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Unit Goal

· To be able to use the appropriate spray application equipment to provide a quality finish.

Unit Objectives

· Topics included in spray application equipment include: 

· Spray Systems

· Coating Feed Systems

· Spray Gun Classes

· Spray Equipment Practice

· Spray Gun Enhancements

Glossary Terms in this Unit
· Air atomization

· Air-assisted airless spray gun

· Airless spray gun 
· Compliant spray gun

· Conventional spray gun

· Diaphragm pump

· Electrostatics

· Gravity feed spray gun

· Hot spray

· HVLP spray gun

· Hydraulic atomization

· Hydraulic feed spray system
· Pressure feed spray system

· Pressure pot

· Resistivity 

· Siphon feed spray gun

· Venturi Effect
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Unit 6: Spray Application Equipment
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Spray Systems

In order for coatings to be sprayed properly and achieve the desired finish quality, sufficient coating atomization is required.  The atomization of coatings occurs when the coating stream is broken up into tiny droplets.  Proper atomization is reached when the coating can be applied and a smooth uniform finish can be achieved.  The two primary ways to atomize coatings are by air dispersion or by hydraulic pressure.  

Air Atomization

Air atomization or air spray occurs when coating is forced through an opening at low fluid pressures (<100PSI) and a solid stream of fluid is formed.  Compressed air is then introduced to break up this fluid stream into small droplets.  When using air atomizing equipment, the primary variable affecting the degree of atomization is air pressure.  Raising the air pressure will produce a greater degree of atomization (decrease the droplet size) at the cost of lower transfer efficiency.  Conventional, High Volume Low Pressure (HVLP), and compliant spray guns fall into this category. 

Proper air atomization is necessary to produce a smooth and uniform finish and can be adjusted by the technician while they are working.  Air spray equipment can either be pressure fed, siphon fed or gravity fed.  There are three variables that are adjustable when using air spray: air pressure, shaping air or fan pattern and fluid flow.
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As explained above, air pressure affects the coating’s degree of atomization; the higher the air pressure, the greater the degree of atomization and vice versa.  
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The shaping air is the amount of air that is projected through the air horns of the spray gun.  The valve that controls the shaping air can be found either on the rear or side of the spray gun.  When this valve is completely closed, no air is pushed through the horns, resulting in a round spray pattern.  When this valve is opened, the spray pattern will become more elongated due to the air being forced through the air horns to shape the pattern.

Fluid flow can be controlled by several mechanisms depending on how coating is fed to the gun.  When using a siphon feed or gravity feed gun, the primary control the spray technician has over fluid is the fluid needle adjustment knob on the spray gun.  When using pressure feed equipment, the technician can control fluid pressure at the pressure pot or pump used to supply the material.
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Hydraulic Atomization
Hydraulic atomization or airless spray occurs when high pressure fluid (>300 PSI) is forced through a tiny orifice creating the atomization.  Airless and air-assisted airless equipment fall into this category. 
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Airless spray systems have fewer adjustable variables and work well for large surfaces and high production demands.  The only adjustments that can be made with these spray systems are fluid pressure and tip size.

As stated above, hydraulic atomization requires a high fluid pressure projected through a tiny orifice to atomize the coatings.  Fluid pressure can be adjusted at the pump.  The higher this pressure is, the greater the degree of atomization.

The fluid nozzle of the spray gun is the other adjustment of an airless system.  With air atomization, you can control fan size and atomization using air but do not have that luxury with airless atomization.  The only way to adjust fan size is by changing the fluid nozzle of the gun.  Each nozzle has a specific orifice size and fan pattern size.  The proper nozzle should produce a properly sized pattern for the part being sprayed and a controllable amount of fluid flow.

Coating Feed Systems

Within each spray system, there are a variety of ways that coating can be delivered to the spray gun.  The three types we will be discussing are: siphon feed, gravity feed, pressure feed and hydraulic feed.

Siphon Feed
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Spray guns utilizing siphon feed have a cup attached to the bottom of the spray gun.  The cup has a pickup tube that suctions the coating up from the bottom of the cup to the nozzle of the gun.  This suction is created from the Venturi Effect.  The Venturi Effect involves air moving through a space with a restriction.  The effects are a reduction in air pressure and production of a partial vacuum.  Siphon feed systems are suited for jobs coating relatively small areas.   

Gravity Feed

Gravity feed spray guns use the principles of gravity to feed fluid to the nozzle.  The coating is contained in a cup attached to the top of the spray gun and flows through the bottom of the cup into the fluid passage of the spray gun.  Gravity feed systems are also suited for smaller jobs.

Pressure Feed
The two types of equipment for pressure feed systems are pressure pots and diaphragm pumps.  A pressure pot is a sealed container in which air pressure is used to force the coatings to the spray gun in a uniform flow.  For a pressure pot, the fluid flow rate is dependent upon the amount of air pressure to the pot.  A diaphragm pump uses a pump to siphon coating out of a container and forces it to the spray gun.  Both pressure pots and diaphragm pumps are capable of moving large amounts of fluid without refilling and can be used with any air atomization spray guns.

Hydraulic Feed
Hydraulic feed spray guns utilize a hydraulic pump designed to create the high fluid pressures required for airless spraying.  Pumps designed for air-assisted airless spray guns also provide air to be used for shaping air.  When this high velocity fluid is forced through a small orifice or tip, the coatings are atomized without the use of air.  These pumps can be powered electrically or pneumatically and can create a fluid flow of up to 6000 PSI.


Spray Gun Classes

There are many different spray guns available for a technician to use to apply coatings.  We will focus on five: conventional, High Volume Low Pressure (HVLP), compliant, airless and air-assisted airless.  Each of these has their own set of strengths and weaknesses which dictate the type of gun that is best for a particular situation.

Conventional 

Conventional spray guns can provide the greatest degree of atomization, due to the higher air pressure generally used with these spray guns, but can also be extremely inefficient if not set up properly.  They can also be used to spray higher as well as lower viscosity coatings.  To achieve optimal finish, the applicator should maintain a consistent 5-8 inch stand off distance when using conventional spray guns.  These spray guns can be pressure fed, siphon fed or gravity fed.

	Strengths
	Weaknesses

	· Can spray high viscosity coatings effectively

· Capable of handling higher production rates because of higher fluid delivery rate potential
	· Greater potential for improper setup (i.e., high air pressure) which can result in reduced transfer efficiency

· May not be used in work areas mandating HVLP


High Volume Low Pressure (HVLP)
HVLP spray guns use a high volume of air at a low pressure.  Low air pressure between 1 psi and 10 psi is used at the air cap to atomize the coating.  A high volume of air is used to push the coating into a low velocity spray pattern.  These spray guns have a greater difficultly atomizing high viscosity coatings, but handle medium to lower viscosity coatings very well depending on the fluid delivery rate (not too high).  These spray guns, when set up properly, can achieve a high-quality finish that is also more efficient because of the reduction in air pressure.  Also, due to the reduction in air pressure, the optimal stand off distance for HVLP spray guns is 4-7 inches.  When used as intended, HVLP spray guns are compliant with National Emissions Standards for Hazardous Air Pollutants (NESHAP) regulations principally because of their higher transfer efficiency.  These spray guns can be pressure fed, siphon fed or gravity fed.    

	Strengths
	Weaknesses

	· Capable of higher transfer efficiency

· When used as intended, compliant with NESHAP regulations
	· Limited to 10 psi of air pressure at the air cap, results in HVLP’s inability to effectively atomize higher fluid delivery rates and higher viscosity coatings


Compliant
The compliant spray gun is actually a modified conventional spray gun.  A slightly higher air cap pressure than HVLP spray guns give compliant spray guns the “feel” of a conventional spray gun.  The lack of an annular space between the air cap and fluid nozzle results in higher air pressure than HVLP (and less air volume).  Compliant spray guns are required to meet the efficiency standards of HVLP and can produce greater atomization for high viscosity material.  They require a similar stand off distance as conventional spray guns.  These spray guns can be pressure fed, siphon fed or gravity fed.

	Strengths
	Weaknesses

	· Capable of producing improved atomization for higher viscosity coatings

· Capable of achieving higher fluid delivery than HVLP spray guns

· With proper certification, may be used in areas mandating HVLP
	· Do not necessarily produce higher transfer efficiencies than conventional spray guns


Airless
	Strengths
	Weaknesses

	· High production rates

· Improved transfer efficiency over air spray

· Suited for spraying high viscosity coatings

· Requires one hose
	· Reduced finish quality

· Incapable of partial triggering

· Susceptible to “tails”

· Fluid injection hazard

· Spray gun tip wear

· Susceptible to tip plugging


Airless spraying should only be used when coatings are being applied to larger areas.  Airless spray guns supply a lot of coating very fast and can be used with extremely high viscosity materials.  Fluid pressures can be set to 6000 PSI or greater when using an airless sprayer.  An airless sprayer does not atomize the coatings as well as air spray, but is extremely efficient because there is no air being used to atomize the coatings.  Therefore, airless should only be used when the importance of finish appearance comes second to coverage.  Due to the high fluid pressures used with this spray gun, a fluid injection hazard (i.e., injection of coatings into the blood stream) is present when using this equipment; make sure you follow all in-house safety precautions when using it.  The optimum stand off distance, when using airless equipment, is 12 inches or greater. 

Air-Assisted Airless
Air-assisted airless spray guns use the same principles of atomization as airless, but can operate at lower fluid pressures (500-4000 PSI) because a small amount of air (typically less than 20 PSI) is used to shape the spray pattern and remove any “tails.”  This shaping air contributes slightly to improved atomization.  These guns also use specially designed airless tips that determine the size of the fan pattern.  Air-assisted airless produces a similar flow rate and requires a similar stand off distance as airless spray equipment.
	Strengths
	Weaknesses

	· High production rates

· Higher transfer efficiency than air atomization equipment

· Improved finish quality over airless spray guns

· Compared to airless, reduced wear on fluid nozzle and pumps

· Lower fluid pressures render this spray gun safer than airless
	· No partial triggering

· Requires extra air hose

· Fluid injection hazard

· Susceptible to lower transfer efficiency than airless due to improper setup of air and fluid pressure

· Susceptible to tip plugging


Spray Gun Enhancements

Spray guns can be enhanced to produce additional strengths as well as unique weaknesses.  We will focus on two enhancements: electrostatics and hot spray.

Electrostatics 
When performed properly, the use of electrostatics can significantly increase the efficiency of the spray operation.  Electrostatics involves statically charging the coatings at the atomization point and applying the charged coatings to a grounded substrate (different amperage is needed for different coating resistivity).  All of the previously discussed spray guns are available with electrostatic components.  
There are several potential hazards that are inherent with electrical charges and flammable materials; follow all in-house safety precautions when using this type of equipment.  Several factors need to be considered prior to switching to an electrostatic process.  First, you need to ensure that your coating system is capable of holding an electrical charge.  If the coating cannot hold a charge, then electrostatics would not benefit your operation.  Second, the entire substrate needs to be grounded.  Any area that is not grounded can actually repel atomized coating.  In addition, recessed areas might not be sufficiently coated because charged coating is more apt to attach to grounded areas in closer proximity than the inner recesses of something like a corner; this is known as the Faraday Effect.  Finally, technicians must understand how to operate electrostatics because if this process is not done properly, it can be extremely inefficient. 
	Strengths
	Weaknesses

	· Can produce exceptional transfer efficiency

· Coating from electrostatics can wrap around curved objects or corners

· Nature of charged coating can result in a more even finish


	· Spray equipment more expensive

· Can produce minor shocks

· Electrostatics can be easily deactivated and thereby become more inefficient

· Ungrounded areas will repel coatings

· Requires good ground, less than 1 meg ohm

· Fire or explosion danger


Hot Spray
Hot spray utilizes the idea of heating the coating prior to application which lowers its viscosity and makes it easier to spray.  It can be used with all classes of spray guns but is most commonly used with airless.  The major drawback to using hot spray is that the heating process can dramatically reduce the pot life of the coating.

	Strengths
	Weaknesses

	· Lower viscosity of coating facilitates atomization

· Lower atomizing air pressures results in improved transfer efficiency

· It can be used in high humidity conditions
	· The heating process can dramatically reduce the pot life of the coating

· Heat can cause multiple component coatings to catalyze in the fluid lines




Spray Gun Components

The following diagram labels the components of a conventional or HVLP spray gun.  Their functions are listed. 

1. Trigger- The trigger controls the air valve as well as pulls back the fluid needle to control the amount of coating coming out of the spray gun.

2. Air valve- The air valve is an internal valve that is opened upon triggering the gun.  This is where the compressed atomizing air enters the spray gun.

3. Air inlet- The air inlet is where the compressed air line hooks to the spray gun, usually located at the bottom of the gun’s handle.

4. Gun body assembly- This is the outer shell of the spray gun that houses the fluid and air delivery passages.

5. Spray head (not pictured here) - The spray head is the ring that attaches the air cap to the spray gun body assembly.

6. Holes in air cap- These are where the atomizing and shaping air are released at the tip of the gun.

7. Fluid nozzle- This screws into the gun body assembly at the tip of the spray gun.  The size of this nozzle significantly contributes to the amount of fluid output.

8. Spreader adjustment dial- This knob located on the rear or side of the spray gun is where the applicator can adjust the shape of the spray pattern.  It is also referred to as the fan pattern adjustment.

9. Spreader adjustment valve- This is an internal valve that controls the air released through the air horns.  It is controlled by the spreader adjustment dial and is also referred to as the fan pattern adjustment valve.

10. Air cap- The air cap is attached by the spray head and is the final area in which air passes.  The air cap is where coatings are atomized.

11. Fluid tip- This is the orifice in the fluid nozzle where coatings are released and atomized.

12. Fluid inlet- This is where the hose or cup is attached to the spray gun and coatings enter the fluid passage.

13. Fluid needle- The fluid needle controls the amount of coating that is forced through the spray gun and is controlled by the trigger.  The further back the needle is pulled, the more coatings are released out of the tip.

14. Fluid needle adjustment- This is the knob on the rear of the spray gun in line with the fluid tip.  This adjustment controls how far back you can pull the fluid needle.  It is also referred to as the fluid adjustment. 
Unit Summary
· Spray systems include air atomization and hydraulic atomization.  Air atomization uses compressed air to atomize coating and hydraulic atomization uses high pressure fluid.
· Feed systems deliver fluid and air to the spray gun and include siphon feed, gravity feed, pressure feed and hydraulic feed.  Siphon and cup feed systems are better suited for smaller jobs.
· Spray gun classes include conventional, HVLP, compliant, airless and air- assisted airless.  Each has its advantages and disadvantages and is suited for certain situations.  
· Spray gun enhancements include electrostatics and hot spray.

· There are many components to a spray gun and all serve different systematic functions to deliver atomized coating to a substrate.
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A cut-away of a spray nozzle of an air spray gun.





A cut-away of a spray nozzle of an airless spray gun.
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Conventional gun with siphon feed cup





Pressure Pots








Hydraulic/airless pump


























Gravity feed system
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