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 Spray Equipment Setup
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Unit Goal

· To understand how to properly set up your spray equipment.  
Unit Objectives

· Topics included in spray equipment setup include: 

· ESOH Concerns

· Fluid Nozzle and Air Cap Selection

· Fluid Delivery Rate

· Air Pressure Adjustment

· Fan Pattern Adjustment

· Set Up Procedure for Gravity and Siphon Feed Spray Systems

· Set Up Procedure for Pressure Feed Spray Systems
Glossary Terms in this Unit

· Air cap

· Atomization

· Fluid delivery rate
· Fluid nozzle
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Unit 7:  Spray Equipment Setup
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Fluid Nozzle and Air Cap Selection
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A variety of fluid nozzle and air caps exist for an air atomization spray gun.  Properly selecting the right fluid nozzle and air cap is the first step toward achieving the optimal fluid delivery, air atomization and efficiency.  Spray technicians often limit themselves to the fluid nozzle, fluid needle and air cap combination originally provided with their spray gun, even though it may not be the best fit for their operation.  This may lead to unsatisfactory results in finish quality, material consumption, excessive overspray and a poor work environment.  
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An appropriate fluid nozzle and air cap combination should be selected based on coating viscosity, production rate and finish quality requirements.  Trying to "make do" with the fluid nozzle or air cap that was supplied with the spray gun is not an efficient approach; it often creates problems for the spray technician that will be discussed later on.  

For an indication of what fluid nozzle or air cap combination to try, refer to the coating manufacturer’s recommendations located in the product data sheet.  This should provide some direction on what combination to use based on the viscosity of coating sprayed.  You will find that some coating manufacturers provide very good information while others are vague and/or poorly written.  If this information is unavailable or incomplete, then measure the viscosity of the coating.  As you lift your viscosity measuring cup, vertically, out of your paint or organic coating, measure the time it takes until the stream breaks when the coating is draining.  Since temperature effects viscosity this should be measured at a constant temperature.  Do not add thinners or solvents to the coating to bring the viscosity into a desired range.  By adding thinners you might exceed the VOC regulatory limit for your coating.  Viscosities ranging from 18 seconds to 30 seconds in a #2 Zahn cup typically require a 1.2mm to 1.5mm fluid nozzle. 
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Once you find a recommended fluid nozzle and air cap combination or know the viscosity of the coating, try out the appropriate fluid nozzle or air cap.  If after all other spray gun adjustments have been made, the recommended combination does not produce the desired results (either too much fluid or not enough), then experiment with a smaller or larger fluid nozzle/air cap respectively.  For more viscous materials or higher production speeds, larger fluid nozzles may be needed to properly deliver the preferred amount of coating.   

Fluid Delivery Rate
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Having the correct amount of fluid coming from the spray gun is important.  It is important because it affects atomization, film build and finish quality.  If the fluid delivery rate is too high, results can include: finish quality defects such as runs or sags, solvent popping, high film build, poor atomization and difficulties controlling gun speed.  Sometimes, a hectic production rate will dictate that the fluid flow be higher.  To sustain adequate atomization, spray technicians will often increase air pressure and thereby lower transfer efficiency.  As mentioned in unit 6, this is problematic and should be avoided if possible.  The more preferable solution is to compensate for higher fluid delivery by spraying faster – a feat limited by the ability of the spray technician.  In situations where the fluid delivery rate is too low, results can include: excessive dry spray, finish defects such as orange peel, low productivity and multiple coats required to achieve the correct film build.  Each spray technician must find a balance or optimum setting for his/her ability.

	If fluid delivery rate is too high:
	If fluid delivery rate is too low:

	Run or sags
	Dry spray

	Solvent popping
	Orange peel

	High film build
	Low film build

	Poor atomization
	Multiple coats to achieve coverage

	More difficult control of gun speed
	Low productivity
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Fluid Delivery Rate for Gravity and Siphon Feed Systems
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Fluid delivery rate is affected by many factors.  For gravity and siphon feed spray guns, some of these factors include: viscosity of the coating used, size of the fluid nozzle and setting of the fluid adjustment valve on the spray gun.  To adjust fluid flow, the fluid adjustment valve on the spray gun should be turned counter clockwise for a higher fluid delivery rate and clockwise for a lower fluid delivery rate.  If the fluid delivery rate remains too high, a smaller fluid nozzle can be used.  A larger fluid nozzle can be used if the fluid delivery rate remains too low. 
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Fluid Delivery Rate for Pressure Feed Systems
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Factors affecting the fluid delivery rate of pressure feed spray guns include: viscosity of the coating used, size of the fluid nozzle, fluid pressure at the pressure pot or diaphragm pump, length of the fluid hose (longer hoses require higher or increased fluid pressures) and working height/elevation (higher working heights or elevations require higher fluid pressure).   
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For pressure feed systems, fluid pressure may have the greatest impact on fluid delivery rate.  Select an initially low fluid pressure setting at the pressure pot and with no air supplied to the spray gun, trigger the spray gun parallel to the ground and at working height and aim the fluid stream into a container.  For HVLP spray guns connected to pressure feed systems, having a 0 to 6 inch horizontal stream of fluid before becoming effected by gravity is acceptable.  Compliant or conventional spray guns connected to pressure feed systems should have a 0 to 12 inch horizontal stream. Fluid pressures above the recommended values are excessive and should be avoided.  High fluid velocities mean less residence time at the spray gun’s air cap, a region where the coating is effectively atomized at the spray gun.  This may result in poor atomization and require the spray technician to use excessive amounts of air pressure to effectively break up the disproportionate amount of coating from the spray gun.  These conditions result in problems with finish quality, overspray and excess material consumption.  

Regardless of the feed system used, fluid settings should be set as low as possible while still maintaining a comfortable spray gun speed and an acceptable production rate.  Higher fluid pressure settings require higher air pressure settings to properly atomize the coating and higher air pressure settings result in wasted coatings, lower transfer efficiency and a poor work environment.
Air Pressure Adjustment
Atomization is defined as the breaking up of a liquid coating into fine particles or droplets.  Atomizing air forms the droplet size and guides the coating to the part.  The correct air pressure setting is determined by the type and viscosity of the coating (thicker coatings require higher air pressure settings), the length of the air hose from the wall regulator to the spray gun (longer air hoses require higher air pressure settings), the diameter of the air hose from the wall regulator to the spray gun (smaller diameter air hoses require higher air pressure settings) and most importantly finish quality requirements.
Air pressure at the spray gun is important because it affects atomization, film build and finish quality.  In general, air pressure should be set at the lowest setting that allows for adequate atomization and good finish quality.  Excessive air pressure results in excessive overspray which leads to wasted coating, poor transfer efficiency and a poor work environment.  Excessive air pressure also does not benefit application but may instead dry out the spray pattern and thus require more passes to achieve the correct film build.  

	If air pressure is too high:
	If air pressure is too low:

	Wasted material
	Coarse coating droplets/particles

	Excessive overspray
	“Heavy centered” spray pattern

	Low film build
	Excessive film build

	Poor finish quality
	Orange peel

	Low transfer efficiency
	Runs or sags


Two factors affecting the correct air pressure settings at the spray gun are hose length and inside diameter (ID).  In general, a reduction in air hose diameter or an increase in air hose length may produce coating application difficulties if the air pressure is not adjusted to compensate.  Air hose lengths in excess of 50 feet are not recommended, but are sometimes required on larger aircraft.  When this is the case, the air pressure must be increased in order to compensate for the extra hose length.  Excess air hose lengths also make for some interesting ergonomics and challenging footwork.  In addition, when air hose diameter from the wall regulator to the spray gun or pressure pot is less than 5/16” the spray gun may be starved for air.  This is especially important for HVLP spray guns which operate on a larger volume of air.  Ideal inside air hose diameter is 3/8”or larger.  

Spray guns are often fitted with air hose quick disconnects (QDs) for convenience and ergonomics.  In regard to air flow capacity, QDs are not identical.  Often, facilities use small diameter QDs which contribute to air restriction problems.  For best performance, small diameter QDs restricting air flow should be replaced with high capacity or large diameter QDs.  



Special Considerations for HVLP Spray Guns
HVLP atomization energy relies more heavily on the mass of air from the air cap.  Air restrictions reduce atomization energy and may cause disappointing results with respect to finish quality.  For HVLP spray guns, it is also important to remember that the air cap pressure should not exceed 10 psi.  If this pressure is exceeded, the spray gun is no longer considered compliant with Aerospace NESHAP regulations.  HVLP spray guns are stamped with the maximum recommended inlet air pressure delivered to the spray gun.  Theoretically, inlet air pressure is congruent to 10 psi at the air cap.  
Fan Pattern Adjustment
Fan pattern adjustment knobs are typically located on either the back or side of a spray gun.  A properly adjusted fan pattern is important for many reasons.  The size and shape of a fan pattern is critical for spraying parts of varying geometries.  Also, transfer efficiency drops dramatically if the fan pattern size is too wide for the part being sprayed.




The fan pattern is variable from round to oval with all patterns in between and adjustable to obtain the pattern that produces the best results.  Select an appropriate fan pattern for the parts to be sprayed.  Fan pattern size should be compatible with the size of the part.  



It is also important to know the shape of your fan pattern in order to diagnose spray gun abnormalities.  It is advisable to perform a daily spray pattern test to ensure an even fan pattern.  A faulty fan pattern can signify obstructions or damage to the fluid nozzle or air cap.  One useful test might be to invert the air cap and observe if the irregular fan pattern is correspondingly inverted.  If it is, this signifies that the damage or obstruction is to the air cap.  If it does not, problems to the air cap are ruled out thereby signifying that the obstruction or damage may be to the fluid nozzle.



The position of the air horns on the air cap will affect the orientation of the fan pattern.  In normal operation, the horns on the air cap are in the horizontal position which provides a vertical orientated fan pattern.  When coating certain areas, the horns can be adjusted to the vertical position which provides a horizontal orientated fan pattern.




Setup Procedure for Gravity and Siphon Feed Spray Systems

The following is the procedure for the setup of gravity and siphon feed spray systems.  

1. Select the appropriate fluid nozzle and air cap using the coating manufacturer’s suggested air cap and fluid nozzle combination for the specific viscosity of coating.  Larger fluid nozzles may be required for a more viscous coating or for higher production rates.
2. Turn the fluid adjustment valve counter clockwise on the spray gun until it is fully open.  Ideally, there should be no tension when the trigger is pulled.
3. Select an initially low air pressure setting at the regulator at the wall (approximately 10 psi at to start with).  Regulators on the spray gun restrict air flow and especially should not be used for HVLP spray guns as they restrict the high volume of air needed.  

4. Spray a test pattern at the recommended stand off distance (4-7 inches for HVLP and 5-8 inches for conventional or compliant). The LaserPaintTM can ensure that the spray technician is spraying at the correct distance.  The test pattern should be sprayed onto backdrop paper or cardboard.  Spraying a test pattern into spray booth filters is not recommended. Use the test patterns to also adjust the fan pattern. Open the fan pattern adjustment knob on the spray gun and adjust the size and shape of the fan pattern for the part to be sprayed. 
5. Observe the degree of atomization of the test pattern.  If droplet sizes on the outside of the test pattern are large or coarse, this is an indication of inadequate atomization. Increase air pressure settings in small increments of 2-3 psi and spray another test pattern.  Repeat as necessary until the desired degree of atomization is achieved.  Smaller droplet sizes result in a finer finish quality.

6. If the fluid delivery rate is too high, then turn the fluid adjustment valve on the spray gun clockwise or inwards to decrease fluid flow.  Reverse this procedure to increase fluid flow.   It is not recommended to increase air pressure settings to excessive amounts in order to achieve a correct balance of fluid and air.
7. If the fluid delivery rate remains too high or there is too much fluid from the spray gun, try a smaller fluid nozzle.  




Setup Procedure for a Pressure Feed Spray Systems

The following is the procedure for setting up a pressure feed spray system.  

1. Select an appropriate air cap and fluid nozzle using the coating manufacturer’s suggested combination for the viscosity of coating sprayed.  Larger fluid nozzles may be required for more viscous coatings or for higher production rates.
2. Turn the fluid adjustment valve on the spray gun counter clockwise until it is fully open.  Spraying with the fluid adjustment knob when it is less than fully open will cause premature wear on the fluid nozzle and/or needle.

3. Attach the fluid hose to the pressure pot and spray gun and tighten.

4. Insert a disposable liner inside the pressure pot (inside liners reduce cleanup time) and pour in premixed coating.  Strain coating as needed.

5. Replace lid and tighten.
6. Attach the air hose from the regulator on the wall to the regulator on the pressure pot.

7. Increase air pressure to the pressure pot.  Forty or 50 psi of air to the pressure pot may be sufficient to start with (more than 100 psi is excessive).  Note that all pressure pots are stamped with the maximum allowable air pressure.  DO NOT exceed this pressure.
8. Select a 3/8” ID or larger air hose and connect air hose to the pressure pot.  Ensure that the air hose is not attached to the spray gun.  

9. Adjust the fluid flow with the fluid pressure regulator at the pressure pot.  Hold the spray gun parallel to the floor at working height and trigger the spray gun so that a fluid stream is flushed into a container.
10. Adjust the fluid pressure at the pressure pot to provide a 0 to 6 inch horizontal fluid stream at working height (before breaking off due to gravity) for HVLP spray guns or 0 to 12 inch fluid stream at working height for compliant or conventional spray guns.  

11. Attach the air hose to the spray gun and adjust the air regulator at the pressure pot to an initially low pressure typically starting at 10 psi or less.

12. Open the fan pattern adjustment knob on the spray gun and adjust the size and shape of the fan pattern for the part to be sprayed.

13. Spray a test pattern at the recommended stand off distance and observe the degree of atomization of the spray pattern.  If droplet sizes on the outside of the test pattern are large or coarse, this is an indication of inadequate atomization. Increase air pressure settings in small increments of 2–3 psi and spray another test pattern.  Repeat as necessary until the desired degree of atomization is achieved.  Smaller droplet sizes result in a finer finish quality.

14. If the fluid delivery rate is too high or too low to meet production, adjust the fluid pressure regulator at the pressure pot.  DO NOT attempt to decrease the fluid delivery by partially closing the fluid control knob of the spray gun. The fluid control knob on the spray gun should be set to a full open position at all times.  If the fluid delivery rate remains too high (too much fluid) or too low (not enough fluid), try a different size fluid nozzle.  


Unit Summary

· The flow of air and fluid at the spray gun must be adjusted or balanced to obtain proper atomization and desired finish.
· Select an appropriate fluid nozzle and air cap for the coating being sprayed.

· Select an appropriate fan pattern for the parts to be sprayed (i.e., large part = large pattern, small part = small pattern).
· Adjust fluid delivery rate in appropriate increments.

· Adjust air pressure settings in appropriate increments.

· Refer to the equipment and coating manufacturer manuals for recommended spray gun setup procedures.
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A properly set up spray gun is the key to proper application
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A spray technician adjusts the fluid delivery rate at the spray gun
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A spray technician uses too much air pressure resulting in reduced transfer efficiency





A comparison of small (left) and large (right) diameter quick disconnects





Fan Pattern Adjustment 





Example of what the fan pattern adjustment does to the spray pattern





Examples of defective spray patterns





Vertical pattern





Horizontal pattern





A technician sprays with a gravity feed spray gun.





The complete setup for a gravity feed spray gun





A technician sprays an aircraft





The complete setup for a pressure pot








Unit 7
3
Spray Equipment Setup
Copyright WasteCap Nebraska 2009

