges of the kerf.  If the cutting is done properly, there should be little or no dross present.  If there is any dross, it should be easily removed with a scraper.

5. Water Shield, Shroud  May be attached to some torches.  It surrounds the nozzle with a stream of water to control the hazards of light, fumes, noise and other pollutants.

6. Water Tables  Used to reduce the noise level, control the plasma light, trap the sparks, eliminate most of the fume hazard, and reduce distortion.

7. Set Back - Distance between nozzle tip and electrode, where plasma is created.

The preset close-fitting parts provide the restriction of the gas in the presence of the 
electric current so the plasma can be generated. 
Advantages of Plasma Arc Cutting vs. Oxyacetylene Cutting

1. Heat Input  Less than with O/A cutting because of high travel speeds

2. Distortion  Little distortion because of less heat input

A. Smaller hardness zone on alloy steels

B. No preheating necessary

3. Cutting Speed  Up to 300 inches per minute = 25 feet.  The oxyacetylene rate is about ¼ of this rate

4. Metals  Any metal that conducts electricity

5. Expanded Metal  Ability to cut expanded metal without having to stop and preheat each strand before cutting

6. Ability to perform Stack Cutting  Several pieces of metal are stacked one on top of the other and cut all at one time.  This is very difficult to do with an oxyacetylene cutting torch.

Some Advice
1. Using compressed air for all hand cutting is less expensive and cuts materials well.  If you need to use another gas combination, contact your factory representative.

2. When operating a plasma cutting system, always filter and dry your air.  Moisture in the hot system creates steam and acts as an insulator, causing parts to overheat and wear prematurely.  Moisture in the system can also cause electrical components in the system to “short out” creating very costly repairs.  The small holes that allow the air to rotate in the torch can clog with dirt and oil, changing the flow rotation and shortening parts life.

3. Ninety percent of all problems occur in the torch.  Handle the parts with clean hands.  Do not throw the torch and lead on the ground or cut over the lead.  The cost to repair is high,  and such damage is not covered under warranty.

4. Hand-tighten the electrode, then use the wrench that comes with the system.  Do not over-tighten, or you will strip the threads.

5. Important: Before replacing any of the torch parts, make sure the plasma cutting machine is turned off to avoid possible shock or electrocution.

6. Factors that will affect the width of the kerf.


a. Standoff distance – the closer the torch nozzle tip is to the work, the narrower the kerf  will be


      b.   Power setting – too high or too low a power setting will cause an increase in the  
 
            kerf  width


      c.   Orifice diameter – keeping the diameter of the nozzle orifice as small as possible 

            will keep the kerf smaller


      d.   Travel Speed – as the travel speed is increased, the kerf width will decrease: 
    
            however, the bevel on the sides and the dross formation will increase if the 
   
            speeds are excessive


      e.   Electrode & nozzle tip – as these parts begin to wear out from use or are damaged,  
            the PAC quality and kerf width will be adversely affected
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Diagram of Plasma Arc Cutting
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