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April 11, 2024 

Sara Robbe 
Marketing Manager 
Anest Iwata Americas, Inc. 
10148 Commerce Park Drive 
Cincinnati, OH 45246 

RE: Rule 2.26 Transfer Efficiency Conditional Approval of the Anest Iwata Series 2 WS-400 
Spray Gun (Digital and Non-Digital) with Air Caps WS-400-02, WS-400-02-OBS, and WS-
400-03-BF

Dear Ms. Robbe: 

The Yolo-Solano Air Quality Management District (District) has performed a compliance review 
of your product with the requirements of District Rule 2.26 - Motor Vehicle and Mobile 
Equipment Coating Operations and has examined the conditional written approval from the 
South Coast Air Quality Management District (SCAQMD) included with your correspondence.  

Rule 2.26, Section 304.5 requires any alternate coating application method achieve a transfer 
efficiency equivalent to or higher than High-Volume, Low-Pressure (HVLP) spray equipment. 

Based on our review of the submitted correspondence and documentation the District agrees 
that the Anest Iwata Series 2 WS-400 Spray Gun (digital or non-digital) with Air Caps WS-400-02, 
WS-400-02-OBS, or WS-400-03-BF is capable of achieving a transfer efficiency equivalent to or 
greater than HVLP spray equipment. 

The District grants conditional approval of the Anest Iwata Series 2 WS-400 Spray Gun (digital or 
non-digital) with Air Caps WS-400-02, WS-400-02-OBS, and WS-400-03-BF for use on any motor 
vehicle or mobile equipment or their parts or components. This approval is subject to the same 
conditions outlined in the submitted SCAQMD approval letter dated April 13, 2023 which are 
repeated below for information: 

1. Anest Iwata Americas, Inc. (“Anest Iwata”) shall supply written notification with each
Anest Iwata Series 2 WS-400 Spray Gun sold or distributed for use within the
jurisdiction of the District that the spray gun is only approved for the application of
coatings subject to District Rule 2.26.
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2. This approval is only valid if the air pressure supplied to the Anest Iwata Series 2 WS-
400 Spray Gun is equal to or less than 29 psig. Anest Iwata shall supply written 
notification with each Anest Iwata Series 2 WS-400 Spray Gun sold or distributed for 
use within the District that the maximum air pressure supplied to the spray gun shall 
not exceed 29 psig. 

 
3. Anest Iwata shall supply a digital pressure gauge (Part Number DPG-1) with each 

digital Anest Iwata Series 2 WS-400 Spray Gun sold or distributed for use within the 
jurisdiction of the District. Anest Iwata shall supply a mechanical pressure gauge (Item 
Number 8131B) that clearly identifies the maximum allowable spray gun inlet air 
pressure with each non-digital Anest Iwata Series 2 WS-400 Spray Gun sold or 
distributed for use within the jurisdiction of the District. Anest Iwata shall supply 
written notification with each Anest Iwata Series 2 WS-400 Spray Gun sold or 
distributed within the District specifying that the pressure gage shall be attached to 
the spray gun and be in good working condition and reading no greater than 29 psig 
whenever the spray gun is in operation.   

 
4. This approval is only valid if during actual operation the Anest Iwata Series 2 WS-400 

Spray Gun is equipped with a properly operating pressure gauge that meets the 
criteria specified in Condition 3. 

 
5. Anest Iwata shall add a clearly visible permanent label on the spray gun body that 

identifies it as "WS-400 Series 2" for all Anest Iwata WS-400 Series 2 Spray Guns sold 
or distributed for use within the District. 

 
6. Anest Iwata shall add a clearly visible permanent label on the spray gun air cap that 

identifies it as "WS-400-02," "WS-400-02-0BS," "WS-400-03," or "WS-400-03- BF" and 
indicates that the inlet air pressure shall not exceed 29 psig for all Anest Iwata WS-
400 Series 2 Spray Guns sold or distributed for use within the District. 

 
7. This approval is only valid if during actual operation the Anest Iwata Series 2 WS-400 

Spray Gun with Air Caps WS-400-02, WS-400-02-OBS, or WS-400-03-BF is labeled as 
described in Conditions 5 and 6. 

 
8. This approval is only valid for the Anest Iwata Series 2 WS-400 Spray Gun (Digital and 

Non-Digital) with Air Caps WS-400-02, WS-400-02-OBS, and WS-400-03-BF tested. Any 
modification of the spray gun or pressure gauge design shall invalidate this approval 
letter unless the modification is approved by the District in writing prior to the 
modification.  

 
 
 
 
 



If you have any questions, please contact me at (530) 757-3667. 
 
Sincerely, 
 
 
 
 
Benjamin Beattie 
Engineering Manager 
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OPENING STATEMENT 

UDRI operates the Coating, Corrosion and Erosion Laboratory (CCEL), previously known as the 
Coatings Technology Integration Office (CTIO) for the United States Air Force.  The facility is 
located at Wright-Patterson Air Force Base, Dayton, Ohio.  UDRI is ISO 17025 accredited; 
accreditation issued by ANAB, an ANSI-ASQ National Accreditation Board (certificate number 
L1189-1).  The following tests are part of the accreditation:   

• Gloss 

• Density 

• Viscosity 

• Dry Film Thickness 
The purpose of this testing was to determine the transfer efficiency (TE) of two spray guns supplied 
by Anest Iwata USA, Inc. (AI).  AI supplied a Clearcoat spray gun and a Basecoat spray gun and 
they were tested with both basecoat and clearcoat.  The spray guns were tested in accordance with 
Rule 1151 from the SCAQMD.  The transfer efficiency of the AI Spray Guns, on average, are to 
be the same or better than one of the average TE of a current high-volume, low-pressure (HVLP) 
technology spray gun.  The AI spray guns are a compliant, non-high volume, low pressure gun, 
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and it was compared to two of the more commonly used HVLP spray guns used in the automotive 
aftermarket.     

The test dates were the weeks of 10 January and 17 January 2022.  We were not able to complete 
all of the spray-outs during the first week of testing so a second week was scheduled.  Conducting 
the spray events from UDRI were Chris Joseph, Senior Research Engineer; LaNay Barley, Senior 
Coatings Technician; Matt Sigler, Coatings Technician; and Jarred Steel, Coatings Technician.   

The test methods performed were performed in accordance with the South Coast Air Quality 
Management District Spray Equipment Transfer Efficiency Test Procedure for Equipment User, 
dated 24 May 1989 and “Guidelines for Demonstrating Equivalency with District Approved 
Transfer Efficient Spray Guns” dated September 26, 2002 along with a test plan protocol approved 
by SCAQMD. 

SUMMARY 

The South Coast Air Quality Management District (SCAQMD) requires HVLP spray guns or guns 
that meet or exceed transfer efficiency of HVLP guns to be used in the automotive aftermarket.     

AI has developed a compliant clearcoat spray gun and a compliant basecoat spray gun.  The 
objective of this project was to determine the overall TE of the AI spray guns and to compare the 
TE results of them to two of the more popular HVLP spray guns found in the SCAQMD area. The 
two HVLP spray guns used for comparison were the Devilbiss GTI and Sata 5000.   

Each of the spray guns was set up to be operated as closely as possible to the other spray guns, 
staying within the recommended settings found in each operator’s manual.  The intent was to 
produce test panels that were similar in appearance, regardless of material or spray gun used.   

Testing for the AI spray guns was performed to satisfy the requirements of SCAQMD Rule 1151 
- Motor Vehicle and Mobile Equipment Non-assembly Line Coating Operations.   The purpose of 
this rule is to reduce emissions of volatile organic compounds (VOC) and stratospheric ozone-
depleting and global-warming compounds from coatings applied on Group I Vehicles and 
Equipment and Group II Vehicles, as defined in this rule, and their parts and components.   

The complete data summary can be found in Appendix D. 

 

DISTINCTNESS OF IMAGE (DOI) AND GLOSS 

DOI is not part of UDRI’s ISO accreditation.  No major differences are found between the different 
spray guns and the different coating applications for both DOI and gloss.  The locations for the 
Gloss and Dry Film Thickness readings can be found in Table 1.  DOI and gloss are not typically 
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done on clearcoat only panels.  The data is being supplied because it was in the test protocol.  The 
DOI readings are from a desktop reflection type meter.  The readings are fairly subjective and are 
generally taken in the center of the panels.    

Table 1: Distinctness of Image and 60° Gloss (average of 12 readings) 

 Average DOI Average Gloss 60° 
Small Large Small Large 

Anest Iwata (BC)  
PPG 90 90 91 90 

Cromax 90 90 91 92 
Anest Iwata (CC)  

PPG 90 90 93 93 
Cromax 90 90 93 94 

Devilbiss GTI (HVLP)  
PPG 90 90 89 92 

Cromax 90 90 90 94 
Sata 5000 HVLP  

PPG 90 90 91 89 
Cromax 90 90 89 90 

 

 

 

Figure 1: X = Dry Film Thickness locations. Gloss readings taken in the four quadrants and center 

DRY FILM THICKNESS (DFT) 

The average DFT’s of the different applications can be found in Table 2. 
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Table 2: Dry Film Thickness Averages 

Basecoat Averages 
AI BC 

PPG Small 

AI CC 
PPG 

Small 

Devilbiss 
PPG Small 

SATA 
PPG Small 

AI BC 
PPG 

Large 

AI CC 
PPG 

Large 

Devilbiss 
PPG Large 

SATA 
PPG 

Large 
0.39 0.51 0.48 0.34 0.57 0.42 0.61 0.41 

        
AI 

Cromax 
Small 

AI CC 
Cromax 
Small 

Devilbiss 
Cromax 
Small 

SATA 
Cromax 
Small 

AI 
Cromax 
Large 

AI CC 
Cromax 
Large 

Devilbiss 
Cromax 
Large 

SATA 
Cromax 
Large 

0.69 0.55 0.55 0.49 0.44 0.47 0.61 0.44 

Clearcoat Averages 
AI BC 

PPG Small 

AI CC 
PPG 

Small 

Devilbiss 
PPG Small 

SATA 
PPG Small 

AI BC 
PPG 

Large 

AI CC 
PPG 

Large 

Devilbiss 
PPG Large 

SATA 
PPG 

Large 
1.76 1.80 1.96 1.35 1.75 1.79 2.08 1.23 

        
AI BC 

Cromax 
Small 

AI CC 
Cromax 
Small 

Devilbiss 
Cromax 
Small 

SATA 
Cromax 
Small 

AI BC 
Cromax 
Large 

AI CC 
Cromax 
Large 

Devilbiss 
Cromax 
Large 

SATA 
Cromax 
Large 

1.48 1.67 1.41 1.39 1.30 1.61 2.05 1.60 
 

 

TRANSFER EFFICIENCY RESULTS 

The average data used to calculate the TE is in Table 3 and Table 4.  The formula used for the 
calculation was: 

TE = A/(B*C) 

Based on the testing performed and the data provided in this report, the AI spray gun provided 
higher average TE than one of the two HVLP spray guns tested.  
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Table 3: Basecoat Transfer Efficiency Calculations and Average 

Spray Gun  MFR Panel  
Size 

% Weight 
of Solids 
on Panels 

(A)  
(grams) 

% Weight 
of Paint 
 Sprayed 

(B) 
(grams) 

% Solids 
(C) 

Transfer 
Efficiency 
(A/(B*C)) 

Average 
TE (%) 

AI  BC  
PPG Small 1.58 7.59 11.89 20.82 

24.60 Large 3.67 14.62 12.65 25.10 

Cromax Small 2.72 11.89 13.75 22.92 
Large 5.12 17.33 15.40 29.55 

AI CC  
PPG Small 1.99 10.87 11.89 18.31 

21.59 Large 3.42 15.34 12.65 22.28 

Cromax Small 2.36 12.12 15.40 20.24 
Large 4.05 15.84 13,75 25.54 

Devilbiss  
PPG Small 1.74 11.55 12,65 15.02 

23.30 Large 3.56 12.12 11.89 29.41 

Cromax Small 2.44 12.49 12.65 19.57 
Large 5.15 17.63 15.31 29.20 

SATA  
PPG Small 1.24 9.35 12.65 13.24 

20.86 Large 2.82 14.74 12.65 19.13 

Cromax Small 1.88 13.10 15.40 29.55 
Large 3.44 15.99 15.31 21.52 

 

Table 4: Clearcoat Transfer Efficiency Calculations and Average 

Spray Gun  MFR Panel  
Size 

Weight of  
Solids 

on Panels 
(A)  

(grams) 

Weight of  
Paint 

 Sprayed 
(B) 

(grams) 

% Solids 
(C) 

Transfer 
Efficiency 
(A/(B*C)) 

Average 
TE 

AI  BC  
PPG Small 7.22 30.61 41.9 23.60 

26.57 Large 13.85 43.48 43.1 31.84 

Cromax Small 5.06 21.729 36.2 23.27 
Large 11.07 40.14 36.7 27.57 

AI CC  
PPG Small 7.37 28.90 41.9 25.51 

28.31 Large 14.17 42.99 43.1 32.95 

Cromax Small 6.97 31.15 41.9 22.37 
Large 12.71 39.19 36.2 32.43 

Devilbiss  
PPG Small 8.23 33.03 43.1 24.93 

29.38 Large 17.79 49.24 41.9 36.12 

Cromax Small 5.74 26.24 36.2 21.86 
Large 17.18 49.66 37.9 34.60 

SATA  
PPG Small 5.56 34.59 43.1 16.07 

24.56 Large 9.19 28.92 43.1 31.77 

Cromax Small 7.86 33.40 36.7 23.55 
Large 12.88 47.94 37.9 26.87 

 

When comparing the AI spray gun to the other spray guns with the same materials and same panel 
sizes the AI spray gun had better transfer efficiency than at least one of the HVLP spray guns.   



AI Spray Technologies Transfer Efficiency - Final Report 

 

Page 9 of 73 
UDRI-J8V782-01 

SELF-CRITIQUE 

Overall, the testing went very smoothly. Representative paint events were recorded and are 
provided on the accompanying DVDs, along with still images that show the weight solids, air 
pressures, air cap pressures, target distances… 

With a recommendation from SCAQMD the trigger points were set up to completely trigger on 
before the test panel and to trigger off after the entire spray pattern was off of the panel.  This was 
not done with previous Transfer Efficiency tests but this will be the new method for all future TE 
testing.  Because of this test set-up and procedure, none of the spray guns tested were expected to 
achieve the recommended 65% TE as required in the SCAQMD Spray Equipment Transfer 
Efficiency Test Procedure for Equipment User dated 24 May 1989.   

INDUSTRY SURVEY 

Along with the testing of the AI spray guns, two HVLP spray guns were selected for comparison 
purposes and were recommended for use by AI.  The two HVLP spray guns were the Devilbiss 
GTI and the Sata Jet 5000.  Both are commonly used in the automotive coatings aftermarket.  The 
spray guns used can be found in Table 5. 

Table 5: Spray Guns  

Manufacturer Model Inlet psi Air Cap 
AI (CC) 400 29 WS-400-03 
AI (BC) 400 29 WS-400-02 
Devilbiss GTI 24 HV30 

SATA 
Jet 5000 
HVLP 

29 
Jet 5000 

1.3 HVLP 

 

The coatings selected were manufactured by PPG (Envirobase) and Cromax (Cromax).  PPG and 
Cromax are two of the largest manufacturers of automotive aftermarket coatings and OEM 
coatings for the auto industry.  The coatings used are some of the most common coatings used in 
the SCAQMD area and they are Rule 1151 compliant.   

All components of the PPG coatings were manufactured by PPG.  All components of the Cromax 
coatings were manufactured by Cromax.  The mix ratios and other information for the coatings 
and the testing can be found in Table 6.  This information was taken from the Technical Data 
Sheets which can be found in Appendix C.  General Test Information can be found in Table 7.  
The Technical Data Sheets for each material can be found on the DVD. 
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Table 6: General Information from the Paint Companies - Technical Data Sheet 

 
PPG Cromax PPG Cromax 

Basecoat Clearcoat 

Component A (Ratio) 10 10 EC520 (3) LE5400S (4) 

Component B (Ratio) 1 2 ECR85 (1) LE1170S (1) 

Component C (Ratio) N/A N/A ECH5075 (1) N/A 

VOC (admixed) LE 
  (g/l / lb/gal 

257-395 g/l 
2.11-3.30 

lbs/gal 

236 g/l 
2.0 lbs/gal 

114-248 g/l  
 0.95 – 2.07 

lbs/gal 

248 g/l 
2.1 lbs/gal 

VOC (admixed) AP 
53-125 g/l 
0.44-1.03 

lbs/gal 

69 g/l 
0.6 lbs/gal 

58–153 g/l 
0.48–1.28 lbs/gal 

121 g/l / 1.0 lbs/gal 

Ready to Spray % Solids wgt. 13.8-41.5 24 41.7  – 44.0 Not reported 

Density (g/l / lb/gal) 
993-1231 g/l 
8.29-10.27 

1086 g/l 
9.0 lbs/gal 

1117 – 1176 g/l 
9.32 – 9.81 

lbs/gal 

1085 g/l / 9.05 
lbs/gal 

 Viscosity (mfg) 23-28s (DIN4) Not reported 14 – 15s (DIN4) 14.5 – 16s (Zahn 2) 

Force Dry  
(Dry to handle) 

N/A N/A 15m @ 140°F 10m@ 120°F 

Pot Life 1 hour 4 hours 45 minutes 60 minutes 

Number of coats 2 – 3 coats 2 coats 2 medium wet 2 medium wet 

Flash between coats 
2 – 4 minutes 
With air dryer 

Wet on wet 3 – 5 minutes 3 – 5 minutes 

Typical Dry Film Thickness (DFT in 
mils) 

Until opacity 
reached 

1-1.5 mils or 
opacity 
reached 

2.0 – 3.5 2.0 – 2.4 

 

Table 7: General Test Information 

Substrate Type 2024 0.032” thick Aluminum panel (10 x 12 and 5 x 12) three of each for each 
TE test 

Cup used for viscosity Ford #4 

Estimated Weight of Substrates Large panels 170 grams, small panels 89 grams 

Estimated Weight gain (coating 
dependent) 

Large panels approximately 1 – 8 grams 
Small panels approximately ½ to 3 grams 

Location of DFT tests See Figure 1 Page 6 

Dimensions of booth opening 
(approximate) 8’ x 10’ 

Air velocity at part  89 lfpm – 118 lfpm  (approximately 10,000 CFM) 

Pressure drop across filters 0.05 inches 

Air temperature 77°F ± 3°F at 50% ± 5% relative humidity 
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HP rating of exhaust fan 5 HP 

Cure temperature and time 1 hour at 140°F 

Measuring Equipment Information See Table 12 

Standard Test Methods used 

Viscosity – LP012 IAW ASTM D1200 and ASTM D4212 
Density – LP047 IAW ASTM D1475 

Solids – ASTM D2369 
VOC – N/A we do not perform VOC calculations  

 

Two different sizes of panels were sprayed.  The small size of the panels used for TE calculations 
was 5 x 12 x .032 inch aluminum alloy (AA) 2024-T3.  The large size of the panels used for TE 
calculations was 10 x 12 x .032 inch AA 2024-T3.  Since the testing was basecoat and clearcoat 
only, separate appearance panels were not required.   

MANUFACTURER’S TEST PROTOCOL 

The spray robot has pneumatic triggers that are controlled by transducers.  The triggers are actuated 
by a computer program set up to spray the two different sizes of panels.  The same basic program 
was used for each of the spray guns.  The spray robot was manufactured at UDRI specifically for 
TE testing.   

Practice test panels were sprayed before actual TE testing so that the spray patterns could be 
verified and optimized.  Traverse rate was determined by fluid flows through the spray guns when 
sprayed at the recommended air inlet pressure.  The panels were set up so that the entire panel was 
covered with two passes, with each pass offset by approximately 5 inches.  The panels were set up 
at a 7 – 8 inch target distance with the “trigger on” point approximately 3 inches off the panel and 
the “trigger off” point approximately 3 inches off the panel.  Two coats for each material was 
sprayed on each panel.  

An example of a program with settings can be found in Figure 2.  The paint robot is set up so that 
the spray gun is fixed and the panel traverses back and forth and up and down. The program is an 
example of one used to control the spray guns trigger on, trigger off, travel distance, traverse speed, 
index distance, start point, etc. 
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Figure 2: Small Panel Program (AI CC) 

 

Figure 2 shows the computer screen when the robot is turned on and connected to the computer 
(Hewlett-Packard (HP) Probook 4520s).    

Once power is supplied to the computer and controllers, the controllers are energized by pressing 
“Connect” and “Drives On”.  The red boxes next to the buttons will turn green when the controllers 
are energized.  The “Home” button is then pressed and the robot will set itself to the 0,0 point for 
the X and Z axis and the “Home” indicator will turn green.  The 0,0 point is fixed and is determined 
by limit switches.  The program parameters of the “X offset” and “Z offset” are then determined 
which will move the panel to its start position which is where the X-axis movement begins.   

For this example, the start point for the spray gun is 2.6 inches on the X axis and 6.75 inches on 
the Z axis from the 0,0 HOME position.  When the spray gun reaches the start position the “Run 
Test” button is pressed and the target panel will begin moving at the programmed scan velocity, 7 
inches per second, and start spraying immediately (Start Paint = 0.01 inches).  If the “Start Paint” 
were set at 1 inch then the spray gun would be triggered after moving 1” in both directions sprayed.   

To cover the panel, the spray gun moves along the X-axis, and at the end of the first path the panel 
will index -6.5 inches at 2 inches per second and the return pass will be sprayed.  In this example 
the spray gun will trigger almost immediately as the “Start Paint” parameter is 0.01 inches.  The 
“Stop Paint” value of -0.5 will stop the trigger at the “Panel Width” dimension minus the “Stop 
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Paint” value.  The spray gun will trigger off after the spray gun has traversed 10.75 inches (11.25 
inches minus 0.50 inches).  Pneumatic lag was minimized by setting the spray guns up so that the 
trigger was pressed to just before the paint is triggered meaning the atomizing air was on.  When 
the panel has been painted the spray gun will return to the 0,0 position.   

Each spray gun used the same program for each of the three panels per test. One program for the 
large panels and one program for the small panels.  Because each spray gun was held differently 
in their respective holders, the “X offset” and “Z offset” changed for each gun.  A schematic of 
the spray patterns can be found in Figures 3 and 4. 

 

Figure 3: Small Panel Spray Schematic 

 

Figure 4: Large Panel Spray Schematic 
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The proposed target distance for each of the spray guns was 7” – 8” measured with a metal ruler 
An example of a target distance measurement can be found in Figure 5.   

 

 
Figure 5: Target Distance Measurement Example 

 

The traverse speeds for the coating applications were determined by the fluid flows performed in 
the preliminary testing.   The traverse speeds and fluid flows can be found in Table 8.  
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Table 8: Preliminary Fluid Flows (g/min) and Traverse Speeds (inches/sec) 

 PPG  Cromax 
AI BC 

Fluid Flow 
and 

Traverse 
Speed 

AI CC 
Fluid 

Flow and 
Traverse 

Speed 

Devilbiss 
Fluid Flow 

and 
Traverse 

Speed 

SATA 
Fluid Flow 

and 
Traverse 

Speed 

AI BC 
Fluid Flow 

and 
Traverse 

Speed 

AI CC 
Fluid 

Flow and 
Traverse 

Speed 

Devilbiss 
Fluid Flow 

and 
Traverse 

Speed 

SATA 
Fluid Flow 

and 
Traverse 

Speed 
CLEARCOAT 

212 212 187 171 212 212 166 184 
6.0” per 
second 

6.0” per 
second 

5.3” per 
second 

4.8” per 
second 

6.0” per 
second 

6.0” per 
second 

4.7” per 
second 

5.2” per 
second 

BASECOAT 
220 220 179 153 220 220 176 163 

6.0” per 
second 

6.0” per 
second 

4.4” per 
second 

4.2” per 
second 

6.0” per 
second 

6.0” per 
second 

4.7” per 
second 

4.4” per 
second 

 

Fluid Flows were not required after each spray event but were measured anyway and the results 
can be found in Table 9.  The areas showing N/A were not taken by mistake. 

Table 9: Fluid Flows after Spray Event (g/min) 

AI BC AI CC 
Devilbiss 

Tekna 
Prolite 

SATA AI BC AI CC 
Devilbiss 

Tekna 
Prolite 

SATA 

CLEARCOAT 

PPG Small 
PPG 
Small 

PPG Small 
PPG 
Small 

Cromax 
Small 

Cromax 
Small 

Cromax 
Small 

Cromax 
Small 

230.4 203.1 136.0 77.1 N/A 176.8 131.5 166.8 

PPG Large 
PPG 

Large 
PPG Large 

PPG 
Large 

Cromax 
Large 

Cromax 
Large 

Cromax 
Large 

Cromax 
Large 

124.2 154.1 155.9 125.1 194.0 185.0 169.6 175.0 
BASECOAT 

PPG Small 
PPG 
Small 

PPG Small 
PPG 
Small 

Cromax 
Small 

Cromax 
Small 

Cromax 
Small 

Cromax 
Small 

217.6 243.9 198.5 161.4 225.7 260.2 191.3 176.8 

PPG Large 
PPG 
Large 

PPG Large 
PPG 

Large 
Cromax 
Large 

Cromax 
Large 

Cromax 
Large 

Cromax 
Large 

238.4 N/A N/A 160.5 242.1 226.7 171.4 161.4 

 

The gun parameters for the application were determined prior to spraying the practice panels.  Fluid 
and atomizing air controls were fully open on all of the spray guns during all tests.  The spray guns 
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were fed with a gravity feed cup. The gun was set up so that the fluid needle was perpendicular to 
the target panel.  The air pressure for each HVLP spray gun was set up with a special test air cap 
that was fitted with a pressure gage.  The air cap pressures were checked with the gages supplied 
with the AI, Devilbiss, and SATA guns (Table 10).  The AI spray guns were set so that the inlet 
pressure at the heel of the gun was at 29 psi.   Figures 6 and 7 shows the inlet pressures at 29 psi.  
The wall regulator was adjusted to get to the required inlet pressures.  The inlet pressure for the 
Devilbiss was set at 29 psi (Figure 7) and the inlet pressure for the SATA was set at 29 psi.    

 

Table 10: Inlet Air Pressure Settings / Air Cap Pressures (psi) 

Spray Gun AI Devilbiss SATA 
Air Inlet psi 29.0 / NA 29.0 / 10.5 29.0 / 10.5 

   

This was done according to manufacturer’s recommendations.   
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Figure 6: AI Clearcoat Inlet Air Pressure Check 

 

Figure 7: AI Basecoat Inlet Air Pressure Check 

 

 

Each fan pattern size was determined by the use of the practice panels and spraying at the 7 to 8 
inch target distance.   Fan patterns were measured so that they were all within 1 inch of each other 
on the long dimension and ½ inch on the width of the pattern.  Table 11 shows the fan pattern 
measurements and Figure 8 shows a typical spray pattern and its measurements. 
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Table 11: Fan Pattern Measurements 

 AI AI SATA 
PPG 12 ½  x 2 3/4 12 ¾ x 2 7/8   12 ¾ x 2 ¾  

Cromax 13 ½ x 3 3/8  13 ½ x 3 ½  13  x 3 ½  
 

 

Figure 8: Fan Pattern Measurement Example 

 

Each spray gun had a dedicated holding fixture (Figure 9).  The triggering mechanism can be seen 
along with the pneumatic cylinders that engage the trigger. 
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`  

Figure 9: Holding Fixture Example 

Coatings were mixed according to the manufacturer’s recommendations.  Pot life of the coatings 
was found in the TDS; coatings were not allowed to go past their pot life times.  The testing 
sequence is shown in Table 12. Three replicates of each set were painted for TE calculations.   

Table 12: Testing Sequence Clearcoat and Basecoat 

Test # Spray Gun Manufacturer Panel Size 
1 AI BC Cap PPG Small 
2 Devilbiss Cromax Large 
3 SATA Cromax Large 
4 AI CC Cap PPG Small 
5  Devilbiss PPG Large 
6 AI CC Cap Cromax Small 
7 SATA Cromax Small 
8 AI BC Cap Cromax Large 
9 Devilbiss PPG Small 
10 AI CC Cap PPG Large 
11 SATA PPG Small 
12 SATA PPG Large 
13 AI BC Cap PPG Large 
14 Devilbiss Cromax Small 
15 AI CC Cap Cromax Large 
16 AI BC Cap Cromax Small 

 

 

 

 

Pneumatic 
Trigger 

Pneumatic 
Cylinders 
 

Dedicated 
Gun 
holding 
fixture 
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LABORATORY INFORMATION AND PROCEDURES 

Most of the Coatings, Corrosion & Erosion Group (CCEG) staff at UDRI has been together for 
over 15 years and includes research scientists with various backgrounds.  This project was 
conducted by: 

• Mr. Christopher Joseph - Project Manager.  Mr. Joseph has over 30 years of experience 
working with paints and coatings.  He was a process engineer in various assembly plant 
paint departments (GM Norwood and GM Van Nuys) and was a paint engineer at the 
General Motors Technical Center in Warren, MI, and a technical paint service 
representative at BASF Corporation (Ford Chicago and Honda Marysville).  Mr. Joseph 
has experience performing TE tests on a larger scale at automotive assembly plants testing 
TE on automotive car and truck bodies.  Chris has a degree from the University of Dayton 
in Mechanical Engineering Technology and an MBA from Northern Illinois University. 

• Ms. LaNay Barley – Senior Coatings Technician – Ms. Barley has extensive experience in 
the maintenance and corrosion control of United States Air Force weapons systems.  She 
represents the Air Force Coatings Technology Integration Office (CTIO), Wright-Patterson 
AFB, OH, in support of Field Support Project Manager at Air Force Corrosion Prevention 
and Advisory Boards, Integrated Pollution Prevention Meetings and other Air 
Force/Department of Defense Conferences.  

• Mr. Matt Sigler – UDRI technician for four years 
• Mr. Jarred Steel – UDRI technician for two years. 

• The remainder of the professional staff has worked at UDRI for over anywhere from one 
years to 18 years.  The technical staff has paint experience ranging from powder coating, 
ceramics, and automotive aftermarket painting.  The experience of the technicians in paint 
ranges from 2 years to over 30 years.   

The paint booth was monitored throughout the testing. The paint booth is environmentally 
controlled for temperature and humidity; controllers are calibrated annually.  The set points for the 
testing were 77°F and 50% RH. The paint booth has a maintenance cycle that occurs every six 
weeks.  Temperatures were recorded for each paint event and the booth never fluctuated more than 
2°F and 5% humidity throughout the testing.  A manometer is attached to the paint booth and 
verified the positive pressure conditions and pressure differential before and after the booth filters.  
The temperature and humidity controls are at the supply end of the paint booth and the manometer 
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is at the exhaust end of the paint booth.  A diagram of the paint booth can be found in Figure 10.  
Figures 11 and 12 show the exhaust and supply sides of the booth.  Figure 13 shows the location 
of the paint spray robot in the spray booth towards the exhaust side of the spray booth. 

 

 

 
 

Figure 10: Booth Diagram (not to scale) 

 

 
Figure 11: Spray Booth Exhaust 

 

 
Figure 12: Spray Booth Supply 

 

 

Air flow 
Paint robot 

10 feet 

20 feet 

Spray Gun 

Panel 
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Figure 13: Paint Robot in Spray Booth 

 

Figure 14 shows the controllers for the paint mix room and the paint booth.  The set points for 
temperature were 74°F and the set points for humidity were 50%. 

 

Figure 14: Controllers for Paint Mix Room and Spray Booth 

 

EQUIPMENT  

The equipment used can be found in Table 13.  All equipment that is not identified as “No 
Calibration Required” is on a regular calibration schedule.  Each piece that is calibrated is 
calibrated at least annually.  Calibrations are performed either by the Air Force Calibration office 
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or by UDRI; the calibration group at UDRI is ISO 17025 accredited.  Equipment calibration 
certificates are in Appendix B.  Accreditation and calibration information is provided if available.  
The DFT meter, Positector 6000 DFT is “verify before use.”  The accreditation information is for 
the shims used to verify the Positector 6000 DFT.  

 

Table 13: Equipment Used 

Equipment Name ID Number Use Accredited By Accreditation # 
Positector 6000 DFT * 72246 Dry Film Thickness NIST AFTO 00-20-14 

Gardco Ford #4 J306W Viscosity AClass ACT-1267 
Fisher Scientific 

Stopwatch* 
14-649-5 Viscosity AClass ACT-1267 

Gardco Density Cup* N/A Density   
Digital Thermometer F165186 Viscosity WPAFB/PMEL AFTO 00-20-14 

Pennsylvania Scale M7300 C830047  Weigh Paint Gun WPAFB/PMEL AFTO 00-20-14 
Paint Booth Temperature C829301 Booth Temperature WPAFB/PMEL AFTO 00-20-14 

Paint Booth Humidity C829302 Booth Humidity WPAFB/PMEL AFTO 00-20-14 

Wet Process Temperature C829303 
Wet Process 
Temperature 

WPAFB/PMEL AFTO 00-20-14 

Wet Process Humidity C829304 
Wet Process 

Humidity 
WPAFB/PMEL AFTO 00-20-14 

Delta Range  
PR2003 Scale 

C830046 
Panel Weights and 

Foil weights 
WPAFB/PMEL AFTO 00-20-14 

Go – NoGo Gages* 
Meyer Black Tip Set  

M049530 Orifice Size   

Anemometer Dwyer  
MVA-02  

 
Paint Booth Air 

Flow 
WPAFB/PMEL AFTO 00-20-14 

* no calibration required   

 

 
  



AI Spray Technologies Transfer Efficiency - Final Report 

 

Page 24 of 73 
UDRI-J8V782-01 

TEST PANEL AND FOIL HANDLING 

All test panels were identified on the backs with an engraved identification (ID) number.   

The weighing foils (Figure 15) used for calculating the solids of the paints were prepared by being 
placed in an oven at 110°C (230°F) for a minimum of 60 minutes and then placed in a desiccator.  
The foils for calculating percent solids were removed from the desiccator when they were needed.  
After the coatings were measured out into the foil, 3 ml of MEK was added to the coating to help 
disperse the coating.  The foils were then baked for 1 – 1 ½ hours at 140°F to ensure all of the non-
solids were baked out to ensure the most accurate measurements possible for each coating. After 
the coatings were baked, the foils were placed in a desiccator for a minimum of 24 hours. Each of 
the foils was then weighed after 24 hours minimum in the desiccator.  Powder free gloves were 
worn when handling the foils, syringes, and test panels.   

 

Figure 15: Weighing Foil 

  

The oven used to bake the samples for percent solids was an ESPEC environmental chamber.   

The calibrated oven used for the foil bake was turned on 24 hours prior to testing and ran the entire 
week at the set temperature of 60°C (140°F) (Figure 16).   
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Figure 16: Oven Used 

 

Figure 17 shows the balance used for all of the weight measurements including the panels, foils, 
Density measurements, and Percent Solids measurements. 



AI Spray Technologies Transfer Efficiency - Final Report 

 

Page 26 of 73 
UDRI-J8V782-01 

 

 

Figure 17: Balance  

 

All components used in the mixing of the paints were performed in a climate-controlled booth 
called the mix room.  The mix room (Figure 18) is temperature and humidity controlled.   
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Figure 18: Climate Controlled Paint Mix Room 

 

VISCOSITY AND DENSITY 

The calculated viscosity and density data can be found in Table 14.  Figures 19 and 20 show an 
example of the coating temperature being measured and a Ford #4 cup.  A Ford #4 density cup 
was used for all viscosity checks. 

 

Table 14: Average Viscosity and Density measurements 

Material Ford #4 Viscosity Density g/L Density lb/gal 
PPG Clearcoat 14.95 1150.9 9.6 
Cromax Clearcoat 12.61 1089.6 9.1 
PPG Basecoat 31.7 1009.8 8.4 
Cromax Basecoat 26.4 1009.9 8.4 

 

 

 



AI Spray Technologies Transfer Efficiency - Final Report 

 

Page 28 of 73 
UDRI-J8V782-01 

 

Figure 19: Clearcoat Temperature Check 

 

 

Figure 20: Ford #4 Viscosity Cup 

 

PERCENT SOLIDS 

The % solids calculated from the foils are found in Tables 15 and 16.  Each coating material % 
solids was calculated using three foils. 

The procedure used to determine percent solids was as follows: 

1. Obtain weighing foils, identify weighing foils and bake at 110°C (230°F) for a minimum 
of 60 minutes.  For this project the foils were baked overnight and gloves were used to 
handle all foils.  The foils were placed in a desiccator after they were removed from the 
oven for a minimum of 24 hours. 

2. Methyl ethyl ketone (MEK) was used as the reagent for the clearcoats. 
3. Samples were mixed in accordance with the manufacturers recommendations. 
4. A representative sample of the paint was taken after thorough mixing. 
5. The aluminum weighing foils were weighed and the weight was recorded. 
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6. Solvent was added to the weighing dish using a plastic pipette after the coating was 
dispersed into the foil weighing dish.  (3 ± 1 ml of MEK). 

7. The coating was then drawn into a syringe and the outside of the syringe was wiped clean. 
8. The syringe was weighed. 
9. Material in the syringe was then transferred into the appropriate weighing foil.  Care was 

taken to ensure the materials were properly dispersed. 
10. The syringe was then reweighed. 
11. This process was duplicated so that three samples of each material were tested. 
12. The weighing foils were then baked at 60°C (140°F) for a minimum of 60 minutes. 
13. After the foils were removed from the ESPEC they were placed in a desiccator for a 

minimum of 24 hours. 
14. The weighing foils with the baked materials were reweighed. 

 

Table 15: Percent Solids Clearcoat 

 Average % Solids 

PPG Clearcoat 43.0 

Cromax Clearcoat 35.2 

 

Table 16: Percent Solids Basecoat 

 Average % Solids 

PPG Basecoat 13.3 

Cromax Basecoat 12.8 

 

 

To ensure that the volume of paint fed through the gun was consistent across the different spray 
guns and materials, the same amount of paint was mixed and poured into each gravity feed cup.  
The amount of material mixed was approximately 500 ml of all components for each test.   

The orifice sizes of the fluid tips were checked with a Meyer Black Tip Set (Table 17).  The largest 
gage pin that fit in the orifice was recorded.  
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Table 17: Orifice Go/No-Go Values 

Spray Gun Anest Iwata Devilbiss SATA 
Gage Pin Diameter 0.052”  0.054”  0.053” 

 

 

FILM THICKNESS MEASUREMENT 

After curing the DFT of the coatings was measured.   

The DFT data was obtained using an Eddy Current Film thickness gage, the Positector 6000-FN3.  
Certified shims were used to calibrate the DFT gage.  The shim used to verify the gage was 2.06 
mils and the shim is NIST traceable.    

The SCAQMD requires two film thickness readings per panel; however, for this test, five film 
thickness readings were taken per test panel.  Table 18 summarizes the dry film thicknesses.    
In all instances, the clearcoats were applied in two coats and the appearance was good.  A two to 
three minute flash off was allowed between coats and the panels were placed horizontally for the 
flash off period.  

Table 18: Dry Film Thickness Averages (15 readings) 

Basecoat Averages 
AI BC Cap 0.52 
AI CC Cap 0.49 

Devilbiss HVLP 0.56 
SATA HVLP 0.42 

Clearcoat Averages 
AI BC Cap 1.57 
AI CC Cap 1.72 

Devilbiss HVLP 1.87 
SATA HVLP 1.39 

 

SEQUENCE OF EVENTS 

Tables 19 and 20 show the timing of the spray events, the bake for the foils and for the clearcoats.  
All sprayouts for each of the materials was performed with one mixed batch of paint per test.   
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Table 19: Sequence of Events Clearcoat 

Date Material Mix Density Foil 
Begin 

Foil 
End 

Spray 
Begin 

Spray 
End 

01/19/22 PPG 10:00 10:10 10:20 11:40 10:06 10:15 
01/19/22 Cromax 10:20 10:30 10:40 12:00 10:25 10:33 
01/19/22 Cromax 10:20 10:30 10:40 12:00 10:42 10:47 
01/19/22 PPG 11:00 11:10 11:20 1:05 11:07 11:14 
01/19/22 PPG 11:00 11:10 11:20 1:05 11:25 11:33 
01/19/22 Cromax 12:05 12:15 12:25 1:50 12:15 12:21 
01/19/22 Cromax 12:05 12:15 12:25 1:50 12:26 12:34 
01/19/22 Cromax 12:05 12:15 12:25 1:50 12:38 12:47 
01/19/22 PPG 1:00 1:10 1:20 2:45 1:05 1:11 
01/19/22 PPG 1:00 1:10 1:20 2:45 1:12 1:24 
01/19/22 PPG 1:00 1:10 1:20 2:45 1:26 1:35 
1/19/22 PPG 1:00 1:10 1:20 2:45 1:42 1:50 

01/19/22 PPG 1:00 1:10 1:20 2:45 1:53 2:02 
01/19/22 Cromax 2:15 2:25 2:35 4:00 2:17 2:26 
01/19/22 Cromax 2:15 2:25 2:35 4:00 2:31 2:40 
01/19/22 Cromax 2:15 2:25 2:35 4:00 3:01 3:09 

 

Table 20: Sequence of Events Basecoat 

Date Material Mix Density Foil 
Begin 

Foil 
End 

Spray 
Begin 

Spray 
End 

01/20/22 PPG 10:00 10:10 10:20 11:45 10:04 10:16 
01/20/22 Cromax 10:22 10:32 10:42 12:05 10:25 10:34 
01/20/22 Cromax 10:22 10:32 10:42 12:05 10:40 10:48 
01/20/22 PPG 10:53 11:03 11:13 12:45 10:55 11:04 
01/20/22 PPG 10:53 11:03 11:13 12:45 11:08 11:14 
01/20/22 Cromax 11:20 11:30 11:40 1:15 11:28 11:37 
01/20/22 Cromax 11:20 11:30 11:40 1:15 11:50 12:00 
01/20/22 Cromax 11:20 11:30 11:40 1:15 12:09 12:20 
01/20/22 PPG 12:35 12:45 12:55 2:20 12:38 12:46 
01/20/22 PPG 12:35 12:45 12:55 2:20 12:51 1:00 
01/20/22 PPG 12:35 12:45 12:55 2:20 1:05 1:12 
01/20/22 PPG 12:35 12:45 12:55 2:20 1:14 1:21 
01/20/22 PPG 12:35 12:45 12:55 2:20 1:25 1:35 
01/20/22 Cromax 1:38 1:48 1:58 3:15 1:42 1:49 
01/20/22 Cromax 1:38 1:48 1:58 3:15 1:57 2:06 
01/20/22 Cromax 1:38 1:48 1:58 3:15 2:10 2:19 
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RESULTS AND DISCUSSION  

Anest Iwata USA, Inc requested that their compliant spray gun be tested with two air caps, one air 
cap designed for basecoat and one air cap designed for clear coat, to the current Transfer Efficiency 
protocol developed by SCAQMD.  Each air cap was tested with both materials tested.  According 
to the SCAQMD protocol, if the non-HVLP spray gun has an average TE better than just one of 
the HVLP spray guns then it passes the rigorous testing required by SCAQMD.  

The data generated from this project indicate that the Anest Iwata spray gun with the different air 
cap and material combinations performed equal to or better than at least one of the HVLP spray 
guns commonly used in automotive aftermarket repair shops.  

The spray applications, booth conditions, and paint volumes were all performed so that each spray 
gun set up would be as similar as possible.  All spray guns were set up with the fluid and air 
controls full open.  The spray guns were set up so that there was no distinct difference in the fan 
patterns.  The target distances were set so that the fan patterns were as similar as possible.  The 
test data generated is only valid if the Anest Iwata spray gun is used at the parameters used for this 
test.  Any variation in the spray parameters and spray gun set up will cause different results. 

An example of spray applications was videotaped and a DVD copy of the recordings is included 
with this report along with still images. 
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APPENDIX A – STATEMENT OF NO CONFLICT OF INTEREST 
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APPENDIX B – EQUIPMENT CALIBRATION CERTIFICATES 
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APPENDIX C – TECHNICAL DATA SHEETS 

 

CROMAX BASECOAT 
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PPG BASECOAT 
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APPENDIX D – COMPLETE DATA SUMMARY 
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11/30/2023 

 

Yolo – Solano Air Quality Management District 
1947 Galileo Ct 
Suite 103 
Davis, CA  95618 

 

Subject: Request for Written Approval to Use Series 2 WS-400 Spray Gun (Digital and Non-
Digital) with Air Caps WS-400-02, WS-400-02 OBS, WS-400-03, and WS-400-03-BF (Basecoat 
and Clearcoat), Application No. 627297 in CA. 

 

Dear Benjamin Beattie, 

I hope this letter finds you well. I am writing to request written approval to sell and operate the 
Series 2 WS-400 spray gun for Motor Vehicle and Mobile Equipment Non-Assembly Line Coating 
Operations in Yolo – Solano under Rule 2.26 Section 302.3.  

ANEST IWATA has received South Coast Air Quality Management District approval for the 
Series 2 WS-400 models which you can find enclosed. This approval shows that the transfer 
efficiency can achieve equivalent or better transfer efficiency to a high-volume, low-pressure 
spray gun.   

I appreciate your time and attention to this matter. If you require any further information or 
clarification, please do not hesitate to contact me at 513-446-8596 or sarar@anestiwata.com.   I 
look forward to your response and appreciate your assistance. 

Thank you for your consideration. 

Sincerely, 

Sara Robbe 
ANEST IWATA Americas 
Marketing Manager 
sarar@anestiwata.com 
513-446-8596

ANEST IWATA Americas, Inc. 
9525 Glades Drive 

West Chester, OH 45011 
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Grant Setzler

From: Sara Robbe <sarar@anestiwata.com>
Sent: Tuesday, January 16, 2024 8:43 AM
To: Ben Beattie
Subject: RE: County approval for Transfer Efficiency
Attachments: ANEST - 627297.pdf; Anest Iwata Final Report August 2022 - signed.pdf; ANEST - 

632690.pdf; ANEST - 636151.pdf; final report Anest IWATA WS-400-AX-1 SCAQMD.pdf; 
Yolo_EPA_AX1_CACountyRequest_SR1_11172023-13.pdf; Yolo_EPA_SR2
_CACountyRequest_SR1_11172023 13.pdf

Hi Benjamin,  
I just wanted to follow up on this request and see if you need anything else for me? I’ve attached the information again 
in case you need it. 
 
Let me know if you have any questions.  I appreciate your time. 
 
 
Sara Robbe 

 
Marketing Manager 
ANEST IWATA Americas, Inc.  
10148 Commerce Park Drive 
Cincinnati, OH 45246 
(513) 446-8596 

 

 
 
 

From: Ben Beattie <BBeattie@ysaqmd.org>  
Sent: Thursday, December 7, 2023 3:40 PM 
To: Sara Robbe <sarar@anestiwata.com> 
Subject: RE: County approval for Transfer Efficiency 
 
Hi Sara, 
You indeed reached the right person. My staff and I will take a look at the information you submitted and reach out to 
you if we have any additional questions. 
Thank you, 
 
Benjamin Beaƫe 
Engineering Manager 
Yolo-Solano Air Quality Management District 
1947 Galileo Court 
Davis CA, (530) 757-3667 
www.ysaqmd.org 
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From: Sara Robbe <sarar@anestiwata.com>  
Sent: Thursday, December 7, 2023 12:13 PM 
To: Ben Beattie <BBeattie@ysaqmd.org> 
Subject: County approval for Transfer Efficiency 
 
Hello Mr. Beattie,  
I am writing to gain approval for operation of our Series 2 guns in your county.  I am submitting information our Series 2 
WS-400 guns and our AX-1 guns.  If you are not the right person or this is not the correct process, I would greatly 
appreciate any feedback on how to go about this correctly.   
 
Thank you so much for your time.  Please don’t hesitate to contact me with any questions or concerns. 
 
Sara Robbe 

 
Marketing Manager 
ANEST IWATA Americas, Inc.  
10148 Commerce Park Drive 
Cincinnati, OH 45246 
(513) 446-8596 

 

 
 
Sara Robbe 

 
Marketing Manager 
ANEST IWATA Americas, Inc.  
10148 Commerce Park Drive 
Cincinnati, OH 45246 
(513) 446-8596 
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