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FOREWORD

When energy and material resources are extracted, proc-
essed, converted, and used, the related pollutional impacts on
the environment and even on health often require that new and
increasingly more efficient pollution control methods be used.
The Air and Energy Enjineering Research Division (AEERD) at
Research Trianjle Park, North Carolina, assists in developing
and demonstrating new and improved methodologies that will
meet these needs both effectively and economically.

The research described herein was undertaken to address
how spray painting transfer efficiency is affected by operating
and maintenance parameters. Air pollution iapacts, energy,
and materials resource conservation are affected by loss of paint
and solvenc in poorly operatedé or maintained spray painting
facilities.

Four major types of spray painting equipment were tested
to determine their sensitivity to certain preselected operating
or maintenance parameters.

This is the first published research into a very expensive
industrial and environmental problem,

ABSTRACT

This repnrt is submitted in fulfillment of Contract
Number 68-03-1721, Task 1. It describes sensitivity studies
conducted on four types of spray systems to determine the
effects of improper operations or maintenance on truasfer
efficiency. A Draft Standard Transfer Efficiency kNethod was
used for the test program. Three different target coafigura-
tions were painted for each spray system.

Test results show the strong effect proper selection of
spray conditions has on transfer efficiency. The particular
lJevel of response for specific factors varies from spray system
to spray system, and from target configuration to target con-
figuration. Case-specific regressions were developed for each
spray system and target type. Thcse are presented and discussed
in the ceport.
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LIST OF ABBREVIATIONS AND UNIT CONVERSIONS

ABBREVIATIONS

ASTM ~- American Society for Testing and Materials

AAC -- air atomized conventional paint spray esquipment
AAE -- air atomized electrostatic paint spray equipment
ALC -- airless conventional spray equipment

ALE -- airless electrostatic spray equipment

EPA -=- United States Environmental Protection Agency
Fan air -- shaping air or horn air

FP -- flat panel (target configuration)

PSIG == pounds per square inch, 1lb/in“, gauge

Oo&M -- operating and maintenance

QA/QC == quality assurance/quality control

TE -- transfer efficiency

vC -~ vertical cylinder (target configuration)

voc ~-- volatile organic compounds

UNIT CONVERSIONS

To go from To Multiply by
°c p 1.8%C + 32
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SECTION 1

INTRODUCTION

This test program was initiated to develop information
abcut how spray painting transfer efficiency (TE)* is affected
by operating and maintenance variables. Four basic types of
spray equipment were selected for the test program: air atomized
conventional (AAC), air atomized electrostatic (AAE), uirless
conventional (ALC), and airless electrostatic (ALE).

Operating and maintenance (0&M} variables were developed
for each of these egquipment types through a literature search,
by industry contacts, and through manutacturers of spray equip-
ment., Over thirty separate variables were identified. Based on
an evaluation of the possible effect of each variable on TE (for
each type of equipment) and on the ability to simulate the
variable in a laboratory, the most significant variables were
selected for testing in this program. Up to 7 variables were
selected for testing on a single equipment type.

An experimental design was developed to address selected
operating and maintenance variables fcr each type of equipment.
In =zach case the design consisted of a fractional factorial
design augmented by a "star™ design and a set of replicates.

The process of identification of operating and maintenance
variables, and of developing appropriate experimental designs is
detailed in "Subtask Report: Sensitivity Studies on the Effects
cn Transfer Efficiency of Improperly Maintained or Operated
Spray Painting Equipment.” Levels for testing each variable
were developed on-site prior to testing.

Once the test program was well defined, CENTEC began
contacting companies with well equipped spray painting labora-
tnries to locate a qualified test site. The electrostatics
laboratory at Graco, Incorporated in Minneapolis, Minnesota, was
qualified and willing to participate in the test program. Graco
provided the laboratory, spray equipment, technicians, and some
other materials for testing.

*TE is the amount of paint solids deposited on a target
divided by the amount of paint solids sprayed at the target
multiplied by 100 percent.



The test program was conducted in February 1984. Each
equipment type was the subject of a single experiment consisting
of up to 34 test runs. Each experiment lasted one week, for a
total of 4 weeks of testing. Sections 4, 5, 6, and 7 of this
report describe the perfcrmance and results of each experiment.
Section 2 summaries the overall conclusions from the test
program and accompanying test results.

As described in the Draft Standard Test Method (Ap-
pendix A), all tests took place with two target types, flat
panel (FP) and vertical cylinder (VC). Graco has, for their own
purposes, developed a transfer efficiency determination method
utilizing a different target design. In all of the testing
described in the report, the "EPA"™ targets (Standard Test Method
Targets) were first painted at a given set of conditions,
followed by painting the Graco target set under the same condi-
tions. Thus all transfer efficiency results in this report are
reported according to flat panel, vertical cylinder, and Graco
target results.



SECTION 2

CONCLUSIONS

EFFECTS OF OPERATING AND MAINTENANCE VARIABLES ON TE

AAC transfer efficiency was most strongly affected by
restricted air lines. This effect was pronounced over all
three target types tested, and should be considered the most
prominent O&M varizble tested for this type of spray system.
Fan air adjustments had a strong effect for two of three target
types, and should be considered a major effect as well. Re-~
stricted paint lines and booth air rates had significant
effects, although not as strong as restricted air lines or
fan air.

AAE tranfer efficiency was effected by the highest
number of variables. The most prominent effect was voltage,
followed by restricted air lines and restricted paiat lines.
Booth air, gurn cleanliness, fan air, and electrode position
also had significant etfects. These effects were not con-
sistent across all target configurations; the VC and Graco
target configurations were much more sensitive to AAE test
variations than FP targets. The FP target restricts the
ability of electrostatic spray to wrap around and increase TE.

ALC transfer efficiency was overwhelmingly affected by tip
erosion. Restricted paint lines were found significant for
Graco targets, but the effect of tip erosion was overriding
in all cases.

ALE t-ansfer efficiency effects are similar to both the
AAE and ALC systems: voltage and electrode position had the
largest effects, but effects of other factors were contingent
on target configuration.

OTHER CONCLUSIONS

The Graco target configuration was found to be the most
gensitive target design for detecting O&M effects. Transfer
efficiency regressions had the tightest fit for Graco results,
and the target configuraticn was the most comfortable to use
experimentally. Thus, the Graco target represents the most
desirable target design tested to date, It is recommended
as the standard target for all future TE tests.



SECTION 3

MASS FLOW RATE COMPARISON

The original test method called for determining the paint
mass flow rate using platform scales and a stopwatch. (Refer to
Appendix A.) The paint supply pot rested on platform scales,
and readings were taken as the paint flow was initiated and
stopped for each test run. A stopwatch was used to time the
interval between scale readings. Mass flow rate was determined
by dividing the total weight difference by the elapsed time.
While this method had proven satisfactory in determining paint
mass flow for TE testing, no airless spray equipment had been
tested., Airless pumps create vibration problems in using
platform scales. Several sources recommended using a mass
flow meter to determine paint flow rate. These sources main-
tained that a mass flow meter would be simpler to use, easier to
read, and more precise than the platform scale/stcpwatch
method. 1A mass flow comparison test was designed to evaluate
the benefits and any CA/QC implications of these two measurement
technigues.

The QA/QC plan for the TE test program specified reguire-
ments for determining paint mass flow in terms of welight and
time measurements. To ensure that the mass flow meter met
these requirements, a test was set up to directly compare
methods. The platform scale was set up, calibrated, and zerced.
The paint supply pot was placed on the scales. The paint flow
was routed through the mass flow meter, which was also zeroed
and calibrated. TE test runs were simulated by spraying atom-
ized paint into an empty spray booth using AAC spray equipment.
A test run time of 16 seconds was selected, similar to the time
for earlier runs at TE testing sites elsewhere,

Seven test runs were performed. In each run mass flow
meter and platform scale/stopwatch readings were taken simul-
taneous)y. The experimental results are presented in Table 1.

It is readily apparent from Table | that the standard deviation

of the mass flow meter data was significantly lower than for the
original mass flow determination method, while the average mass

flow rates were virtually identical.

Table 1 presents the results of seven experiments
performed to compare flow rates as determined by the
the mass flow meter and by the platform scale/stopwatch



method. The use of the platform scale and stopwatch is
described in the Draft Standard Test Method and has been

used in all testing to date. The use of the mass flow meter
would offer certain simplifications in the proposed test
procedure. The experiments listed in Table 1 were undertaken,
then, to determine if the two flow rate measurement methods gave
substantially equivalent results in order to justify the sub-
sequent use of the mass flow meter.

TABLE 1., MASS FLOW COMPARISON DATA

Experiment Platform scale & stopwatch Mass flow
number method, g/s meter, q/s
} 10,16 9.99
2 10,05 9.99
3 10.09 9.99
4 9.96 9.99
5 10,04 9.99
6 9.74 9.9%

7 _9.93 9.93
Mean 10.00 9.97

Standard Ceviation 0.14 0.03

It was determined that the new method would be accepted
if it provided readings within the accuracy specifications
set for the flow rate determination, +2 pe¢rcent. The standard
deviation of the flow rate determination by scale and
stopwatch had been estimated to be 0.1 g/s8. At & flow rate
of 10 g/8, then, a maximum acceptable difference of 0.2 g/s
was set, or a ratio of acceptable difference to standard
deviation of 2.0,



The risk of falsely accepting the mass flow meter as
meeting these criteria, the g-risk, was set at 0.05. That
is, no more than a 5 percent risk was desired that the sample
would be judged to have come from an acceptable population
when it really came from an unacceptable ropulation. The
a~risk, or the risk that the two methods night be judged dif-

ferent when they actually are equivalent, was set at 0.1
(double-sided test).

The required number of observations to control the & and
B~risks to these levels under the stated conditions is seven.
The significance of the difference between the means waa then
determined by performing a t-test at the 0.1 level.

The t-statistic as determined for the data of Table 1 is
0.458 with 12 degrees of freedom. Since the value of t is well
below the critical value at the 0.1 level, it may be stated that

the two methods do not differ by more than 0.2 g/s at the stated
levels of risk.



SECTION 4

AIR ATOMIZED CONVENTIONAL SPRAY EQUIPMENT

EQUIPMENT DESCRIPTIOM*

A Graco Model 800 manual air spray gun was selected for AAC
testing. The Model 800 gqun was considered typicai of pressure-
fed external mix air spray equipment. The spray gun was equipped
with a 021-10F806 Graco air cap, and a 1.2 mm fluid tip. Paint
flow was manuiully initiated by cpening a valve on the paint
supply line. Paint flow was measured by a daily-calibrated
Micromotion mass flow meter (see Section 3).

A standard Graco black enamel was selected as the test
paint. The paint averaged about 28 weight percent solids
during AAC tests and was adjusted to 29 seconds {#2 Shell
cup) viscosity. A 16 L (4 gal) batch of paint was mixed for
AAC testing. One batch was sufficient to complete AAC testing.
Paint was mixed and stored in a 20 L (S gal) Graco Model 270-393
pressure tank, which was kept in a temperature-controlled
booth. The paint pressure tank, stirrer, regulators, viscosity
measurement equipment, and some sugply lines were kept in the
temperature-controlled booth at 25°C + 1°C throughout TE
testing. All paint supply lines (spanning 6-8m) were insulated.

AAC tests were conducted in a Dynaprecipitator water wash
spray booth. Air flow was in the direction of paint spray,
normal to the targets. Air flow was adjusted by opening or
closing a vent on the booth exhaust duct. With the vent closed,
the booth air rate was 61 cm/s (120 fpm) at the plane of the
targets, and varied from 51 cm/s to 71 cm/s (100 fpm to 140 fpm)
asross the booth face during testing. With the vent open, the
booth fan pulled air directly from the room and through the
booth (instead c£ itaking suction from the booth alone), lowering
the booth aiv fiow rate to 36 cm/s (70 fpm) and varied from
25 cm/8 to 46 cm/s (50 fpm to 90 fpm) across the booth face
during testing. Targets were kept from being blown back from
the spray equipment by a polymer pipe frame mounted between the
targets and the water wash,

*nir atomized conventional (AAC) spray ecuipment is charac-
terized by the use of air as the atomizing agent for the
paint spray.



A variable-speed electric conveyer system (Reliance Electric
Company) was used to carry the targets in front of the spray
equipment. All AAC runs were made with the conveyor get at 10.6
cm/s. Very little fluctuation was observed in conveyor speed
during AAC testing.

Foil weights were determined on Precisa laboratory scales
accurate to 0.01 g. Weight-percent-solids samples and dishes
were weighed on 0.0001 g accuracy laboratory scales.

A forced air gas-fired oven was used for curing weight
percent solids samples and painted foil TE samples. TE samples
ware mounted on a large rack for curing, while weight r.ercent
solids sample dishes were placed on a makeshift shelf for curing.
Both were cured at 148.9°C (300°F) for 20 minutes. After
the first few TE samples showed signs of contamination (dirt
flecks in finish), the oven was cleaned out daily by vibrating
the walls and then vacuuming.

A Micro Motion mass flow meter was used for paint mass flow
determinations. Section 3 diacusses the use of a mass flow
meter in comparison to the digital scales/stopwatch mass flow
determination method specified in the test procedure (Appen-

dix A).

Medium temper 4x10 °m (1.5 mil) thick, 15.24 cm {6 in)
wide aluminum alloy foil was used to cover VC and FP targegs.
({Refer to Appendix A, Test Method.) Medium temper 4 x 10 “m
(1.5 mil) aluninum alloy foil 38.1 zm (15 ir) wide was used to
cover Graco targets during testing.

The test method in Appendix A was strictly adhered to for
AAC testing, as were the QA/QC requirements of Appendix B.
After each EPA test run was completed, a separate run was made
using Graco targets. A summary of all AAC test egquipment
epecifications is presented in Appendix C.

OPERATING AND MAINTENANCE VARIABLES

During an earl.ier phase of this project, industry represen-
tatives, consumers, and manufacturers identified 17 operating and
maintenance variables considered important in achieving optimum
TE for AAC equipment. These variables are listed in Table 2.

Pive variables were selected for testing on the bausis of
the number of times it was identified by different sources, tne
anticipated size of effect on TE, the ability to simulate it
within the prescribed test methodology, and finally, the limi-
tation of laboratory time. The five selected test variables
were:

Restricted air lines
Booth air rate

Gun cleanliness
Restricted paint lines
Fan (or horn) air

00000



TABLE 2. OPERATING AND MAINTENANCE YVARIABLES FOR
AAC SPRAY EQUIPMENT*
Atomizing air
Booth air rate
Booth configuration
Cure schedule (time, temperature)
Paint discharge technique
Equipment design
Flash off
Gun cleanliness
Gun condition
Gun-to-target distance
Operator error
Paint mass flow rate
Paint characteristics
Restricted air supply
Restricted paint supply
Shaping air (fan air)

Target configuration

* As mentioned by industry sources contacted



Some of the variables could be gquantitatively simulated
(fcr example by varying paint pressure), while others could only
be simulated qualitatively.

EXPERIMENTAL DESIGN

An experimental design was developed to accommodate the
limitations of testing while addressing the effects of each
variable as completely as possible.

The first restraint on experimental design was the avail-
ability of laboratory time: only about 30 test runs could
reasonably be completed during a week of testing. The second
limitation was the number and type of simulation levels for each
variable. Only two levels of linear air velocity (bcoth air
rate) were possible in the test laboratory, while three levels
of fan air (sometimes called horn air or shaping air) were
achievable, ard five or more levels of the other variables could
be simulated. Table 3 presents the type of variable (quantita-
tive/qualitative) and levels to be accommodated in the experi-
mental design.

TABLE 3. EXPERIMENTAL VARIABLES SELECTED FOR TESTING
AAC SPRAY SYSTEMS

Factor Quant./ No. of
ID Factor description qual. test levels
A Restricted atomizing

air lines Quant. 5
B Booth air rate (linear

velocity) Quant. 2
o Gun cleanliness Qual. 5
D Restricted paint lines Quant. 5
E Pan air (sometimes

called horn air or

shaping air) Qual. 3

A central composite experimental design was selected as the
most thorough way to examine the effects of these factors with
the fewest number of test runa. The experimental design is
characterized by combining a fractional factorial design portion
with a "star" porticn, augmented by replicates.

Table 4 presents the AAC experimental design. 1In this
tabie, the abbreviations "a,"” "1," "0," "=1," and "-a" denote

10



TABLE 4, AAC EXPERIMENTAL DESIGN

FACTOR

Run Number _A B £ _D _E
1 -1 -1 -1 -1 1
2 -1 -1 -1 1 -1
3 -1 -1 1 -1 -9
4 -1 1 -1 -1 -1
S 1 -1 -1 -1 -1
6 1 1 1 -1 -1
7 1 1 -1 1 -1
8 )] 1 -1 -1 1
9 1 -1 1 1 -1
10 1 -1 1 -1 1
11 1 -1 -1 1 1
12 -1 1 1 1 -1
13 -9 1 1 -1 1
14 -1 1 -1 ) 1
15 -1 -1 1 ] 1
16 1 1 1 1 1
17 -3 -1 0 0 V]
18 a -1 0 0 0
19 0 1 -a 0 V]
20 1] 1 a 0 0
21 0 -1 0 -a ]
22 0 =1 0 a 0
23 0 ) o 0 -1
24 0 1 ] 1] 1
25 a ) a a 1
26 3 1 a a 1
27 a 1 a a 1
28 a 1 a a 1
29 a 1 a a 1
30 a 1 a a 1

wWhere:

Restricted air lines~--test at 5 levels: a,1,0,-1,-a
Booth air rates--test at 2 levels: 1,-1

Gun cleanliness-~tegt at 5 levels: a,l,0,-1,-a
Pestricted paint lines--test at 5 levels: a,1,0,~1,-2
Fan alr--test at 3 levels: 1,0,-1

mpopoOm»
| IO B
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the level of each variable to be tested. Level "a" denotes the
base level with a good spray pattern. Level "-a" denotes the
poorest level of a variable to be tested. The intermediate
levels "1," "0, and "-1" were determined along equal spacing
from "a® to "=-a"™ for the particular variable. Level "a" will
be different for each experimental design and for different
variables in the design. It remains constant for a given vari-
able in a given design.

Levels for AAC variables were determined in pretest
trials as described in the following subsection.

The first 16 test runs in the experimental design (Table 4)
are the fractional factorial portion of the design. When the
results of several factors are to be studied, a factorial design
iz usually the most efficient method to use.* The basic idea
of factorial desiyn is to alter several aspects of a test at a
time, but in such a way that the effects of individual altera-
tions can be determined. Practional factorial designs sacrifice
some ability to test for interaction between factors but are
able to test for main effects very efficiently.

Runs 17 through 24 in Table 4, are the "star®" portion of
the experimental design. This portion of the experiment tests
the effects of variables at the extremes of their range (for the
system under test, at "a" and "-a"). The star design broadens
the range of information gathered in the test. The star portion
of the design allows extra degrees of freedom in order to assess
lack of fit.

The experimental design used in the AAC case involves a
central composite design for factors A, C, and D. A classical
central composite design on all five variables was impossible
because of the necessity of using only 2 levels of variahle B
and 3 levels of variable E.

The last six runs of the test design are replicates.

Replicates are provided =t the base condition of all variables
to provide a measure of the test precision.

- —

Assocliation of Official Analytical Chemists, Arlington, VA,
1982; and Davies, 0. L., Design and Analysis of Industrial
rxperiments, Great Britain, 1979; and Myers, Paymond H.,
Response Surface Methodology, 1976.
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AAC TEST PERFORMANCE

AAC testing began on February 8, 1984, Eguipment set up,
target assembly and hanging, foil cuttinyg and preweighing, and
other preparatory activities were completed carlier in the week.
The morning of February 8 was spent mixing and adjusting test
paint to desired specifications. (See Appendix C for paint
specifications.) About 16 L (4 gal) of paint was mixed in the
20 L (5 gal) capacity paint pressure pot. <The paint was stored
inside 2 temperature-controlled booth at 25°C + 1°C. Once
the paint was adjusted, all equipment and lines were rechecked
for proper installation and freedom from obstruction. The mass
Elow meter was calibrated and zeroed. Mass flow calibration was
double checked against unatomized paint capture a~d found to be
within 0.4 percent of the meter reading, as required.

Preliminary paint weight-percent-solids determinations were
made using the recommended ASTM method, and using Graco's own
technique. (The ASTM method is included in Appendix A.) Basi-
cally, the ASTM method required sampling the paint and adding
0.5 g (+ 0.1 g) of the paint sample to a dry preweighed 58 mm
aluminum sample dish. Solvent (3 mL) was added to the sample
pricr to curing to spread the paint sample evenly in the dish,
The Graco method required a 15 mL paint sample be taken and
spread out by gravity into a 30.48 cm (12 inch) preweighed
aluminum dish. The results of the two methods did not closely
agree, and some unacceptable variance in the ASTM method was
also noted. According to the QA/QC plan, TE data canncot be
accepted unless all component measurements meet precision
requirements.

A number of weight-percent-solids determinations was made
to resolve the differences. In running these samples it was
discovered that the ASTM-method aluminum dishes were coated with
an oily compound to keep them from sticking together in storage.
This coating had to be burned off before the dish could be 1sed
in weight-percent-solids determinations. The weight of the oil
on the preweighed dish varied, causing the net weight percent
solids to vary as well. It was also discovered that uneven
distribution of the paint (in either methvd) caused differences
in curing and consequently in weight percent solids. The latter
problem manifested itself most freguently in the Graco method,
and almost none at all in the ASTM method when proper care was
taken to assure the dishes were level during curing. As detailed
in the TE test procedure, the ASTM method was used for all EPA
weight-percent-solids determinations in this report. Graco
amended their welght-percent-solids determination to follow ASTM
recommerdations, but continued to take their weight-percent-
solids samples from the paint line rather than from the paint
pot as th> TE test procedure requires. Graco weight-percent-
solids samples continued to vary somewhat from EPA values,
apparently due to the sampling technique or position. (The term
"EPA values™ as used here refers to the determinations mage
following the Draft Standard Test Method of Appendix A.)

13



While one group of technicians was performing weight-per-
cent-solids determinations, a second group of technicians was
setting up the equipment at base levels of each variable. Base
level ("a") was determined by Graco experience with the test
paint and spray painting system. Selection of base level was
confirmed by checking the spray pattern at base level for a good
pattern. No adjustments were required from Graco-recommended
base levels after checking the spray pattern. Base levels were
thus determined as shown in Table 5.

Deteriorated levels were selected by setting all variables,
exscept the subject variable (for each variable in turn), at
the base level., The subject variable was altered until a
significantly worse spray pattern could be discerned. The spray
pattern was checked by spraying onto a paper target for 5 or 6
seconds then observing the resulting pattern. Deteriorated
factor levels ("-a") thus determined are shown in Table S.

Intermediate factor levels were calculated to be evenly
spaced from the base level ("a") to the deteriorated level
("-a"). Intermediate levels are also shown in Table 5.

Selection of levels for gun cleanliness were made by trial
and error pattern testing of air caps with different holes
plugged. The resulting pattern of plugged holes for deterio-
rating levels of gun cleanliness is shown in Figure 1. Gun
cleanliness must be considered qualitative because of the nature
of the progressively more plugged air cap. Atomization and TE
may be affected as much or more by the geometry and design of
the plugged holes than by the total plugged area.

Booth air rates were determined by the only two available
levels. Neither level should be assumed to be an ideal level.
Base level was selected at the normal air flow level for the
booth, rather than the artificially lowered level. Rates at
each level were measured using a hot wire anemcmeter.

Level selection was completed on February 8, 1984. AAC TE
testing began on February 9, 1984. TE runs were made in a
randomized order based on the experimental design in Table 4.
During a single 16~hour experimental day 15 runs were made.
Three of the runs were thrown out because of incomplete data,
underspray, or losing paint from the targets because of dripping
or accidental contact with wet targets. These three runs were
repeated at the end of the day.

TE testins of AAC equipment was completed on February 10,
1984, after performing the remaining 15 runs. One run (Run 10)
was identified as an outlier by the QA/QC analysis (Refer to
Appendix B); it was repeated immediately. Weight-percent-solids
samples were taken at the completion of testing as required by
the draft Standard Test Method.

14



TABLE 5. LEVELS OF OPERATING AND MAINTENANCE
VARIABLES--TESTED ON AAC SPRAY PAINTING
EQUIPMENT

Quant/ No. of
Factor qual. levels Test levels

A. Restricted automizing
air lines* Quant. 5 a= 239.0 kPa (20 psig)
1= 218,6 kPa (17 psig)
0= 197.9 kPa (14 psig)
-1= 177.2 kPa (11 psig)
-a= 156.6 kPa (8 psig)

B. Booth air rate +
{lirear velocity) Quant. 2 1= 0.61 ny/s (120 ft/min)
-1= 0.36 m/s {70 ft/min)

C. @Qun cleanliness t Qual. 5 See Figure !

D. Restricted paint lines Quant. 5 a= 180.7 kPa (11.5 psig) 2z
1= 170.3 kPa (10.0 psig)
0= 160.0 kPa (8.5 psiqg)

-1= 149.7 kPa (7.0 psiq)
~a= 139.3 kPa (5.5 psiq)

E. Fan air # Qual, 3 1= wide open
0= one turn shut
-1= two turns shut

* Measured at the spray gun.

+ Actual booth air rates varied from 100 to 140 ft/min for level "“+1"
and 50 to 90 ft/min for level "-1." Average air velocities are used in
this table.

t Deteriorating qun cleaniness was simulated by blocking air cap holes
as shown in Figure 1.

2z Measured at control panel approximately 20 feet from spray qun.

§ Fan air (sometimes called horn air or shaping air) was adjusted by
setting the control inob on the gun wide open, then turning it the
required number of turns towards the closed position.

15
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TEST RESULTS

TE's were calculated according to the Draft Test Standard
Method. The final AAC results are presented in Table 6. Some
corrections were made to the original TE test data because of
mathematical errors or incorrectly recorded weights. These
corrections are reflected in Table 6.

STATISTICAL ANALYSIS

Regression equations were developed to fit the TE data for
each target design. The regressions developed for AAC equipment
are based on the data in Table 6, which were developed according
to the experimental design in Table 4. Both qualitative and
quantitative variables were coded into the regression analysis
according to the level rather than their numerical value during
the test. The coding procedure is a simple "centering” and
scaling of variable levels. The variable levels for the quanti-
tative variables were evenly spaced. The following represent
the coded or "design units.”

Quantitative Coded level
variable level for regression equation
a 2
+1 1
0 0
-1 -1
-a -2

By using these coded values for levels, the regressions
become useful for either SI (Le Systeme International d'Unites)
or standard U.S. industrial units. Actual test values at different
levels than those tested here may be coded by interpolating
linearly according to the above table. Thus, a value exactly
halfway between "~1" and "-a" would take on the numerical value
of -1.5 in the regression equation.

Transformation to design units is standard procedure when
one builds models based on a planned experiment involving
quantitative variables. It allows for interpretation of re-
gression equation and tests to be in terms of units that are
scale free and determined by the region of experimentation
selected by the scientist.

Qualitative variable levels were coded in much the same
manner, assigning either zero or one to the level for each
variable. The "0" level of each qualitative variable was
arbitrarily set at zero for all cases in this report. For
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TABLE 6. AIR ATOMIZED CONVENTIONAL TEST RESULTS

P.rrcent Iransfer Efficiency

Run number FE vc Graco
] 64.5 11.9 27.8
2 85.9 15.2 39.9
3 83.8 16.5 41.7
4 7.1 14. 06 36.3
5 73.8 13.7 33.2
6 75.8 13.0 34.6
) 77.8 12.3 38.5
8 57.4 11.0 25.8
9 82.0 15.7 38.2

10 58.2 10.7 25.0
1 60.0 9.6 26.1
12 85.3 16.4 38.4
13 61.0 10.7 29.0
14 68.7 13.6 31.4
15 70.7 13.5 32.3
16 65.0 12.6 29.5
17 78.1 15.1 38.9
18 63.5 11.7 30.1
19 66.7 12.2 30.3
20 64.8 11.5 29.5
21 59.5 11.2 28.7
22 73.5 13.7 33.2
23 80.5 15.7 35.9
24 65.7 11.7 28. i
25 58.3 10.3 25.1
26 59.1 11.2 26.2
27 58.4 9.5 26.2
28 58.2 11.2 27.9
29 60.4 11.3 28.3
30 57.1 10.5 25.7
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gualitative variables tested at three levels, the value of the
variable associated with that particular level is denoted by
dummy variables xn61 and xndz, which take on the values:

Pactor Experimental Regression level
level x d z d
n1 n 2
xn +1 0 1
X 0 0 0
X, -1 1 0

Qualitative effects can only be determined on a relative
basis. Por all of the regressions in this report, the "0"
experimental level has been designated the base level of
comparision for qualitative O&M factors.

For qualitative variables at five levels, the assignment of
regression levels proceeds according to:

Pactor Experimental Regression level
level xnd1 xnd2 xnd3 xnd4
x a 0 0 0 1
X, +1 0 0 1 0
X 0 0 0 0 0
x -1 0 1 0 0
n
x, -a 1 0 0 0

The variables for AAC experiments are designated as
follows:

xi-restricted atomizing air lines
xz-booth air rate (linear velocity)
X3=gun cleanliness

x4'restricted paint lines

x5=fan air (sometimes called horn
air or shaping air)

TE=transfer efficiency

19



Because x, and x. cannot be measured on a continuous quanti-
tative scgle, thgy are termed qualitative variables. The
various levels of such variables used in the experiment are
represented in the analysis of variance and the regression
analysis by "dummy variables.® Thus, for gun cleanliness, x.,,
and for fan air, Xgo dummy variables were introduced. For gan
cleanliness, dummy variables take on the following values:

Level Gun cleanliness Gun condition
x3d1 x3d2 x3d3 1364
a 0 0 0 1 See Figure 1
+1 0 0 1 0 See PFigure 1
0 y 0 0 0 See Figure 1
-1 0 1 0 0 See Pigure 1
-a 1 0 0 0 See Figure 1

Thus, for gun cleanliness at level "+1", all dummy variables
except xad take on the value of zero; x363 takes on the
value of~olle.

In the case of fan alr, dummy variables x

.d1 and x,dz
take on the values shown in the table below. 2

5

Pan air Gun_setting
x.d x4
Level 571 572
+1 0 1 wide open
0 0 0 one turn shut
-1 1 0 two turns shut

The analysis of variance results ‘n a comparison of the
variance associated with each experim=ntal variable to the
inherent error associated with repeat observations. This com-
parison is accomplished by forming the P statistic, the ratio for
each value of F has a probability associated with it given the
number of degrees of freedom in the numerator and in the denomi-
nator. When the probablility of achieving a given value of F by
chance is less than 0.05, the effect is said to be significant
at the 0.05 level. The F statistics and associated probability
for all factors found to be significant are presented in Table 7.
(See Appendix G for a glossary of s%atistical terms.)
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TABLE 7.

Flat
P

140.89
27.84
64.72

163.76
21,27
11.59

32.u5
10. 21
22,42

AAC F-STATISTICS (F) AND ASSTAIATED

PROBABILITY (P)*

Panel
P

. 0001
.033
. 0005
. 0000
.0058
.0192

.C024
.0241
.0520

Vertical Cylinder Graco
F P F P
30.45 .0027 36.32 .0000
4.49 .0376 8.57 .0022
- - 6.36 .0660
8.66 .0321 5.33 .0120
16.88 .0093 53.17 .0000
- - 28.14 .0001
- - 6.01 .0800
- - 7.66 .0034
- - 9.43 .0015

*P and P are dimensionless terms.

definition of those terms.
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In the case of all equipment types, a regression model was
postulated that applied for all target types. The model considered
contained linear and sometimes quadratic effects for the con-
tinuous variables and dummy variables for the quatitative variables.
Certain interactions were put into the model on the basis of the
best engineering experience available. All possible interactions
could noc be estimated due to limitation of time and resources.

In all cases, the exverimental design was constructed to accommo-
date the model terms. Terms that were significant on the basis
of an P-test were retained and the final regression model is
reported for each target type.

In the case of air atomized conventional, the following
model terms were considered:

o0 linear in X,

¢ gquadratic in X,

o linear in X,

o dummy variables in X,

0 linear in x,

© quadratio in X4

o dummy variables in X

© interactions between X, and x,

© interactions between X, and Xg

Regression models were constructed using mainframe SAS*
capabilitlies for exzch of the three target :ypes including all of
those affects found to be significant ag the 0.05 level. The
resulting models and their associated R (proportion of the
overall variance explained by the regression) 2re presented

below:

Plat Panel Target

The regression model developed for AAC FP is:

TE = 68.95 - 3.12x, - 0,98x

3 + 2.87x‘

2

2
- 1.16x4 + 12.48xsd 4.79xsd2 + 0.51x1x2

1

- 0.171231551

*5tatistical Analysis System, SAS Institute, P.O. Box 10066,
Raleigh,NC 27605,

22



The negative coefficient on x. indicates a tendency for TE
to decrease with an increase in reAtricted air levels. However,
there is an important interaction between the two factors as
evidenced by a positive and significant coefficient of X Xye
Wwhile this interaction does suggest that TE continues to
decrease with an increase in restricted air levels, the magni-
tude of that increase depends on the kooth air level. The same
ig true for x.,, booth air. The mixed coefficients on x, and
x, indicate tﬁat TE increases with an increase in paint
line levels for the low paint line levels, but the amount of
increase tapers off as the paint line levels become larger.

The heavy positive coefficient on x.d, suggests that TE
increases when "-1" level is used og éan air. The negative
coefficient on x d2 suggests a decrease in TE at the

"+1% level of faa air.

Since both the magnitude and direction of the effect of fan
air on TE are dramatically different at different levels of fan
air, the operator must be very careful to establish the appropri-
ate fan air level for optimum TE.

The propgttlon of the overa}l variance explained by the
regression (R“) is 0.97. This R” indicates a tight fit
of the regression model to experimental data. The standard
deviation of replicate runs was 1.098, well within the targeted
2.0 standard deviation** (expressed in units of transfer effici-
ency).

The error in the regression model due to lack of fit was
determined to be insignificant at the 0.05 level. The P-
statistic for lack of fit was 1.08 (probability=0.49).

Vertical Cylinder Target

The regression model developed for AAC VC is:

TE= 11.98 - 0.91x1 - 0.2882

+ 0.44x4 + 2.83!56‘

The P-statistics are shown in Table 7.

The negative coefficient on x, indicates that TZ decreases
with an increase in air presaure. The negative coefficient
on x. indicates that 7€ decreases with an increase in booth
air zates. The positive coefficient on x, indicates that TE
increases with increasing paint pressure, The positive coef-
ficient on fan air, only at level -1, indicates there is

#+¥CENTEC Chrporation, "Development of Draft Stanjdard Test Method
for Spray Painting 'fransfer Efficiency,” for USCPA under Con-
tract 68-03~1721, Task 2.
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something different about fan air at this level than at other
test levels. Since fan air is a qualitative factor, 1t can only
be speculated that certain levels of fan air affect TE more than
other levels. Reducing fan air from the "0" level improved
transfer efficiency, but increasing fan air did not signifi-
cantly degrade TE.

The propgrtion of the overa}l variance explained by the
regression (R°) is 0.79. This R® i3 lower than for the FP
target, probably due to the lack of overall variation in TE
level. 1In the FP case, the total standard deviation for all
experimental data was 9.61, while it is only 2.030 in this case.
The FP target TE's were :tore strongly affected by experimental
variations and were thus easier to model. The effect of experi-
mental variatjons on VC TE's is so small that it is almost below
the targeted 2.0 standard deviation for replicates. Small
effects are difficult to tightly fit with renression models.

The standard deviation of VC replicates was 0.706. This
low standard deviation can also be attributed to the overall
insensitivity of the VC targets to experimental variables.

The error in the regression model due to lack of fit is
insignificant: P = 1.53 (probability = 0.33).

Graco Target

TE = 32,22 - 1.61:1 ~V.24x, + 1.42x

2 392
- 2 -
+ 1.23x, ~ 0.64x3 + 5.26x.4, - 4.10xd,

+ 0.67x1xz + 1.731225
The negative coefficiernt on x, indicates that TE decreases
with an increase in air preasure tleatricteﬂ lines}. The
negative cocfficient on x, indicatas a similar decrease in
TE with increasing booth 31: rates. Once again, the positive
coefficient on the {(nteraction between x, and x, indicates
that these trends are not constant but rlther dapend on the
level of the interacting variable. For example, the negative
trend of TE with respect to air pressure {s not as pronounced
when booth air rate is high, according to the regresaion equation.
The positive coefficient on x., [only at level d,) indicates
that TE is affected for one lavel of gun cleanliness. The efrect
of gun cleanliness on TE at other experimental levels is insig-
nificant.

d,

Again, the positive coefficient on z, and negative sign on
the quadratic term suggests & nonlinear eifect of paint pressure.
There is a positive slore on paint preassure until one goes beyond
the x,=1.0 level, roughly. At that point, the effect becomes
negative.
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The strongly positive coefficient on x. at the 4, level
contrasts dramatically with the strorgly neaative coe%ficient at
the 4., level. This indicates that fan air can substantially
lncresse or decrease TE. Again, very careful selection of fan
air levels is warranted by these results.

Finally, two interactions are noted: restricted air lines
and booth air rate interact to affect TE, and booth air rate
interacts with fan air (only at the d2 level) to affect TE.

The prOpQrtion of the overall variance explained by the
regression (R“) is 0.97. The standard deviation of repli-
cates is 1.261, well below the target value. The error due to
lack of f£fit is insignificant: P = 0.92 (P = 0.773).

Tables 8, 9, and 10 present a comparison of predicted
values, based on the derived regression, with observed values
for the flat panel, vertical cylinder, and Sraco targets res-
pectively. The residual is the difference between predicted and
observed values. The 95 percent confidence limits for the mean
give the upper and lower bounds of the range within which the
mean of transfer efficiency (the "true regression®) at
each experimental condition lies with 95 percent confidence.

AAC TEST CONCLUSIONS

The regressions previously presented illustrate the
differences that target configuration can make in TE. Even
with these differences, however, there are basic consistencies
between the resuits. Three factors (restricted atomizing air
lines, restricted paint lines, and fan air) were identified as
significant for all tested targct configurations. A fourth
variable, booth air, was significcnt for FP and Graco targets
and very nearly significant for VC targets as well. The con-
sistency of thase results strongly implies that these four
factors have a critical influenc~r on TE regardless of target
configuration.

Thus, selection and maintenance of appropriate atomizing
air pressure and paint pressure should be given regular atten-
tion by the operator. Fan air rates have & strongest influence
on TE across all target types, as demonstrated by highly
significant FP-value and the large coefficient in each of the
AAC regressions. Pan air levels are often set by individual
operators according to their own judgment. FPor optimum TE,
plant management should determine optimum spray painting
conditions through test runs and then specify those conditions
for the operator.

Some reevaluation of booth air rates may be justified by
the test resuits, which indicate that the lowest level of booth
alr rate should be selected to maximize TE. Care should be
taken to adhere to all safety and environmertal regulations,
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TASLE 8. AAC-FF COMPARISON O¢ PREDICTED VERSUS ACTUAL TRANSFER EFFICIENCIES

9z

Observation Observed Predicted Residual Lower 95% CL Upper 95% CL
number value value - for mean for mean
1 62.50 64.69 -2.19 62.47 66.92
2 85.90 a7.87 -1.97 85.48 90.27
3 83.860 82.13 1.66 79.73 84.52
4 77.90 78.81 -1.7M 76.54 81.07
5 73.80 74.87 -1.07 712.47 77.26
6 75.80 73.57 2.22 71.20 75.94
7 77.80 79.32 -1.52 77.16 81.47
8 57.40 56.47 0.92 $4.51 58.44
9 82,00 80.61 1.38 78.22 83.01
10 58.20 57.43 0.76 55.20 59.65
11 60.00 63.17 -3.17 60.93 65.42
12 85.30 84.55 0.74 82.13 86.98
13 61.00 61.M 0.7 59.35 64.08
14 68.70 67.46 1.23 65.09 69.82
15 70.70 70.44 0.25 68.19 72.68
16 65.00 62,722 2,77 60.75 63.69
17 78.10 77.15 0.94 74.25 80.05
18 63.50 62.62 0.87 59.72 65.52
19 66.70 67.92 -1.22 65.64 70.20
20 64.80 67.92 -3.12 65.64 70.20
21 59.50 59.49 0.00 56.30 62.67
22 73.50 70.98 2.51 68,22 73.73
23 80.50 80.23 0.26 78.33 82.12
24 65.70 63.13 2.56 61.44 64.82
25 58.30 58.98 -0.68 57.42 60. 55
26 59.10 58.98 o.M 57.42 60.55
21 58.40 58.98 -0.58 57.42 60.55
28 58.20 58.98 -0.78 57.42 60.55
29 60.40 58.98 1.41 57.42 6C.55
30 57.10 58.98 -1.88 57.42 60.55



TABLE 9. AAC-VC COMPARISUN OF PREDICTED VERSUS ACTUAL TRANSFER EFFICIENCIES

Lz

Qoservation Observed Predicted Residual Lower 95% CL Upper 95% CL
number value value for mean for mean
1 11.90 12.73 -0.83 11.93 13.53
2 15.20 16.44 -1.24 15.44 17.45
3 16.50 15.56 0.93 14.72 16.40
4 14.60 15.01 -0.41 14.09 15.92
5 13.70 13.74 -0.04 12.74 14.75
6 13.00 13.19 -J.19 12.22 14.16
7 12.30 14.07 -1.77 13.25 14.88
8 11.00 10.35 0.64 9.50 11.23
9 15.70 14.62 1.07 13.85 15.59
10 10.79 10.91 -0.21 10.03 11.79
11 9.60 11.79 -2.19 11.06 12.52
12 16.40 15.89 0.50 14.92 16.86
13 10.70 12.17 -1.47 11.28 13.07
14 13.60 13.05 0.54 12.20 13.91
15 13.50 13.61 -0, 11 12.73 14.49
16 12.60 11.23 1.36 10.70 11.77
17 15.10 14.08 1.0t 13.08 15.07
18 11.70 10.44 1.25 9.50 t1.38
19 12.20 11.70 C.49 11.08 12.33
20 11.50 11.70 -0.20 11.08 12.33
21 11.20 11.38 -0.18 10.38 12,37
22 13.70 13.14 0.55 12.20 13.08
23 15.70 14.54 1.15 13.77 15.32
24 11.70 11.70 -0.00 11.08 12.33
25 10.30 10.76 -0.46 10.05 11.48
26 11.20 10.7€ 0.43 10.05 11.48
27 9.50 10.76 -1.26 10.05 11.48
28 11.20 10.76 0.53 10.05 11.48
29 11.30 10.76 0.53 10.05 11.48

30 10.50 10.76 -0.26 10.05 11.48



8¢

TABLE 10. AAC-GRACO COMPARISON Of PREDICTED VERSUS ACTUAL TRANSFER EFFICIENCIES

Observation Chserved Predicted Residual Lower 95% CL Upper 95% CL
number value value for mean for mean

1 27.40 28.03 -0.63 26.39 29.87

2 39.90 41.58 ~-1.68 40.05 43.11

z 41.70 40.55 1.14 39.04 42.06

4 36.80 35.32 0.97 33.78 36.86

S 33.20 34.57 -1.37 33.05 36.10

6 34.60 34.86 -0.26 33.24 36.47

7 38.50 35.89 2.60 34.60 37.18

8 25.80 25.81 -0.01 24.45 27.17

9 38.20 38.45 -0.25 36.89 40.02
10 25.00 24,90 0.09 23.29 26.52
1t 26.10 25,94 0.15 24,32 27.55
12 35.40 39.20 -0.80 37.57 40.82
13 29.00 29.11 -0.11 27.43 30.79
14 31.40 30.14 1.25 28.5] 31.715
15 32.40 31.91 0.38 30.27 33.55
16 29.50 2%.68 ~0.18 28.30 31.07
17 38.90 38.0t% 0.88 36.13 39.88
18 30.10 28.91 1.18 27.03 30.78
19 30.80 30.58 -0.68 29.56 3z.41
20 29.50 30.98 -1.48 29.56 32.41
21 28.70 28.44 0.25 26.43 39.45
22 33.20 33.35 -0.15 31.63 35.08
23 35.90 38.24 ~0.34 35.06 37.43
24 28.10 28.61 -0.51 27.32 25.91
25 25.10 26.63 -1.53 25.64 27.62
26 26.20 26.63 -0.43 25.64 27.62
27 26.20 26.61 -0.43 25. 54 27.62
28 27.90 26.63 1.2 25.64 27.62
29 28.30 26.63 1.66 25.64 27.62

30 25.70 26.63 -0.93 25.64 27.62



as well as providing for worker comfort when considering lower-
ing booth air rates. The regressions in the previous section
cen be used toc make reasonable estimates of potential savinas.
These savings should be weighed against all costs before a
change is made.

The Graco and FP target configurations also identified
interactions between booth air rate and other variables. These
interactions, while statistically significant, are not con-
sidered large enough to warrant direct practical attention.

It is recommended that the plant management emphasiue selection
and mainternance of optimum levels for more critical variables.

The Graco target configuration identified one level of gun
cleanliness as significantly affecting TE. Since this finding
is not consistent across target iypes and ic relatively small
when it does appear, it is not considered cratical to optimizing
TE. This is not to say that gun cleanliness is unimportant to
the spray painter. Gun cleanliness is one of the few O&M
factors universally stressed by gun manufacturers, spray paint-
ers, and other early participants in the test program. Gun
cleanliness has a profound efiect on paint finish, gun life, and
internal gun condition, which were not tested in this program.
Only the aspect of gun cleanliness testad during this experiment
is considered urimportant for AAC spray egquipment.
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SECTION 5

AIR ATCMIZED ELECTROSTATIC SPRAY EQUIPMENT

EQUIPMENT DESCRIPTION

A Graco Model AS-4000 manual electrostatic air spray gun
was was selected for AAE testing. The Model AS-4000 gun was
considered typical of an external-mix, manual electrostatic
spray gun. The spray gun was equipped with a 177033 air cap,
176976 fluid tip, and a 215864 needle. Paint flow was manually
iritiated by opening a valve on the paint supply line. The
spray gun was fixed in open position.

Graco standard black enzmel was selected as the test paint.
The paint averaged about 28.7 weéght percent solids when cut to
30.4 seconds (#2 Shell cup at 25 C) for AAE testing. Paint wvas
mixed in a 20 L (5 gal) paint pressure pot which was kept in a
temperature-controlled booth. The paint was kept in a constant
temperature booth along with the agitator, viscosity measurement
equipment, and some su~nply lines. All paint supply lines were
insulated.

AAE tests were conducted in the Dynaprecipitator water wash
booth described in Section 4. Booth charzcteristics were iGen-
tical to earlier test runs, with only two air speeds available.

Pcil weights were determined on Precisa laboratory scales
accurate to 0.01 g. Weight~percent-solids samples were weighed
on 0.2001 g accuracy scales.

A forced-alr gas~fired oven was used for curing weigh*-
percent-solids samples and TE samplea. The oven was cleaned
daily to prevent contaminants fsom adhsrlng to the samples.
All samples were cured at 148.9°C (300°F) for 20 minutes.
This is the manufacturer's recommended cure schedule for
this paint.

The mass flow meter described in Section 3 was used for
paint mass flow determinations during AAE testing. The test
method presented in Appendix A was strictly adhered to for AAE
testing, as were the QA/QC requicements of the test.

A summary of all AAE test equipment specificetions is
presented inr Appendix D.
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OPERATING AND MAINTENANCE VARIABLES

As listed in Table 11, 19 variables were identified
through interviews and literature that may have potential
to exert an important effect in achieving optimum TE. Seven
of the identified variables were selected for AAE testing
on the basis of: (1) the number of times the variable was
identified for AAE by different sources, (2) the ability to
simulate the variable within the prescri®ed test methodology,
and (3) the limitation of laboratory time. This prior
knowledge enabled us to limit the scope of TE experiments to
only variables of particular interest.

The selected test variablec were:

o Restricted atomizing air lines

o Booth air rate (linear velocity)

o Gun cleanliness

o Restricted paint lines

o Fan air (sometimes called horn air or shaping air)

o Tip voltage

o Electrode position

Restricted atomizing air lines can be simulated by de-
creasing the pressure of the air supply to the spray gun. An
air regulator was used for reducing the air pressure to desired
levels. Restricted paint lines were simulated by decreasing the
paint supply pressure in a similar manner.

Booth air rate (linear velocity) was available at only two
levels at this facility, 0.36 m/s and 0.61 m/s (70 ft/min and
120 £t/min) respectively. Gun cleanliness was simulated by
blocking certain air holes in the air cap in a progressively
worse pattern as shown in Figure 2. Fan alr was adjusted by
using the adjustment knob on the spray gun, while voltage sup-

plied to the tip was adjusted at the power supply. Electrode
position was set manually as shown in Figure 3.

EXPERIMENTAL DESIGN

An experimental design was deve® ed to accommodate the
limitaticns of testing while addressiny the effects of each
variable as completely as possible.

The first restraint on experimental design as noted
previousiy was the availability of laboratory time: only
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TABLE 11, OPERATING AND MAINTENANCE VARIABLES
FOR AAE SPRAY EQUIPMENT*
Atomizing air
Booth air rate
Booth configuration
Conveyor speed
Cure schedule (time, temperature)
Electrode position
Equipment design
Flash off
Gun cleanlinesas
Gun condition
Gun-to-target distance
Operator error
Paint discharge technique
Paint mass flow rate
Palnt characteristics
Restricted air supply
Restricted paint supply
Shaping air (fan air)

Target confliguration

*as mentioned by industry sources contacted
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Figure 2. Air atomized electrostatic air cap (frontal view) showing
selection of test levels for gun cleanliness
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Figure 3. Air atomized electrostatic electrode
position test levels
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about 30 test runs could reasonably be completed during a
week of testing. The second limitation was the number and
type of simulation levels for each variable.

Table 12 presents the type of variable (quantitative/qual-
itative) and levels to be accommodated in the AAE experimental
decsign.

A variation of a central composite experimental design was
selected as the most thorough way to examine the effects of these
factors with the fewest number of test runs and still allow for a
regression model to be constructed. The experimental design is
characterized by combining a fractional factorial design portion
with a "star" portion, augmented by replicates. A slight variation
central composite experimental design was constructed for factors
A, C, D, E, P, and G. Pive levels vere required for factors A,
C, D, and P but only three levels for factors E and G. Thus the
design levels for the star points could not be the same for all
variables. In addition, as in the AAC, the replicates were not
at the traditional center of the design. For pragmatic reasons
the replicates were taken at the extremes in each variable.

Table 13 presents the AAE experimental design. 1In this
table, the abbreviations "a," "1,* "0," "-1," and "-a" denote the
level of each factor to be tested. Level "a" denotes the base
level with a good spray pattern. Level "a" is likely to be daif-
ferent for each factor in each experiment. It remains constant
for a given factor in a given experiment. Level *-a" denotes
the poorest level of a factor to be tested. The intermediate
levels "1," "0," and "-1" are determined along equal spacing
from "a” to "-a" for the particular factor. FPactor levels for
AAE testing were determined in pretest trials as described in
the fcllowing subsection.

The first 16 test runs in the experimental design are the
fractional factorial portion of the design. When the effects of
several factors are to be studied, a factorial design is usually
the most efficient method to use.* The basic idea of factorial
design is to alter several aspects of a test at a time, but in
such a way that the effects of individual alterations can be
determined. Fractional factorial designs sacrifice some ability
to test for interaction between factors but are able to test for
main effects very efficiently.

¥Youden. W. J. and Steiner, E. H., Statistical Manual of the
Association of Official Analytical Chemists, Arllington, va.,
1982; and Davies, O. L., Design and Analysis of Industrial

Experiments, Great Britain, 1979.
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TABLE 12.

OPERATING AND MAINTENANCE VARIABLES

FOR AAE SPRAY PAINTING EQUIPMENT

Quant/ No. of
Variable qual. levels
A. Restricted atomizing
air lines Quant. 5
B. Booth air rate
(linear velocity) Quant. 2
c. Gun cleanliness Qual. 5
D. Restricted paint lines Quant. 5
E. Pan air (shaping air or
horn alx) Qual. 3
F. Voltage Quant. 5
G. Electrode position Qual. 3
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TABLE 13. AAE EXPERIMENTAL DESIGN

Variable
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Where:

Restricted air lines--test at 5 levels: a,1,0,-1,-a
Booth air rates--tegt at 2 levels: 1,-1

Gun cleanliness--test at 5 levels: a,!,0,-1,-a
Restricted paint lines--tegt at 5 levels: a,1,0,-1,-a
Pan air--test at 3 levels: 1,0,-1

Voltage-~test at 5 levels: a,1,0,-1,-a

Electrode position--teat at 3 levels: 1,0,-1
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annnange
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Runs 17 through 28 in Table 13, are the "star" portion of
the experimental design. This portion of the experiment tests
the effects of variables at the extremes of their range (for the
system under test, at "-a" and "a"). The star design broadens
the range of information gathered in the test. The star portion
of the design allows extra degrees of freedom in order to assess
lack of fit.

The final six runs of the experimental design are repli-
cates. Replicates are provided at the base condition of all
variables to provide a measure of the precision of the test.

AAE TEST PERFORMANCE

AAE testing was conducted from Pebruary 13 to February 17,
1984. Spray equipment was set up on February 13 and initial
spray pattern was checked. Some difficulty was encountered in
establishing a good spray pattern for base levels. The fluid
tip and valve seats were replaced in the spray gun, and the
spray pattern improved. Base levels {"a") for each variable
were established as described in the Test Method (Appendix A).

Deteriorated levels ("-a") were determined by setting all
factors except one at the base level, then decreasing the level
of the selected variable until a noticeably worse spray pattern
resulted. Deteriorated levels of each variable were determined
in turn. 1Intermediate levels were calculated evenly between
"a®" and "-a" for each quantative variable. The final selection
of test levels is presented in Table 14.

Deteriorated gun cleanliness levels were determined by
progressively plugging more holes in the air cap. Final gun
cleanliness levels are shown in Figure 2.

BElectrode position was selected through trial and error
spray pattern checks after alterations in electrode position
were made. Selected electrode positions for AAE TE testing are
illustrated in Pigure 3.

The experimental design in Table 13 was followed. Three
blocks of runs were made; all of the runs in a block were of
the same electrode position. Total randomization could not
be accommodated without introducing an unacceptable error in
trying to duplicate the desired electrode position. Pretest
trials demonstrated the inability to assure consistent levels
ot electrode position in a totally random experiment. (Spray
gun design caused straightening of the electrode whenever air
cap changes were made.)

TE testing began Pebruary 14 after all documentation and

QA/QC measurec were completed. Six tests runs were completed.
On the second day of testing 17 runs were completed, with
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TABLE 14. LEVELS OF OPERATING AND MAINTENANCE VARIABLES
TESTED ON AAE SPRAY PAINTING EQUIPMENT

Variable Test levels

A.

DI

Restricted atamizing air lines* a= 293kPa (20 psiqg)
1= 218.6kPa (17 psig)
0= 197.9%Pa (14 psig)

-1= 177.2kPa (11 psig)
-a= 156.6kPa (8 psig)

Booth air rate +
{linear velocity) 1= 0.61m/s (120 £ft/min)
-1= 0,36ny/s (70 £t/min)

Gun cleaniiness t See Figure 2

Restricted paint lines z a= 180.7xPa (15.5 psig)
1= 170.3kPa (13.5 psig)
0= 160.0kPa (11.5 psig)

-1= 149.7kPa (9.5 psig)
-a= 139.3kPa (7.5 psiqg)

Fan air # 1= wide open
0= 1 turn shut
=12 2 turns shut

Voltage ** a= 72 kV
1= 63 kV
0= 54 kv

-1= 45 kV
-a= 36 kv

Electrode position 1= normal
{See Pigure 3) 0= bent tt
~1= clipped off

*Measured at the spray gun.

4+Actual booth air rates varied from 100 to 140 fpm for level
"41" and 50 to 90 fpm for level "-1". Average air velocities
are used in this table.

tDeteriorating qun cleaniness was simulated by blacking air cap holes
as shown in Figure 2.

Measured at control panel approximately 20 feet from spray gun.
§Fan air (sometimes called horn air or shaping air) was adjusted by
setting the control knob on the gun wide open, then turning it the
required number of turns towards the closed position.

**Monitored at power supply.

ttBent down and to the left.
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the remainder finished on February 16, 1984. All data were
gathered according to the requirements of the Test Procedure
(Appendix A) and QA/QC plan (Appendix B).

All data satisfied the requirements of the outlier analysis;
no TE test runs had to be repeated.

TEST RESULTS

TE's were calculated according to the test plan. FPinal
results are presented in Table 15. Scme corrections were made
to the original TE data when a QA scan identified several
unusual) foil weights. These foils were reweighed and the cor-
rect weights used to recalculate TE values. These corrections
are reflected in Table 15.

STATISTICAL ANALYSIS
Reqressions are described for each target type in the same
manner as described previously for air atomized conventional
equipment. A discussion of how to use the regression equations
18 included in the AAC Statistical Analysis section.
For AAE equipment, the variables are desiynated as follows:
xlﬂrestricted atomizing air lines
xz-booth air rate (linear velocity)
X4=gun cleanliness
x4=restricted paint lines

x.=fan air (shaping air or horn air)

5

x_=voltage

6
x7-e1ectrode position
TE=transfer efficiency

Factors XyrX and x., are qualitative variables and
therefore have duamy varZables associated with them. The
regressions developed for each target type follows.

In the case of air atomized electrostatic spray equipment,
engineering judgment suggested that the following model terms,
including interactions, should be co-sidered.

o Linear and quadratic in X,

o Linear in x,
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Run n

WA W=

TABLE 15.

umber

AAE TEST RESULTS

FP

93.3
90.2
92.4
96.2
92.2
93.1
93.1
94.3
96.5
87.4
98.8
96.2
91.7
96.7
89.6
98.8
102.0
88.4
94.4
93.0
88.4
100.0
96.5
93.0
90.5
96.0
87.0
94.9
96.7
86.8
92.9
94.0
98.6
95.4

TE result

41

ve

33.8
37.1
45.3
61.1
48.5
28.1
67.3
40.9
60.5
34.6
€3.3
29.8
30.5
41.7
49.86
7.4
50.4
42.0
47.4
45.0
44.5
56.5
31.9
29.%
28.6
44.8
36.3
52.7
76.4
77.3
79.6
75. 4
79.8
73.9

Graco

56.2
60.2
60.2
72.2
62.8
49.5
77.7
57.6
76.1
54.4
72.8
57.3
52.6
62.3
61.5
78.7
67.4
60.8
67.9
64.9
65.5
70.5
56.17
56.7
54.9
70.0
54.0
69.1
78.1
78.6
77.7
75.0
77.9
80.8



o0 Dummy variables in Xq

o Linear and quadratic in X,

© Dummy variables in Xg

o Linear and guadratic in X
o Dummy variables in Xq

0 Interaction between x, and Xg

Flat Panel Target

TE = 94.72 - 2.27x1 + 1.56x4

+ 1.22x6 - 3.05x7d1

All factors are significant only in linear form. No gquad-
ratic factors are sianificant for this gun type and target con-
figuration. The negative coefficient on x, indicates a drop in
TE as air pressure increases. The poeitivé coefficient on x
suggests that TE increases with increasing paint pressure.
Likewise, the positive coefficient on x_. indicates that TE
increases with increased voltage. The gegative coefficient on
x,d, suggests a significant drop in TE, but only when the
ezeéttode position is at level "-1." (See Figure 3 to visualize
level "-1" compared to the other electrode positions.)

The proportion of overall variince explained by the regres-
sion (R") is 0.67. This is a low R", It is the result of a
lack of overall variance among test runs for this target con-
figuration. The overall variance of all of the TE determina-
tions for AAE FP was 3.69, only about one and a half TE unit
above the targeted precision of 2.0. When the overall variance
is low, it is difficult to tightly fit a regression model to
account for the small differences from run to run.

The standard deviation of the replicates was 2.070, higher
than for most other cases, but very near the target value
of 2.0.*

The error in the regression due to lack of fit was insig-
nificant with F = 1,42 (0.37 probability).

*CENTEC Corporation, "Development of Draft Standard Test Method
for Spray Painting Transfer Efficiency," for USEPA under Con-
tract No. 68-03-1721, Task 2.
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Vertical Cylinder Target

The derived regression equation for AAE VC is:

TE 41.34 - 1.11x

- 2.66x2 - 2.33x3d3

- 0.99x

1
2 . 2
+ 2.46x4 - 8.20xsc| + 6.71x

6 6

+ 18.25x7&2 + 1.8ﬁx2x5

In this case, several factors are significant, in both
linear and quadratic form. As ian the flat panel case, the
negative coefficient on x, indicates that as air pressure
increases, TE drops. Simllarly, the negative coefficient on
x., indicates that as booth air rate increases TE decreases.
Tﬁis rnegative effect is moderated by the interaction of booth
air with x_, fan air. The positive coefficient of X X
indicates Ehat the rate of change of TE with respect ta booth
air depends on the prevailing level of Zan air. In particular,
this slope becomes positive when the fan air is at the "wide
open® level. Gun cleanliness, x., exerts a significant effect
on TE only at the "+1" level. (giqure 2 illustrates the different
levels of gun cleanliness.) Restricted paint lines are gquadrati-
cally significant with a positive coefficient, indicating that
an increase in paint pressure also increases TE.

This may suggest that there are interactions or special
effects on TE at certain levels of fan air for this system.
The positive linear coefficient on voltage indicates that as
voltage increases, TE increases. The negative quadratic
coefficient on voltage indicates a nonlinear effect for
voltage increases. This negative coefficient moderates the
positive trend for the higher levels of voltage. Electrode
position was found to be significant only at position "+1" (shown
in Figure 3), but not for other electrode positions.

The propgrtion of overall variance explained by the
regression (R”) is 0.92. This is a relatively high R”, and
considered indicative of a good fit of the regression.

The standard deviation of replicate runs was 2.356, just
over the target standard deviation of 2.0 for the procedure.

The error due to lack of fit was statistically insignificant
at the 5 percent significance level (F = 2.66).

Graco Target

The derived regression for AAE testing using Graco targets
is:
TE

66.78 - 0.89x1 - 1.14x2 - 4.35x3d3

2
0.67x4 + 1.12!4 -5.62xsd1 - 4.18xsdz
+ 4.20x6 - 6.88x.,d1 + 6.76x7d2



The directional effects of x,, x,, x, (at "+1" level),
X. (at "=1" level), and x,. are thé saae a3 for the vertical
cylinder AAE case. Three new effects are identified for Graco
targets as compared to VC targets, as follows:

© Restricted paint lines have a small negative linear
effect.

o Fan air is found significant at both the "-1" and "+1°
levels. Both levels produce poorer transfer efficiency
compared to the "0" level.

o Electrode position is found to have a significant
effect at d1 (level "=1") and at d2 (level "+1"),

The prgportion of everall variance explained by the re-
gression (R“) is 0.%94. This is considered a high value,
indicative of the good fit of the regression. The standard de-
viation of replicate Graco test runs was 1.8606, well within the
2.0 limitation set by the test procedure.

Table 16 presents the values of F and the associated
probability (®) for all variables and interactions found to be
significant.

Tablus 17, 18, and 19 present a comparison of predicted
values with observed for the flat panel, vertical cylinder, and
Graco target respectively.

AAE CONCLUSIONS

These regressions illustrate the differences target
configuration cau make in TE. Even with these differences,
hovever, there are fundamental consistencies among the
results. Pour variables (restricted air lines, restricted
paint lines, voltage, and electrode positicn) are significant
for all target types. Three other variables (booth air rate,
gun cleanliness, and fan air) are significant for VC and Graco
target configurations. The consistency of these results across
target types strongly implies that all of the factors tested
for AAE spray equipment have an important impact on TE.

The relative importance of each variable for a certain
target corfiguration should be gi’en individual consideration by
plant management. It is recommended that laboratory test runs
be made with plant paint and workpiece targets to determine
optimum combinations of factor levels that result in acceptable
product finish. The developed regressiona should serve as
guidelines in setting up the experimental design for site-specific
TE testing. If such tests are impractical, the regressions may
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serve as guidelines toward maximizing TE. Care must be taken
when extrapolating the results for one spray system to another.
Previous test experience indicates that paint characteristics,
spray system characteristics, and target geometry can signifi-
cantly alter TE test results; however, the regressions may be
considered directicdnally sound for similar spray systems.
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TABLE 16. AAE P~STATISTICS (F) AND ASSOCIATED PROBABILITY (P)*

Flat Panel Vertical Cvlinder Graco
Effect P P F P F P
x, 22.08 .0053 13.84 .0137 5.71 .0038
x, - - 34.58  .0020 9.73 .0003
x5d, - - 11.28 .020 13.85
x, 13.52 .0143 - - 3.29 .0333
x.d, - - 16.31  .0099 11.93 ,0000
xcd, - - 6.71 .0018
xg 3.34  .0342 159.6  .0000 122.94 .0000
x,4, 13.18  .065 - - 18.77 .0001
x,d, - - 92.1 .0002 28.99 .0000
x2 - - 18.62  .0076 10.61 .0002
x2 - - 12.15  .0175 - -
X X - - 7.68  .039 - -

* F and P are dimensionless. Refer to Appendix G for a definition
of these terms.
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TABLE 17. AAC-FP COMPARISON OF PREDICTED VERSUS ACTUAL TRANSFER EFFICIENCIES

LY

Observation Cbserved Predicted Residual Lower 95% CL Upper 95% CL
number value value for mean for mean
1 93.30 91.15 2,14 89.40 92.90
2 90.20 89.66 0.53 87.76 91.57
3 92.40 96.71 -4,31 94.55 98.86
4 96.20 95.22 0.97 94,20 96.24
5 92,20 92.78 -0.58 91.01 94,54
6 93,10 94.26 -1,16 92.11 96.42
7 93.10 92.11 0.98 90.34 93.87
8 94.30 93.60 0.69 91.44 95.75
9 96.50 94.20 2,29 92.61 95.80
10 87.40 86.61 ¢.78 84.46 88.77
N 98.80 99,76 -0.96 97.99 101,52
12 96.20 92,17 4.02 90.42 93.92
13 91.70 89.73 1.96 87.57 91.88
14 96.70 97.31 -0, 61 95.41 99,22
15 89.60 89.06 0.53 86.90 91.21
16 98.80 96.65 2.14 94.75 98.55
17 102.00 99,25 2.74 97,22 101.28
18 88.40 90.17 -1.77 88.40 921.94
19 94.40 “u.Nn =0.231 93.7M 95.71
20 93.00 94,7 -1.7 93.71 95.71
21 88,40 91.60 -3.20 89.57 93.63
22 100.00 97.82 2,17 96.05 99.59
23 96.50 94.7 1.78 93.71 95.71
24 93.00 94.71 -1.7M 93.71 95.71
25 90.50 92.27 -1.77 90.24 94.30
26 96.00 97.16 -1.16 95.39 98.92
27 87.00 91.66 -4.66 90.15 93.17
28 94.90 9.7 0.18 93.71 95.71
29 96.70 95.73 0.96 94.10 97.35
30 96.80 95.73 1.06 94,10 97.35
3 92.90 95,73 -2,83 94.10 97.35
32 94.00 95,73 -1.73 94.10 97.35
33 98.60 95.73 2,86 94.10 97.35

34 95.40 95.73 -0.33 94.10 97.35



TABLE 18. AAC-VC COMPARISON OF PREDICTED VERSUS ACTUAJ, TRANSFER EFFICIENCIES

i34

Observatica Obsexved Predicted Residual Lower 958 CL  Upper 95% CL
nurber value value for mean for mean

1 33.80 33.49 0.30 27.12 39.86

2 37.10 40.57 -3.47 34.27 46.87

3 45.30 51.46 -6.16 45.20 57.72

4 61.10 65.82 -4.72 60.99 70.65

S 48.50 54.08 -5.58 47.38 60.78

6 28,10 36.32 -8.28 30.24 42,52

7 67.30 €2.94 4.35 56.20 69.67

8 40.90 37.96 2.93 31.56 44.35

9 60.50 56.30 4.19 49.76 62.83
10 34.60 34.16 0.43 28.36 39.96
n 63.80 65.16 -1.86 58. 31 72.00
12 29.80 35.74 -5.94 29.62 41.86
13 30.50 31,27 -0.77 24.60 37.95
14 41.70 42,79 ~1.09 36.24 49,24
15 49,80 49.24 0.55 42,93 55.56
16 70.40 62.04 2,35 62,31 73.77
17 50.40 43.88 6.51 38.37 49.39
18 42.00 39.44 2.55 32,53 46.36
19 47.40 38.68 8.n 33.85 43,50
20 45.00 38.68 6.31 33.85 43.50
21 44.50 51,52 =7.02 44.22 58,82
22 56.50 51.52 4.97 44,22 58,82
23 31.90 26.34 5.55 19.89 32.78
24 29.60 38,17 -8.57 32.80 43.54
25 28.60 24.30 4.29 15.39 33,22
26 44.80 51.13 =0.05 31.73 40.97
27 36.30 36.35 -0.05 31.713 40.97
28 52.70 54.60 -1.90 48.17 61.03
29 76.40 75.86 0.53 .47 80.24
30 77.80 75.86 1.93 71.47 80.24
3 79.60 75.86 3.73 .47 B0. 24
32 75.40 75.86 -0.46 71.47 80.24
33 79.80 75.86 3.93 T71.47 80.24

34 13.90 75.86 -1.96 .42 80.24
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TABLE 19, AAC-GRACO COMPARISON OF PREDICTED VER3US ACTUAL TRANSFER EFPICIFNCIES

Observation Observed Predicted Residual Lower 95% CL Upper 95% CL
aumber value value for mean for mean

1 56.20 53.89 2.30 51.25 56.53

2 60.20 63.49 -3.29 60.43 66.54

3 60.20 62.38 -2.18 59.26 65.51

4 72.20 71.98 0.21 69.97 73.99

5 62.80 65.87 =3.07 62,85 68.90

6 49.50 51.71 -2.21 48.65 54.76

7 77.70 74.16 3.53 71.03 77.29

8 57.60 60.00 -2.40 56.94 63.05

9 73.10 68.99 1.10 65.92 72.06
10 54.40 51.27 3.12 48.22 54.33
1 72.80 74.59 -1.79 71.47 77.72
12 57.30 56.88 0.41 54.10 59.66
13 52.60 80.77 1.82 47.63 53,91
14 62.30 63.92 -1.62 60.86 66.97
15 61.50 61,95 =0.45 58.82 65.08
16 78.70 75.10 3.59 72.13 78.06
17 67.40 65.34 2.05 62.62 68.06
18 60.80 61,79 -0.99 58.65 64.93
19 67.90 65.63 2.26 62.08 69.19
20 64.00 65.63 -1.63 62.08 69.19
21 65.50 69.37 -3.87 65.13 73.62
22 70.50 66.69 3.80 63.13 70.25
23 56.70 55,66 1.03 51.90 59,42
24 56.70 57.10 -0.40 53.33 60.87
25 54.90 55.18 -0.28 52.45 57.90
26 70.00 71.96 -1.96 68,82 75.70
27 54.00 54.40 -0.40 50.65 58.16
28 69.10 68.06 1.03 64.29 71.83
29 78.10 77.96 0.13 75.92 80.00
30 78.60 77.96 0.63 75.92 80.00
K} 77.70 77.96 -0.26 75.92 80.00
32 75.00 77.96 -2.96 75.92 80.00
33 77.90 77,96 -0.06 75.92 80.00

34 80.80 77.96 2.83 75.92 83.00



SECTION 6

AIRLESS CONVENTIONAL SPRAY EQUIPMENT

EQUIPMENT DESCRIPTICN

In airless spray painting, the paint flows from an orifice
at high pressure and breaks up into spray as it enters the at-
mosphere. Typical paint lin, pressures are 6900 to 27600 kPa
(roughly 1000 to 4000 1lbs/in“). Airless spraying avoids the
problem of turbulence caused by compressed air, which sometimes
prevents proper deposition of the paint on the workpiece.
Airless spray guns will atomize paint and permit application
into corners and recessed interior areas without the blow
back experienced with air spraying.

Dirt or other small particles can obstruct the flow of
paint through the small orifice, which provides the atomization
in airless spray; therefore, specizl guns, pumps, hoses, etc.,
are required for airless spray. Use of airless spray eliminates
the need for a hose from the compressor to the spray gun (See
Pigure 4).

Droplet sizes in airless spraying are larger than with
compressed air atomizing and consequently coatings applied by
airless spray are heavier and rougher. Airless painting is used
widely to apply zinc primers and ccher highly pigmented paints
and is especially useful for large objectn.

OPERATING AND MAINTFNANCE PACTORS

Airless conventional spraying is an uncomplicated process
with few parameters involved. The paint is supplied at high
pressure to the gun from which it is expelled through a single
orifice. The orifice is designed to shape the spray. Orifices
are designated by the diameter and half-width of the laydown
at 25.4 cm (10 in) target distance. While plugging nf one or
more holes in a conventional air spray cap is an operating and
maintenance problem, plugging of the single hole inr an airless
cap, while possible, is such an obvious situation that the spray
gun operator always detects and corrects the problem before
proceeding.

Erosion of the orifice with continued use does present a
maintenance problem fcr gun operation. Obstructed paint supply
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COMPRESSOR

Figure 4. Airless paint spraying system
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lines leading to reduced pressure at the gun is also a c: cern.
Pinally, the flow of air in the vicinity of the target is of
interest.

Test variables selected, then, were tip erosion, line plug-
ging, and varying booth air flow (See Table 20). The effect of
these variables or the spray painting operation were respectively
simulated by using orifices of progressively greater diameter,
by reducing tle pressure of the paint at the gun, and by reduc-
ing the booth air flow. Tip erosion was tested at three levels;
unused tip with 0.28 mm (0.011 in) diameter, 0.33 mm (0.013 in)
diameter, and 0,38 mm (0.015 in) diameter orifices. Restricted
paint lines were tested at fi!e levels: 9066.9 kPa (1390 lbs/
in®), 8377.2 xra (1200 lbhs/in“), 7687 6kPa (1160 lbs/in ),
6997.9 xPa (1000 1lbs/in“), and 6308.3 kPa (900 1lbs/in™).

Booth air rate was simulated at two levels.

ALC equipment specifications for the test are included
in Appendix 3.

EXPERIMENTAJ. DESIGN

The experimental design for the airless conventional spray
is shown in Table 21. 1It is discussed ‘n more detail in the
Subtask Report, Appendix G.

TEST PERFORMANCE

Testing wac carried out during the week of Pebruary 20,
1984. The base condition was first selected usjng a 0.28 mm
tip orifice operating at 9066.9xPa (1300 1lbs/in") wit.. aormal
exhaust air flow of 61 m/s (120 ft/min) at the plane of the
target. The gun-to-target distance was selected as 40.6 cm
(16 in). Because the airless spray technology produces a heavy
single-coat laydown, the conveyor was kept at maxinum speed to
produce a good quality coating on the target with no evidence of
sag. The base condition selected gave a high quality finish
with no evidence of "tails;" it repcesented a good simulation of
a production operation.

The test plan was carried out in the randomized o:der as
shown in Table 22.

Airless spray typically requires paint of higher viscosity
than does air stomized spray equipment. So although the same
base paint (Graco black enamel) was used, the viscosity was
increased for this series of tests. This test involved only
three independent variables. 1In addition, a dummy variable was
incorporated in the test plan to give additional information
about the inherent error. With a dummy variabie it was possible
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TABLE 20. LEVELS OF OPERATING AND MAINTENANCE VARIABLES
TESTED ON ALC SPRAY PAINTING EQUIPMENT

Quant/ 1llo. of

Pactor qual. levels Test levels
B. Booth air rate* Quant. 2 = 0.6In/s (120 £t/min)
(linear velocity) -1= 0.36m/s8 (70 £t/min)

C. Tip erosiont Quant. 5t & 0.28 mm (.C11 in.) cap
1= 0.28 mm (.011 in.) cap
0= 0.33 mm (.013 in.) cap

-1= 0,28 mm (.015 in.) cap
-a= 0.38 im (.015 in.) cap
D. Restricted paint lines OQuant. 5 a= 3J66.9 kPa (1300 psig)z

1= 8377.2 kPa (1200 psig)
0= 7687.6 kPa (1100 psiqg)
-1= 6997.9 kFa (1000 psig)
-a= 6308.3 kPa (900 psiq)

DUMMY Qual. 3 n/a

*Actual booth air rates varied fram 100 to 140 ft/min for level "+1" and
50 to 90 ft/min for level "-1." Average air velocities are used in this
table.

4Gun cleanliness wis interpreted as "tip erosion” for this experiment.
Progressively wider tip hole diameters were used to simulate tip wear.

1The original experimental design called for five levels; in practice

we were orly able to simulate three levels.

zMeasured at gun downstream of all paint filters.
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TABLE 21. ALC EXPERIMENTAL DESIGN

Variable
Run Number B C _D Dummy
1 -1 -1 -1 -1
2 1 -1 -1 -1
3 -1 1 -1 -1
4 -1 -1 1 -1
5 -1 -1 -1 1
6 1 1 -1 -1
7 1 -1 1 -1
8 1 -1 -1 1
9 -1 1 1 -1
10 -1 1 -1 1
1 -1 -1 1 1
12 1 1 ] -1
13 1 1 -1 1
14 -1 1 1 ]
15 1 -1 1 1
16 1 1 1 1
17 1 -a 0 0
18 1 a 0 c
19 -1 0 ~a 0
20 -1 0 a 0
21 1 0 0 -1
22 1 0 0 1
23 ] a a 1
24 1 a a 1
25 1 a a 1
26 1 a a 1
27 1 a a 1
28 1 a a 1

B = Booth air rates--test at 2 levels: 1,-1

C = Tip erosion at 3 levels

D = Restricted paint lines--tegt at 5 levels: a,1,0,-1,-a
Dummy = Dummy variable not expected to affect TE
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TABLE 22. ORDRR OF PERFORMANCE OP ALC VEST RUNS

23
21
S
25
29
1
2
16
15
28
22
10
17
7
6
13
9
19
26
12
8
27
14
1
24
18
3
4

{28 runs)
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to reduce some of the planned runs without sacrificing
information. Runs 6, 11, 16, 23, 25, and 28 were dropped
from the design as shown in Table 21,

In the case of airless conventional, the experimental
design allowed for estimation of regression terms of the
following type:

o Linear in x,

o Linear and quadratic in X,

o Linear and quadratic in X4
TEST RESULTS

Tests were run and calculations performed in accordance
with the standard test method. Values of transfer efficiency
obtained during testing are shown in Table 23.

STATISTICAL ANALYSIS

pased on the TE test results, regression models were
developed to fit the data. Information on how to use these
regressions is presented in the AAC Statistical Analysis
section of this report.

Variables are named in the regressions that follow according
to the table below:

x1=booth air flow

x2=tip erosion

x3=testricted paint lines.

TE=transfer efficiency

Only those variables found to be significant have been

included in the final regression. Tip erosion, x,, is a
quelitative factor and therefore has dummy variabies assoclated
with it.

Flat Panel Target

The derived regression equation for ALC testing of flat
panel targets is:

2

2

56



TABLE 23. ALC TEST RESULTS

Percent transfer efficiency

Run number FP vC CGraco
1 76.6 13.0 33.7
2 76.6 13.6 33.1
3 63.1 10.4 28.4
4 79.5 13.7 33.0
S 79.2 15.8 33.6
7 77.6 12.9 33.4
8 75.9 t3.2 33.0
9 68.3 11.2 26.9

10 66.0 10.4 25.9
12 69.4 10.6 27.6
13 64.8 10.8 27.5
14 6( 5 10.5 27.5
15 80.5 14.8 35.0
17 77.5 13.2 34.1
18 65.5 10.8 26.7
19 75.7 12.7 32.2
20 74.8 13.1 34.5
21 76.4 13.3 32.4
22 70.7 12.5 34.4
24 67.7 10.6 27.3
26 68.3 11.0 27.3
27 70.2 10.9 27.9
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The only significant variable affecting TE is tip erosion.
The negative coefficient on xzd implies that tip erosion
at level "1" makes TE go down. “The positive sign on x2d1
means that the level "-1" makes TE increase.

The p:opirtion of overall variance explained hy the
regression (R”) is 0.87. This is considered a high value,
indicative of a good fit of the regression., The standard
d:viation of replicate FP test runs was 1.305, well within the
range of 2.0 specified in the test procedure.* The error due to
lack of fit was insignificant, with P = 2,16 (P = 0.36). (Refer
to Appendix G for a glossary of statistical terms.)

Vertical Cylinder Target

The regression analysis derived for ALC testing of VC
targets is:

2
TE = 12-90 - 1.4082 - 0.78x2

Like the FP case, tip erosion was the only significant
variable found to affect TE for airless conventional spray
equipment. In this case the direction of the effect is simi-
larly contingent on selection of level (i.e. 61 or dz).

The proportion of overall variance explained by the re-
gression model is 0.91. This indicates a qood fit of the
regression.

The standard deviation of replicate VC test runs was
extremely small, at only 0.208. While this standard deviation
is admirable given the test procedure precision of 2.0, it
raises some question as to why the procedure is so repeatable
for this target configuration. The answer lies in the very
small cverall standard deviation (only 1.4 across the entire
data set) created by intentional introduction of 0&M variables.
The insensitivity of this system to intentional attempts to alter
TE demonstrates why the replicate standard deviation is so
small.

The error due to lack of fit was insignificant at the
0.05 level, with FP= 7.76 (P= 0.12).

Graco Target

The regression analysis derived for ALC testing of Graco
targets is:

2

*CENTEC Corporation, "Development of Draft Standard Test Method
for Spray Painting Transfer Efficiency," for USEPA under Contract
68-03-1721, Task 2.
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Tip erosion is found significant only at the 4, ("+1" level)
for this target configuration. This is an overwhel%ingly large
effect, indicating that the effect on TE is very different at
this tip diameter than at other tip diameters for this system.
Restricted paint lines are also signiflcant for this case, but
only marginally so. No interaction between factors is noted for
this system.

Ths proportion of overall variance explained by the reqres-
sion (R”) is high at 0.95. This indicates a well fitting
model. The standard deviation of Graco target replicate test
runs is 0.346. Like the previous ALC cases, this extremely
low standard deviation is the result of the insensitivity of
this system to the intentional introduction of O&sM factors.

The P statistics and associated probabilities are given in
Table 24 for each effect included in the regression.

TABLE 24. AIC P-STATISTICS (FP) AND ASSOCIATED PROBABILITIES (P)*

Flat Panel Verticzal Cylinder Graco
Effect E B —F P F P
X, - - - - - -
x2dl 11.39 07 19.99 .0466 - -
xzd2 89.56 0.00 255.33 .0044 383.63 .0000
X, - - - - 16.59 .0002

Tables 25, 26, and 27 present a comparison of predicted
and observed transfer efficiency values, along with associated
significance limits, for the flat panel, vertical cylinder, and
Graco targets, respectively.

ALC CONCLUSIONS

Three O&M variables were selected for testing on ALC spray
painting equipment: tip erosion, booth air rate, and restricted
paint lines. In every test case, tip erosion is the overwhelming
variable atffecting TE. The only other variable identified as signi-
ficant in any ALC test was restricted paint lines for the Graco
target,

The tremendous response to changes in tip diameter is
indicative of a very strong relationship between selection of
appropriate tip diameter and TE. Tip diameter should be careful-
ly selected. Table 24 shows that the "+1" level displays by far
the most significant effect for all three target types.

*Refer to Appendix G for glossary of sta“istical terms.
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TABLE 25. ALC-FP COMPARISON OF PREDICTED VERSUS ACTUAL TRANSFER EFFPICIENCIES

Observation Observed Predicted Residual Lower 958 CL Upper 95% CL
nunber value value for mean for mean
1 76.60 77.92 -1.32 76.39 79.45
2 76.60 77.92 -1.32 76.39 79.45
3 63.10 66.99 -3.89 65.61 68. 36
4 79.50 77.92 1.57 76.39 79.45
5 79.20 77.92 1.27 76.39 79.45
6 77.60 77.92 -0.32 76.39 79.45
7 75.90 77.92 -2,02 76.39 79.45
8 68.30 66.99 1,31 63.61 68.36
9 66.00 66.99 -0.99 65.61 68.36
10 69.40 66.99 2.41 65.61 68.36
n 64.80 66.99 -2.19 65.61 68.36
12 66.60 66.99 -0.39 65.61 68. 36
13 §0.50 77.92 2.57 76.39 79.45
14 77.50 77.92 -0.42 76.39 79.45
15 65.50 66.99 -1.49 65.61 68.36
16 75.70 74.40 1.30 72.23 76.56
17 74.80 74.40 0.40 72.23 76.56
18 76.40 74.40 2.00 72.23 76.56
19 70.70 74.40 -3.70 72,23 76.56
20 67.70 66.99 0.71 65.61 68. 36
21 68.30 66.99 1.31 65.61 68. 36

22 70.20 66.99 221 65.61 68.36



TABLE 26. ALC-VC COMPARISON OF PREDICTED VERSUS ACTUAL TRANSFER EFFICIENCIES

19

Cbservation Cbserved Predicted Residual Lower 958 C.  Upper 95% CL
number value value for mean for mean
1 13.00 13.52 -0,52 13.20 13.84
2 13.60 13.52 0.07 13.20 13.84
3 10.40 10.72 -0,32 10.42 11.01
4 13.70 13.52 0.17 13.20 13.84
5 13.80 13,52 0.27 13.20 13.84
6 12.90 13.52 ~0.62 13.20 13.84
7 13.20 13.52 ~0.32 13.20 13.64
8 11.20 10.72 0.48 10.42 11.01
9 10.40 10.72 -0.32 10.42 11.01
10 10.60 10.72 ~g.12 10.42 11.0%
1 10.80 10.72 0.08 10.42 11.01
12 10.50 10.72 -0.22 10.42 11.01
13 14.80 13.52 1.27 13.20 13.84
14 13.20 13.52 -0.32 13.20 13.84
15 10.80 10.72 0.08 10.42 11.01
16 12.70 12,90 -0.20 12.44 13.35
17 13.10 12,90 0.20 12.44 13.35
18 13.30 12.90 0.40 12.44 13.35
19 12.50 12.90 -0.40 12.44 13.35
20 10.60 10.72 -0.12 10.42 11.01
2 11.00 10.72 0.28 10.42z 11.01
2 10.90 10.72 0.18 10,42 11.01



TABLE 27. ALC-GRACO CCMPARISON OF PREDICTED VERSUS ACTUAL TRANSFER EFFICIENCIES

29

Observation Observed Predicted Residual Lower 95% CL Upper 95% CL
number value value for mean for mean
1 33.70 33.38 0.31 32.77 33.99
2 33.10 33.38 -0.28 32.77 33.99
3 28.40 26.88 1.51 2€6.20 27.56
4 33.00 33.90 -0.90 33.25 34.55
5 33.60 33.38 0.21 32.77 33.99
6 33.40 33.90 ~0.50 33.25 34.55
7 33.00 33,33 ~0.38 32.77 33.99
3 26.90 27.40 0.50 26.89 27.91
9 25.9C 26.88 -0.98 26.20 27.56
10 27.60 27.40 2.19 26.89 27.91
1 27.50 26.88 0.61 26.20 27.56
12 27.50 27.40 0.09 26.89 27.91
13 35.00 33.90 1.09 33.25 34.55
14 34.10 33.64 0.45 33.08 34.20
15 26.70 27.14 -0.44 26.61 27.67
16 32.20 32.85 -0.65 31.87 33.83
17 34.50 33.89 0.60 2.9 34.87
18 32.40 33.37 ~0.97 32,58 34.16
19 34.40 33.37 1.02 32.58 34.16
20 27.30 27.66 =0.36 27.02 28.30
21 27.30 27.66 -0.36 27.02 28.30

22 27.59 27.66 0.23 27.02 28.30



Pron the data generated during this test program, very
little can be said about the effects of other variables on TE
for ALC spray systems. The response of TE to tip erosion is
so dramatic that it may obscure other potentially important

variables.
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SECTION 7

AIRLESS ELECTROSTATIC SPRAY EQUIPMENT

EQUIPMENT DESCRIPTION

A Graco Mod=l AL-4000 was selected as the ALE spray equip-
ment for TE testing. The AL-4000 is operated like conventional
airless spray equipment except the spray is electricully charg-
ed. The electrical charge is an attractive agent pulling the
paint tow:zrds the nearest ground, the target. Electrical pouwer
is supplied at a controlled voltage on the electrode at the gun
tip. Pluid flows through the gun at high pressure and is
atomized through a carbide tip. The atomized paint picks up an
electrical charge as it is sprayed past the charged electrode.
The spray pattern of ALE equipment is determined primarily by
tip orifice size. Fluid flow cannot be adjusted at the gun
(as it can in conventional and conventional electrostatic
equipment); it is either full on cor full off.

Graco standard black enamel was used as the test paint. It
was cut to 25.5 seconds on a Shell #3 cup at 25°C. A 16 L
(4 gal) batch of paint was mixed and stored in a 20 L (5 gal)
Graco paint pressure pot. This batch was not enough to complete
all ALE testing and was made up on the second and third days of
testing. The paint was kept In a constant temperatare booth
along with the paint pump (Model 207-70%, K3D 30:1), stirrer,
viscosity measurement equipment, and some supply lines. All
paint supply lines were insulated.

ALE tests were conducted in the Dynaprecipitator water wash
booth described in Section 4. Booth characteristics were
identical to earlier test runs, with only two air speeds avail-
ablea,

Foil weights were determined on Precisa laboratory scales
accurate to 0.01 g. Weight-percent-solids samples weire weighed
on 0,000 g accuracy scales.

A forced-air, gas-fired oven was used for curing weight-
percent-solids samples and TE samples. The oven was cleaned
daily to prevent contaminants from adhering to the samples. All
samples were cured at 171.1°C (340°FP) for 20 minutes. This
is a more severe cure than for previous experiments. It was
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instituted to ensure a complete cure for the heavier laydown of
pa.int expected for this equipment type. Trial and error weight-
percent solids determinations were made to document the point of
assured complete curing.

The mass flow meter described in Section 3 was used for
paint mass flow determinations. The test method presented
in Appendix A was strictly adhered to for ALE testing, as were
the QA/QC requirements of the test.

ALE equipment specifications for this test series are
included in Appendix P.

OPERATING AND MAINTENANCE PACTORS

Variables had been previously identified through interviews
and literature search that were considered to have an important
effect in achieving optimum TE for ALE equipment. These 14 var-
iables are presented in Table 28. Pive variables were selected
for ALE testing on the basis of the number of times it was iden-
tified for ALE by different sources: the ability to simulate the
variable within the prescribed test methodology, and finally,
the limitation of laboratory time. The five selected test
variables were:

0 Booth air rate (linear velocity)

o Tip erosion (substituted for gun cleanliness)

0 Restricted paint lines

o Voltage

o Etectrode position

A dummy variable was also included to provide a measure of
the inherent error in the experiment.

EXPERIMENTAL DESIGN

An experimental design was developed to accommodate the
limitations of testing while addressing the effects of each
variable as completely as possible.

As before, the first restraint on experimental design
was the avallability of laboratory time: only about 30 test
rund could be veasonably expected during a week of tescing.
The second limitation was the number and type of simulation

levels for each variable. Only two booth air rates were
possible in the test taboratory, while three levels of fan



TABLE 28. OPERATING AND MAINTENANCE VARIABLES
FOR ALE SPRAY EQUIPMENT*

Booth air rate

Booth configuration

Cure schedule (time, temperature)
Paint discharge technique
Equipment design

Flash off

Gun cleanliness

Gun condition
Gun-to-target distance
Opecrator error

Paint mass flow rate
Paint characteristics
Restricted paint supply

Target configuration

*as mentioned by industry sources contacted
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air were achievable, and rYive or more levels of some other
variable could be simulated. Table 29 presents the type of
variable (quantitative/qualitative) and levels to be accom-
modated in the experimental design.

Table 29 shows the uce of a dummy variable. This variable
represents the effect of a totally unrelated action on TE. If
the data analysis shows any significant effect for the dummy
variable it is indicative of some type of problem with the test
method or test performance.

Table 30 presents the ALE experimental design. In this
figure, the abbreviations “a," "1,” "0," "-1," and "-a" denote
the level of each variable to be tested. Level "a" denotes the
base level with a good spray pattern. Level "-a" denotes the
pooreet level of a factor to be tested. The intermediate levels
*"1," "0," and "-1" are determined along equal spacing from "a"
to "-a®" for the particular variable. Variable levels for ALE
testing were determined in pretest trials as described in the
following subsection.

The first 16 test runs in the experimental design are the
fractional factorial portion of the design. When the results of
several variables are to be studied, a factorial design is
usually the mos:t efficient method to use.* The basic idea oif
factorial design is to alter several aspects cf a test at a
time, but in such a way that the effects of individual alter-
ations can be determined. Practional factorial desians sacri-
fice some ability to test for interaction between variables but
are able to test for main effects very efficiently.

Runs 17 through 26 in Table 30, are the "star" portion of
the experimental design. This portion o7 the experiment tests
the eftects of variables at the extremes of their range (for the
system urder test, at "-a®" and "a"). The star design broadens
the range of information gathered in the test. The star portion
of the design allows extra degrees of freedom in order to assess
lack of fit.

As in the case of previous designs, the deaign used here
entails a central composite design for variables C, D, P, &and G.
However, G contains only 3 levels while C, D, and P contain 5
levels. As a result, the design is not a standard central
composite design.

*Youden, W. J. and Steiner, E. H., Statistical Manual of the
Association of Official Analytical Chemists, Arlington, Va.,
1982; and Davies, O. [.., Design and Analysis of Industrial
Experiments, Great Britain, 1979,
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TABLE 29. EXPERIMENTAL VARIABLES SELECTED POR
TESTING ALS SPRAY EQUIPMENT

Factor Quant./ No. of
ID Factor description qual. test levels
B Booth air rate (linear
velocity) Quant. 2
C Gun cleanliness (tip erosion) Quant. 5
D Restricted paint lines Quant. 5
F Voltage Quant. 5
G Electrode position Qual. 3
Dummy Dummy action or variable Qual. 2
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Run n

VOO NdWN —

F
G

TABLE 30.

umber B

-1
1
-1
-1
1
1
-1
1
-1
1
1
-1
-1

-t el el b ol b b

ALE EXPERIMENTAL DESIGN

OO RPOOOOOOOCOCN D — =

Variable
= _F
-1 -1
-1 -1
1 -1
-1 1
1 -1
-1 )
1 1
-1 1
-1 ]
1 1
-1 -1
1 1
-1 -1
1 -1
1 1
1 -1
0 0
0 0
-a 0
a 0
0 0
0 (4]
0 -a
1) a
0 0
0 0
a a
a a
a a
a a
a a
a a

_G Dummy
-1 -1
=1 -1
-1 1
1 -1
-1 1
1 -1
1 1
-1 1
=1 1
-1 -1
1 1
-1 -1
1 1
1 -1
1 1
1 -1
0 0
0 0
0 0
0 ¢
0 ~1
0 1
0 0
0 0
-1 0
. 0
1 1
1 1
1 1
1 1
1 1
1 1

Booth air rates--test at 2 levels: 1,-

= Tip Eroslon--teat at 5 levels: a,1,C,-
D = Restricted paint lines--test at 5 levels:

8,1,0,-1 Pt |

= Voltage-—-test at 5 levels:

a,,0,-1,-2

= Electrode position--test at 3 levels:
Dumimy = Dummy variable not expected to impact TE

b9

1
1,-a

"0'-1



The last six runs of the test design are replicates.
Replicates are provided at the base condition of all variables
to provide a measure of the precision of the test.

ALE TEST PERFORMANCE

ALE testing began February 27, t984. Equipment set up,
target assembly and hanging, foil cutting and preweighing, and
other preparatory tasks were completed earlier in the week. The
paint was adjusted to desired specifications in a 20 L (5 gal)
paint pot. Once the paint was adjusted, all equipment and lines
were checked for proper installation and freedom from obstruc-
tion. The mass flow meter was calibrated and zeroed. Mass flow
calibration was double checked against unatomized paint capture
and found to be within 0.4 percent of the meter reading, as
required.

Base level ("a") for each variable was determined by
setting the equipment according to Graco experience with the
test paint and spray painting system. Some adjustments were
necessary to provide a qood spray pattern without excessive
laydown. Finzl bace levels were confirmed by a visual spray
pattern check. Base levels thus determined are shown in
Table 31.

Deteriorated levels were selected by setting all factors
except the subject variabtle (for each variable in turn) at
the base level, TLe subject variable was changed until a sig-
nificantly worse spray pattern could be discerned. Tr.: sprav
pattern was chacked by spraying onto a paper target for 5 to 6
seconds, and observing tihe resulting pattern. Deteriorated
variable levels ("-a") thus determined are shown in Table 31.

Intermediate levels were calculated to be evenly spaced
from the base level {"a"™) *“0 the deteriorated level ("-a").
Intermediate levels are also shown in Table 31.

Electrode position was similarly d=fined. Base level was
with the electroude in normal position. Deteriorated level
("-a") was selected with the electrode clipped off. An inter-
mediate level was decided as a bent electrode. All electrode
position levels are shown in Figucre 5. (Tip orientation was
vertical for actual testing.)

Although gun cleanliness had been selected ac an ALC
experimental variable, a partiaily blocked tip could not be
simulated. Any blockage affixed to the tip was blown out by
the pressure of the paint during spraying.
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TABLE 31. LEVELS OF OPERATING AND MAINTENANCE VARIABLES

TESTED ON ALE SPRAY PAINTING EQUIPMENT

Quant/ No. of
Pacter i qual. levels Test levels

c.

D.

F.

Booth air rate* Quant. 2 1= 0.61m/s (120 f£t/min)
-1= 0,36m/s (70 £t/min)

Tip erosiont Quant. 5+ 011 in.) cap
011 in.) cap
013 in.) cap
015 in.) cap

015 in.) cap

]
(R A

e & ®» o @

Restricted paint lines Quant. S a= 9066.9 kPa (1300 psig)z
1= 8032.4 kPa (1150 pr.iqg)
0= 6997.9 kPa (1000 prig)

-1= 5963.4 kPa (850 peig)
= 4929,0 kpa {700 wsig)

Voltaged Quant. 5 a= 72 kv
1= 63 kv
0= 54 kv

-1= 45 kv
~-a= 36 kv

Electrode position Qual. 3 1= normal
0= bent ++
~1= clipped off tt

*Actual booth air rates varied from 100 to 140 fpm for level "+1" and
50 to 90 fpm for level "-1." Average air velocities are used in this
table.

tGun cleaniness was interpreted as "worn tip" for this experiment.
Progressively wider .p hole diameters were used to simulate tip
ma.

+The original experimental design called for 5 test levels; in
Jractice we were only able to simulate 3 levels.

ZMeasured at gun downstream of all paint filters.

#Monitored at power supply.

++Bent as shown in Figure 5,
ttElectrode cut off at plane of cap.
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FRONT SIDE

(

Ievel +a and +1: Normal electrode position

PTONT SIDE

Level 0: Bent electrode

FRONT SIDE

®

Level =3 and -1: Electrode cut off

Figure 5. Airless electrostatic air cap showing
test levels for electrode position
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To salvage the variabl'e, it was decided to look at another
identified variable instead. The only cther tip factor identified
for ALE equipment was tip erosion. Abrasive paints can erode
the tip orifice after prolonged use. To simulate tip erosion,
tips at a variety of diameters were obtained and checked for
spray pattern. Only three tips gave acceptable spray patterns,
at 0.28 mm, 0.33 mm, and 0.38 mm diameters. With larger tips,
the pairt laydown was too heavy to avoid running; smaller tips
were not avialable.

As in previous experiments, the booth air rate could only
be controlled to two levels. Voltage and restricted paint lines
were each simulated at five levels, as shown in Table 31.

Variaole level selection was completed on Pebruary 27, 1984.
ALE test runs were started on February 28, 1984. Weight-percent-
solids samples were taken. The results were in close agreement,
and testing began in randomized order according to the test plan.

Nine test runs were completed the first day of ALE testing.
One run was thrown out due to a timer malfunction; one run was
deleted because the booth water wash was not on; and one run was
eliminated because grounding wires had not been attached to the
foils (even though the flat panel was grounded).

Paint had to te added and adjusted for the second day of
testing. All preparatory steps were taken, but on the first run
the mass flow meter totalizer stuck. Mass flow measurements
were lost, and the run was repeated immediately after repair of
the malfunctioning switch. After eight runs were completed, the
laboratory experienced a z-1/2-hour power failure. When power
was restored, all start-of-test QA/QC measures were repeated
before resuming testing. Pinal weight-percent-solids determina-
tions were made after 15 runs were completed. The morning and
evening weight-percent-solids determinations agreed nicely, but
the power failure sample was several weight-percent higher.

The power failure sample had not been stirred during the power
failure, and probably was not adequately stirred prior to sampl-
ing. This weight percent solids was omitted from TE calculations
as a suspect sample.

Paint was added and viscosity adjusted for the final day of
ALE testing. All prescribed preparatory steps were taken ac-
cording to the test plan (Appendix A) and QA/QC plan (Appendix B).
The rest of the experiment was completed without incident on
March 1, 1984,

TEST RESULTS
Tests were run and calculations performed in accordance

with the standard test method. Values of transfer efficiency
obtained during testing are shown ir Table 32.
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TABLE 32. ALE TEST RESULTS

Percaent transfer efficiency

Run number EP Ve Graco
* 91.5 47.5 83.6
< 87.8 43.2 64.6
3 93.9 42.2 61.0
4 89.8 68.8 77.6
5 83.3 44.1 58.0
6 93.3 65.1 77.2
7 96.1 76.2 74.5
8 90.2 60.2 70.8
9 90.9 69.4 76.3

10 93.7 48.2 64.3
11 94.8 60.0 70.0
12 87.6 68.0 71.9
13 90.8 68.1 71.9
14 84.7 48.0 63.7
15 90. 6 71.9 74.2
16 88.5 66.4 72.1
17 91.8 53.3 63.7
18 89.6 56.7 67.7
19 88.6 66.2 75. 1
20 91.9 57.0 68.3
21 80.5 55.3 68.3
22 84.3 51.0 65.8
23 89.2 44. 59. 4
24 93.2 74.9 76.2
25 88.3 47.3 62.5
26 88.8 65.9 72.3
27 91.7 78.6 78.2
28 92.5 77.8 79.1
29 89.1 73.3  74.2, 76.2
30 90.4 75.9 79.3
3 92.6 80.8 78.7
32 93.4 76.6 76.8
33 ———- ———— 78.2*

*An extra replicate using only the Graco targets was made for
Graco's own purposes. The data is included here for com-
pleteness.
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STATISTICAL AWALYSIS

The terminology shown below is used in the regressions
that follow:

x1=booth air rate (linear velocity)
x2=tip erosion
x3=restricted paint lines
x‘=voltage
x5=e1ectrode poesition
TE=transfer efficiency
In the case of the airless electrostatic, the follow!ng
linear, quadratic, and interaction effects were chosen for
the regression model.
o Linar in x

1

o Linear and quadratic in Xy
o Linear and quadratic in xq
o Linear and guadratic in X4
o Dummy variables in X

0 Interaction between X, and

~
w

0  Interaction between x. and

4
o0 Interaction between Xy and X3

o Interaction between Xy and x,

A discussion of how to use the regression equations is

presented in the AAC Statistical Analysis section of this
repo-t. The derived regression for each target type follows.

Flat Panel Target

TE = 90.3Q - 1.12x2 + 1.3Ix4 - 0.65x1x3

Only linear effects are significant for ALE testing of flat
panel targets. Tip erosion, x,, has a negative effect on TE.
The positive coefficien’ ra x,, voitage, indicates that as
voltage increases TE increaseg. Booth air rate, x,, and
restricted paint lines, Xq» produce a significant Interaction.
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The prgportion of overall variance explained by the re-
gression (R®) is 0.28. This is the poorest case of all equip-
ment types and target configuraticns tested. The raw data was
reviewed to lgcate any test errors contributing to this un-
uiually low R, but no erperimental source was found. The low
R° may be attributed to the low overall variation in this test
series. The variation of TE over all of the experimental com-
binations was only 3.0. This value is barely above the standard
deviation of the test procedure (2.C). The lack of variance
demonstrates the insensitivity of the system to OsM factors. The
standard deviation of replicated test runs was 2.287, high and
rot quite within the specified range of the test procedure. The
error due to lack of fit is insignificant, with P = 0.38.

Vertical Cylinder Target

TE = 57.31 - 3.77x1 + 2.85x, - 1.55x

2
+ 7.02x4 - 4.66x5d1 + 8.62x5d

3

2

- 1.80x1x2 + 1.56x2x3

More than twice as many variables are significant for VC
testing than were identified for FP testing. The negative
coefficient on x, indicates that TE decreases with increasing
booth air rates. The positive coefficient or tip erosion indi-
cates that as tip diameter decreases, TE increases. But neither
the booth air rate nor the tip erosion trends are constant
because of the interaction between the two. The cocfficient of
the interaction is negative. Thus the negative effect of booth
air is enhanced at the high level of tip erosion but is moderated
at the low level of tip erosion. TE is adversely affocted by
increasing restrictions in the paint lines (x,). However this
negative trend is not constant, duc to the inéeraction with tip
erosion. Increasing voltage .ends to increase TE. dramatically.
The magnitude and direction of the effects of different levels of
electrode position chang2s with the selecticn of electrode
position. Figure 5 shows the various test levels for electrode
position.

Two interactions are significant for this case, tip erosion
with booth air and tip erosion with restricted paint lines.
Each effect acts in a different direction. Nevertneless, it is
clear that tip erosion is the overwhelming factor for this
case.

The proportion of overall variance explaincl by the regres-
sion (R”) is 0.95, a respectable walue. The standard deviation
due to repeats is 2,55, slightly over the 2.0 value specified
in the test procedure. The error due to lack of fit is insigni-
ficant, with F= 2.16 (P= 0.20).
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Graco Target

TE = 69.05 - 2.83x1 - 2.69x3 + 3.21x4

2
- 0.84x4 + 4.71x5d2 + 0.80x1x2

+ 1.63x + 1.32x.x

2%3 3%4

The Graco target configuration identified the most signifi-
cant OgM variables for ALE testing. Like the other cases, in
creasing booth air rates (x,) causes a drop in TE. Restricted
paint lines (x,) also cause a drop in TE. while increasing
voltage (x,) rgises TE linearly and causes it to slightly drop
quadraticafly. Electrode position is significant at tne d
("+1") level only. At this level TE is increasing with chgnges
in electrode position. Apart from the linear effects, inter-
actions between x., and x,, x, and x., and x, and X, complicate
the system. The 1inear renas descéibed abave are distinct but
the rates of change of TE with respect to Xq0 Xgv and x
ar2 not constant. As an example, the booth air“rate effect is
negative but is moderatvd at the high level of Xqr restricted
paint lines.

Ths proportion of overall variance explained by the regres-
sion (R”) is a modest 0.83. The standard deviation of rep-
licate test runs on Graco targets was 1.274, well within the
2.0 specified by the test procedure. The error due to lack
of fit was insignificant, with F= 3.04 (P= 0,14). Table 33
gives the value of the P-statistic and associated probability
for each effect of significance,

Tables 34, 35, and 36 precents comparisons of predicted
and observed values of transfer efficiency for each experimental
condition for the flat pcnel, vertical cyiinder, and Graco
targets respectively.

ALE CONCLUSICNS

ALE test results showid the most difference in discrumi-
nation among target c:..cigurations. Only two variables were
identified as significant for the flat panel target (tip
erosion and voltage), and these were only marginally signifi-
cant. The Graco and vertical nylinder targets identified
four and five significant variables, respectively, not includirg
several interactions between va-iables.

Voltage, booth air rate, restricted paint lines, and
electrode position were significant factors for Graco and VC
targets types. These results are consistent with findings from
AAE and ALC experiments: where electrostatic forces are involv-
ed, voltage, booth air rate, and electrode position are impor-
tant to establishing optimum TE. The higher the voltage and the
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TABLE

Effect

A
a Q
-—b

] ] » ]
-;‘ v w L) w N
[ ] w w N N

L
o N W N

33.

ALE F-STATISTICS (F) AND ASSOCIATED
PROBABILITIES (P)

Flat Panel Vertical Cylinder
E 3 F P
- - 54.31 .0007
6.64 .05 22,94 .0049
- - 9.53 .0272
4.85 .07 191. .0000
- - 10.09 .0246
- - 30.86 .0026
- - 8.61 .0325
6.42 .05 - -

- - 7.00 . 0457
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Graco
117.16 .0000
111.94 .0000
166.26 .0000
72.09 .0000

7.67 .0006
30.94 .0000
32,82 .0000
10.30 .0CH91



TABLE 34. ALE-FP COMPARISON OF PREDICTED VERSUS ACTUAL TRANSFER EFPICIENCIES

6L

Observation CGbserved Pradicted Resgjdual Lover 95% CL Upper 95% CL
nurber value value for mean for mean
1 91.50 89.39 2.10 87.08 91.70
2 87.80 88.45 -0.65 86.20 80.70
3 93,90 90.69 3.20 86.78 92.49
4 89.80 2,13 -2.33 90.08 94.16
) 83.30 87.16 -3.86 84.94 89.37
6 93.30 91.19 2.10 88.98 93.40
7 96. 10 93.42 2.67 91.12 95.73
8 90.20 93.42 -3.22 91.12 95.73
9 90.90 89.89 1.00 38.52 91.27
10 93.70 92.13 1.56 90.08 94.18
1 91.80 90.69 4.10 88.73 92.59
12 87.80 $1.19 -3.59 88.98 93.40
13 90.80 87.16 3.63 84.94 89.137
14 84.70 89.39 -4.69 87.08 91.70
18 90.60 89.89 0.70 88.52 91,27
16 £3.50 88.45 0.04 86.20 90.70
17 9i.80 91.41 0.38 89.73 93.09
18 89.60 89.17 0.42 87.63 90.72
19 68.60 89.00 -0.40 86.98 91.01
20 91.90 91.59 0.30 89.27 93.90
21 90.50 90.29 0.20 89.25 91.33
22 84.80 90.29 -5.99 89.75 91.33
23 89.20 87.55 1.64 85.2. 89.86
24 93,20 93.03 0.16 9t.0: 95.04
25 88.30 90.29 -1.99 89.25 91.33
26 88.80 90.29 -1.49 89.25 91.33
27 91.70 90.62 1.07 88.72 92,51
28 92.50 90.62 1.87 88.72 92.51
29 87.10 90.62 -3.52 88.72 92,51
30 90.40 90.62 -0.22 88.72 92,51
3 92,60 30.62 1.97 88.72 92,51

32 93.40 90.62 2.77 88.72 92.51



‘fABLE 35. ALE-VC COMPARISON OF PREDICTED VERSUS ACTUAL TRANSFZR EFFICIENCIES

08

Observation Observed Predicted Regidual Lower 95% CL Upper 95% CL
number value value for mean for mean
1 47.%0 47.86 -0.36 43.52 52.20
2 43.20 42.90 0.29 38.90 46.91
3 42.20 44.63 0.56 37.40 45.87
4 68.80 75.18 -6.38 71.01 79.34
5 44.10 4z.93 1.16 39.15 46.72
G 65.10 70.22 -5.12 66.15 74.30
7 76.20 68.95 7.24 64.65 73.26
8 61.20 57.95 2.24 53.82 62.09
9 69.40 68.07 1.32 63.83 72.30
10 48.20 51.713 -3.53 47.58 55.88
1" 60.00 57.20 2.79 53.05 61.36
12 68.00 68.10 -0.10 64.07 72.12
13 68.10 67.32 0.77 63.20 71.43
14 48.00 <0.98 -2.98 46.86 55.09
15 71.90 70.25 1.64 68. 14 72.37
16 66.40 67.34 -0.94 63.18 71.51
17 53.30 52.49 0.80 49.09 55.88
18 56.70 54.60 2.09 51.29 57.90
19 66.720 64.17 2.92 6J.58 67.76
20 57.00 57.98 .98 54.25 61.71
21 55.3GC 53.54 1.75 50.85 56.25
22 51.00 53.54 -2.54 50.85 56.23
23 44.10 47.04 -2.94 43.45 50.63
24 74.90 7%.11 =0.21 .28 76.84
25 47.30 48.88 -1.58 46.38 51.38
26 65.90 62.16 3.1 59.84 64.49
27 78.60 77.28 1.3} 74.80 79.77
28 77.80 77.28 0.51 74.80 79.77
29 73.36 77.28 ~3.98 74.80 19.77
30 75.90 77.28 -1.38 74.80 79.77
K} 80.80 77.28 3.51 74.80 19.77

32 76.60 77.28 -0:68 74.80 79.77



TABLE 36. ALE-GRACO COMPARISON OF PRuDICTED VERSUS ACTUAL TRANSRER EFFICIENCIES

18

Observation Observed Predicted Residual Lower 95% CL Upper 95% CL
number value value for mean for mean
1 83.60 74.27 9.32 70.36 78.18
2 64.60 65.34 -0.74 61.42 69.25
3 61.090 652.99 -1.99 59.39 66.59
4 77.60 82.74 -5.14 78.48 87.01
S 58.00 60.59 =2.59 56.65 64.53
6 77.20 72.81 3.38 69.63 77.99
7 74.50 76.75 -2.25 72.77 £0.73
8 70.80 70.77 0.02 66.84 74.70
9 7€.30 73.17 3.12 69.83 76.51
10 64.30 64.77 -0.47 61.08 68.47
11 70.00 .M -1.M 67.78 75.63
12 71.90 73.7M -1.81 70.08 77.33
13 71.90 74.11 =2.21 69.85 78.37
14 63.70 60.43 3.26 56.32 64.53
15 74.20 74,35 -0.15 1.81 76.89
16 72.10 69.36 2.73 65.14 73.58
17 63.70 65.41 -1.7 62.81 68.01
18 63.70 67.01 0.68 64.37 69.66
19 75.10 71.25 =2.15 73.78 80.72
20 68.30 66.51 1.78 62.65 70.36
21 68.30 66. 21 2.08 64.08 68.35
22 65.80 66.21 -0.41 64.08 68.35
23 59.40 62.09 -2.69 57.16 67.02
24 76.20 74.91 1.28 70.44 79.38
25 62.50 66.21 -3.7 64.08 68.35
26 72.30 70.92 1.37 68.35 73.48
27 78.20 77.93 0.26 75.35 80.50
28 79.10 77.93 1.16 75.35 80.50
29 76.20 77.93 -1.73 75.35 80.50
30 79.30 77.93 1.36 75.35 80.50
3 78.70 77.93 0.76 7£.35 80.50

32 76.80 77.93 -1.13 75.35 80.50



lower the boctn air rate, the better TE is likey to be. Thus,
ALE spray painting equipment should be maintained to supply the
maximum allowable voltage to the tip. Periodic checks of power
supply are recommended to assure tip voltage remains at the
desired level. Bcoth air rate should be kept to the lowest
level acceptable for safety, environment, and worker comfort.

The effect of the position of the electrode in the atomized
paint field is less clear, appearing significant in some cases
and insignificant in other similar cases. It seems prudent,
however, to maintain the electrode position well into the atom-
ized paint field. Trimming the electrode is not recommended.

Restricted paint lines have a significant effect on TE for
Graco and VC target types. This is a shared phenomenon with
other equipment types. Precsure of the paint supply to the
spray gun should be monitored to avoid degeneration through
clogging or nther restrictions. If the paint pressure is not
monitored, tne operator may notice a loss of spray quality, but
he is likely to take an inappropriate action to remedy the
problem. This situation is espe:laliy true for air-atomized
spray systens where the operator may adjust the fan air or the
atomizing air to counteract the effects of lower paint pressure.
It is equally applicable for ALE spray systems.
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SECTION 8

COMPARISON OF TARGETS

BACKGROUND

The Draft Standard Test Methcd (Appendix A) specifien two
sets of targets for spray painting in each test run. These
targets are described in detail in Appendix A. The test targets
consisted of a set of foil-covered aluminum vertical cylinders
(VC) mounted in certain positions inside a wooden frare, and a
get of foil strips mounted a: certain spacing on a large flat
stainless steel panel (FP). Both targets were suspended from an
overhead conveyoc¢ for the test. The VC targets were designed to
be somewhat representative of smaller, more open and intricate
subatzaces. The FP targets were designed to be representative
of large, re'latively flat and closed substrates. The test
results from a single transfer efficiency determination irclude
a4 VC result and a FP result. These results have quite different
values.

During the test program at Graco, a third set of targets
(called Graco targets) were painted at the same conditions as
the Draft Standard Test Method targets. These targets consisted
of a set of ten 15.24 cm (6 in) wide metal panels mounted
15.24 ¢m (6 in) apart, and hanging 127.92 cm (48 in) long. The
TE results from the center six cargets were averaged to obtain a
single TE value. The TE valiue obtained for this iarget type was
different from the values obtained for VC or FP targets.

This chapter evaluates the transfer efficier>y character-
istics of all three target types for four equipment types to
determine if any of the designs has special advantages over
other targets for future testing.

COMPARISON OF FACTORS 1DENTIFIED AS SIGNIFICANT

Table 37 presents a summary of the variables identified as
significant for each target type and each equipment type. The
Graco target confiquration was the most sensitive, identifying
23 gignificant O&M variables (cr interactions) over 2all equip-
ment types. VC targats came in a close second by identifying
19 significant variables, followed by FP targets at only 13
significant variables,
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TABLE 37.

COMPARISON OF SIGNIFICANT FACTORS IDENTIFIED

BY THREE TARGET CONFIGURATIONS

Target con-
Eauipment figuration
type VC Graco FP
ALE Booth air Booth air *
Tip Eros. Tip eros. (marg)
Paint lines Paint lines *
Voltage * Voltage * Voltage (marg)
Elect. 1os. Clect. pos. *
Booth air x tip Booth air x tip
Tip x paint lines Tip x paint lines
Paint linas x velt.
R squared 0.95 0.83 0.28
ALC Tip eros. * Tip eros. * Tip eros. *
Paint lines
R squarad 0.91 0.95 0.87
AAE Air lines Air lines Air lines *
Booth air Booth air
Gun cleanliness Gun cleanliness
Paint lines Paint lines Paint lines
Fan air Fan air
Voltage * Voltage * Voltage
Electrode pus. Electrode pos. Electrode pos.
Booth air x fan air
R squared 0.92 0.94 0.67
AAC Air lines * Air lines * Air lines *
(Booth air-close) Booth air Booth air
Gun cleanliness
Paint lines Paint lines Paint lines *
Fan air Fan air * Fan air *
—- -2ir lines x booth air———-
——— booth air x fan =--—
R squared 0.79 0.96 0.99

* Strong response, overriding factor influencing TE i
{marg) Marginally significant response
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Tha variables identified by the Graco targets match up
fairly consistently with those identified by VC's; FP targets
presented some anomolies.

Graco targets had the highest correlation coefficients,
averaging 0.92, followed closely by VC a% 0.89 and FP at 0.70.

WORTH ASSESSMENT OF THREE TARGET CONFIGURATIONS

A Worth Assessment Model* was constructed to evaluate the
relative merits of each target type. Six criteria were selected
for this evaluation:

1. High correlation coefficient (ability to fit
mathematical models)

2. Target discrimination (ability to identify
significant effects)

3. Ease of fabricating the target

4. Ease of transporting/storing the target

5. Ease of use during testing

6. Target cost

Each of the targets was ranked from 0 {(low) to 1 {(high) for
these criteria. The rank was multiplied by weighting factors
and summed to generate a score. Several different weighting
factor combinations were used in calculations to compare the
effects cn the final sccre.

In every case, the Graco target configuration scored high-
est. The Graco target scored consistently higher in almost all
categories than VC or FP targets. The Graco targets were easier
to handle, provided the best sensitivity to significant factors,
and demonstrated a very good correlation coefficient.

The worth assessment scores for evenly weighted criteria
were:

Graco 0.79
vC 0.50
FP 0.50

This case is the closest competition between target types
Detailed computer printouts of this analysis, is shown in Table
38.

#*CENTEC Corporation, "Worth Assessment Model," computer
software, Copyright 1979.
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TABLE 38. WORTH ASSESSMENT MODEL COMPARING TARGET CONFIGURATIONS

(1) VC target

Factor name Ranking Selection description weight value
1 Correlation coefficient 1.0 Very high R squared 0.170 0.17000
2 Target TE discrimination 0.8 Identifies many factors 0.170 0.12750
3 Ease of fabrication 0.3 Difficult to make 0.170 0.04250
4 Ease of transport/storage 0.5 Moderately difficult to TiS 0.170 0.08500
5 Ease of use during test 0.0 Difficult to use and handle 0.170 0.07500
6 Cost of target 0.5 Moderate cost 0.150 0.07500

Score 0.50000

{2) Graco target

Factor name Ranking Selection description Weight Value
1 Correlation coefficiert 0.8 High R squared 0.170 0.12750
2 Target TE discrimination 1.0 Identifies most factors 0.170 0.17000
3 Ease of fabrication 0.8 Fairly easy to fabricate 0.170 0.12750
4 Ease of transport/storage 0.8 Fairly easy to trans. & store 0.170 0.12750
5 Ease of use during test 0.8 Fairly easy to use and handle 0.170 0.12750
6 Cost of target 0.8 Relatively inexpensive 0.150 0.11250

Score 0.79250

(3) FP target

Factor name Ranking Selection description Weight Value
1 Correlation coefricient 0.8 High R squared 0.170 0.12750
2 Target TE discrimination 0.3 Identifies a few factors 0.170 0.04250
3 Ease of fabrication 1.0 Easy to fabricate 0.170 0.17000
4 Ease of transport/storage 0.3 Difficult to trans. & store 0.170 0.04250
5 Ease of use during test 0.3 Very inconvenient to use 0.170 0.04250
6 Cost of target 0.5 Moderate cost 0.150 0.07500

Score 0.50000
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APPENDIX A

DRAFT STANDARD METHOD FOR SPRAY PAINTING

TRANSFER EFFICIENCY OPERATIONS AND MAINTENANCE TESTING*

SCOPE

1.1

1.4

This method covers testing to determine the effects of
certain operating and maintenance factors on transfer
efficiency. Four types of spray equipment, air
atomized conventional (AAC), airless conventional
(ALC), air atomized electrostatic (AAE), and airless
electrostatic (ALE) are to be tested.

The factors selected for testing and the levels of each
factor to be tested are summarized in the experimental
design matrix for each type of spray equipment (Subtask
Re, ort, Tables 5, 6, 7, and 8).

This test program is estimated to take 4-5 weeks of
laboratory work.

This method is applicable only to solvent or water-
borne coatings applied in a single pass. The same
coating shall be used for all tests in this program.

APPLICABLE DOCUMENTS

2.1

ASTM Standards:

e D-1200-70 Viscosity of Paints, Varnishes, and
Lacquers by Ford Viscosity Cup

e D-2369-81 Standard Test Method for Volatile Content
of Coatings

® D-1005-51 Measurement of Dry Film Thickness of
Organic Ccatings

*Many conventional industrial units are used throughout the

test procedure to accommodate participating laboratories and to
minimize conversion errors on site. Metric conversions are
made as required as shown in the conversion list at the front
of the report.
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2.2

@ ASTM D1212-79 Measurement of Wet Film Tnickness of
Organic Coatings

® ASTM D2353-68 Flow Rating of Organic Coatings Using
the Shell Flow Comparator

® ASTM D1475-60 Density of Paint, Varnish, Lacquer,
and Related Products

ANSI/1EEE Metric Practice

SUMMARY OF METHOD

3.1

A battery of specially designed targets are covered
with preweighed, labeled foil, then spray painted in a
single pass under rigidly controlled conditions as
specified in the test rmatrix. The foils are removed
from the targets, cured, and weighed. The net weight
gain 1s divided by the weight of paint sprayed at the
targets to yield a single transfer efficiency
determination.

The battery of targets is composed of 2 sets of 4
targets each. The first set of targets consists of 4
foils mounted in prescribed positions on a large steel
plate. The mean weight gain for these 4 foils is used
to calculate the transfer efficiency. This target con-
figuration is intended to be representative of large,
relatively flat industrial workpieces. The second set
of targets consists of 4 foils mounted on widely spaced
vertical cylinders. The mean weight gain for these 4
foils is used to calculate the transfer efficiency.
This target configuration is designed to be repre-
sentative of smaller, more intri-cate and open
industrial workpieces.

A transfer efficiency determination shall be made for
each set of conditions shown in each test matrix, ex-
cept that runs will be performed in randomized order
within each matrix.

base conditions ("a“) shall be established through a
set of pre-test runs to determine levels of each
factor at good spray conditions. Deteriorating levels
(*1,0,-1,-a") of each facto:r will be determined from
the base levels. The base level and deteriorating
levels of each factor shall be determined prior to
beginning each test matrix.
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TEST

TARGETS

Test targets consisting of a set of 1-1/4-inch diameter
aluminum cylinders and a large stainless steel flat
panl, configured as shown in Figure A-1 or Figure A-2,
shall be used for this test.

APPARATUS

Spray painting booth, preferably back-drawn with
100-fpm linear air velocity at the plane of the tar-
gets or, if not available, any booth meeting regula-
tions for the type of spray system being tested may be
used. The same spray booth shall be used for all tests
of a series- The spray booth must be large enough to
accommodate che prescribed targets. The spray booth
must be equipped with a conveyor system capable of
carrying the test panels past the spray equipment at
the desired speed, and capable of at least 2 linear air
rates.

Four complete systems (AAE, ALE, AAC, and ALC) for
spray painting application, including spray gun,
paint supply pot, power supply (if electrostatic),
air supply lines, paint supply lines, power cables
(if electrostatic), regulators, and pressure gages
shall be used in this test.

Scales of suitable size and accuracy shall be used for
paint mass flow rate determinations. Laboratory scales
of suitable size and accuracy shall he used for
weighing test foils. Accuracy of 0,01 percent is
recommended as a minimum accuracy for scales.

Foil, mounted to cover vertical cylinder and flat test
panels as shown in Figure A-1l and Figure A-2 shall be

used. Six-inch wide 1.5-mil medium temper alloy foil

shall be used for covering the test panels. The shiny
side of the foil shall always face out.

A standard 10-minute stopwatch with 0.l-second accuracy
shall be used.

Tape measure, graduated in 1/16 of an inch, 10 feet
long, such as a rigid carpenters' rule, may be used.

Aluminum foil dish, 58 mm in diameter by 18 mm high
with a smooth bottom surface shall be used.

Syringe, 5 ml, capable of dispensing the coating under

test at sufficient rate that the specimen can be
dissolved in solvent shall be used.
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Forced draft curing oven, sufficient to hold a com-
plete set of test foils and aluminum dishes, shall
be used.

Wet film measurement gage.

Thermometer, with suitable range for spray and cure
conditiuns, accurate to 0,2°F shall be used.

Anemometer, with suitable range for booth linear
velocity, accurate to 3 percent of reading shall be
used.

Test Notebook, a bound test notebook containing the
test procedure, data sheets, reference methods, and
QA/QC Plar shall be provided to the laboratory by
CENTECC.

PROCEDURE ANL CALCULATIONS

6.1

Perform calibration of the platform scale once per week
or each time that it is moved and leveled, whichever
occurs more frequently. Perform calibration of the
laboratory scale once every test series. Calibrate all
pressure gages per standard operating procedure prior
tc test.

Select test equigsment for first test series. Using
Data Sheet 1, document the tect equipmenc specifica-
tions. Be sure to check all information and sign the
form. Each data sheet chall be douvble checked by a
second party, elther engineer or technician, and signed
off.
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Data Sheet 1

Test Equipment Specifications

Test Date: Test No.: Data by/Checked by:

A. Weight Percent Solids Measurement Equipment
1. Laboratory Scales
a. Manufacturer

b. Model No.

c. Serial No.

d. Capacaity, g

e. Rated accuracy, g

2. Fo1l Dishes
a. Type

b. Size

3. Syringe
a. Type

b, Capacity, mL

4., Solvent Type

B. Conveyor Speed Measurement Equipment
l, Rule
a. Type

b. Graduations

2. Electronic Timer
a. Type

b. Manufacturer

c. Model No.

d. Serial No.

e. Rated accuracy, s

C. Mass Flow Measurement Equipment
l, Platform Scales
a. Manufacturer

b. Modeli No.

c. Serial No.

d. Capacity, kg

e. Rated accuracy, g

2. Stopwatch
a. Manufacturer

b. Model No.

c. Serial No.

d. Rated accuracy, s

D. Target Foil
1. Type

2. Nominal Thickness, mils

3. Temper

E. Wet Film Measurement ‘quipment
a. Manufacturer

b. Model No.
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Select coating. The same coating shall be used for all
tests 1n this projram. Using Data Sheet 2. document

the paint characteristics. Paint characteristics shall
be documented daily, at each addition of paint, and at
other times as requested by the CENTEC engineer or GRACO
representative., Again, check your information and sign
the form.

Dita Sheet 2

Paint Specifications

Test Date: Test No.: Data by/Checked by:

l, Paint Type

2. Pesin Type

3. Manufacturer

4, Manufacturer's Paint ID No.

5. Lot No.

6. Color

7. Recommended Cure Schedule min, @ “F

8. Viscosity (uncut) sec.# Ford Cup @ °F

9. Reducirg Solvent

10. Vol. of Solvent Put into - {vol) solvent in
Vol. Paint (vol) paint

11, Viscosity - Spray (cut)®* sec.# Ford Cup € °F

12, Wt./Gallon - Spray lbs/qal

13. Wt. Solids - Spray 2

14, Resistivity or Conductance M() .

*"Use ASTM D-2353-68, ASTM D-1200-70, or ASTM D-3794 part 6.
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Set up paint supply egi‘pment and platform scale.
Using Data Sheet 3, document the paint supply equip-
ment specifications, Be sure to check your informa-
tion and sign the form.
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Test Date:

Data Sheet 3

Paint Spray and Peripheral Equipment

Specifications

Test NoO.:

A. Paint Supply Tank

1'
2.
3.
4.
5.

Type

Manufacturer

Model No.

Serial No.

Rated Capacity, gal

Paint Spray Equipment

1.

2.
-

4.
5.
6.
7.
8.

Type

Manufacturer

Model No.

Serial No.

Rated Capacity, cc/min
Air Cap

Fluid Tip

Needle

Paint Spray Booth

1.
2.
3.
4.
5.

Type

Manufacturer

Model No.

Serial No.

Rated Capacity, cfm

Conveyor

Type
Manufacturer
Model No.
Serial No.

Forced Draft Qven

1.
2.
3.
4.

Type
Manufacturer
Model No.

Serial No.

Paint Heaters

1.
2.
3.
4'

Type
Manufacturer
Model No.
Serial No.
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For electrostatic spray equipment only, ground paint
supply equipment and platform scale per Figure A-3,
NOTE: In accordance with Section 9-8 of NFPA 33 for
fixed eclectrostatic apparatus, measure resistance of
equipment to ground (conveyor frame) to insure resist-
ance 1s less than 1 x 106 Ohm.

Using a small glass jar with an airtight 1lid, taie
paint grab sample from paint pot. ASTM D-3925-€1 pro-
vides a good standard practice guide for paint sampling.
Record test series number on label of jar.

Measure weight solids from paint sample. Use syringe
weight difference technique as described in A;TM
D-2369-81., Document the cure oven bake schadule and
temperature on Data Sheet 4. Be sure you use the cure
schedule recommended by the manufacturer on Data Sheet
2. Record raw data and results on Data Sheet 5.

Paint weight percent solids should be determined before
each test series, at the start of each test day,
periodically between tests, and at the end of each test
day. The participating laboratory shall store all weight
percent solids samples until notified by CENTEC that the
data analysis is complete.
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Data Sheet 4

Equipment Operating Conditions
Test Date: Test No.: Data by/Chkd by:

A. Paint Spray Egquipment
1, Paint Pressure at Paint Pot, psig
2. Paint Pressure at Spray Gun, psig
3. Atomizing/Turbine Air Pressure at
Spray Gun, psig
4. Operating Voltage, kV
5. Disk or Bell Speed, rpm
a. With Paint Applied
b. Without Paint Applied
6. Shaping Air for Bell, psig
7. Paint Temperature at Paint Pot, °F
8. Gun to target distance, cm
9. Pump Setting

B. Paint Spray Booth
l. Ambient Temperature, °F
2. Relative Humidity, %
3., Aiar Flow Velocity, fpm
4., Air Flow Direction

C. Target Parameters
l. Average Wet Fi1lm Thickness, mils
2. Average Dry Film Thickness
3. Vertical Paint Coverage, cm (in)
4. Target Height, cm (in)
5. % Vertical Coverage
6. Resistance to Ground, Ohm

D. Forced Draft Oven®*
l. Cure Time, minutes
a. Foil Dish (sample)
b. Target Foil

2. Cure Temperature, °F
a. Foil Dish (sample)
b. Target Foil

E. Paint Heaters
l. Temperature In, °F
2. Temperature Out, °F

F. Conveyor Speed Setpoint, fpm (cm/sec)
*Same cure schedule as foils.
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Data Sheet 5

Weight Solids Test Data & Results

Test Date: Test No.: Data by/Chkd by:
Sample Sample
B Average

A

l. Syringe Weight

a. Full, g

b. Empty, g

¢c. Net Wet Paint, g
2. Dish Weight

a. After Drying, g

b. Empty. g

c. Net Dry Solids, g

3. % Weight Solids (2c/lc) A3
NOTES:

1. Actual Cure Schedule min, @ _ °F
Refer to ASTM 2369-81, Procedure B of "Standard Test Methcd for

Volatile Content of Coatings.”
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6.10

Set up the paint spray equipment. Using Data Sheet 3,
document specifications for the paint spray equipment
and spray booth used in this test. Check your infor-
mation and sign the data sheet.

NOTE: Eguipment selection, equipment
condition, paint selection, target con-
figuration, and operating conditions have
a substantial effect on transfer efficiency.
Care should be taken to use the same booth
and spray equipment, paint, targets, and
operating conditions as specified for the
run in the test matrix {Data Sheet 4, Sec-
tions A, B, C, and 6a, Sections 14, lc,

3, and 4) from test to test for comparable
results.

Set up the conveyor speed measuring equipment. This
equipment may consist of photoelectric cells or limit
switches used in conjunction with an automatic digital
timer. Alternatively, the conveyor speed may be mea-
sured using timing marks {(chalk marks) on the conveyor
in conjunction with a hand held stopwatch. Figure A-4
shows the permissible methods for conveyor speed mea-
surement. Using Data Sheet 6a, record the horizontal
distance between the photo cell or limit switch on/off
positions,

Determine base level of each test factor which will
produce a reasonably good spray pattern and finish,
1f base level has already been determined for test
series, proce-d to 6.13, The CENTEC engineer in
agreement with the laboratory representative shall
determine "reasonably good spray pattern and finish.”
Base level shall be determined only once for each
test series, Base level is denoted by "a" in the
test matrix.

Determine deteriorating levels of each test factor to
be examined in this test series., Selection shall bhe
made vy reducing the level of each factor to a point
whece an obvious impact on spray pattern and finish
is noted. Again, the CENTEC engineer in agreement
with the laboratory representative shall determine
the level where spray pattern and finish is obviously
poor. This level is the poorest value of each
factor. It is denoted by "-a" in the test matrix.
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6.12

6.18

Levels "1," “0," and "-1" shall be selected at even
absolute spacing from the value of each variable "a“
to "-a."

The value of "a*, *1", "0", "-1", and "-a" shall remain
fixed for each variable through a test series.

Set up targets in accordance with Figure A-1 or A-2, as
appropriate. Taryet configuration, material, and
spacing is critical. Scavengers are metallic, as is
the FP target, Cut 6-inch-wide aluminum foil strips to
required length for each target. Label each foil strip
with the appropriate nomenclature. (Nomenclature is
shown on Table A-1.) Weigh each foil strip and record
value on foil and on Data Sheet 6b. Check your infor-
mation and sign the data sheet,

Attach foils to the vertical cylinder and/or flat panel
targets as shown on Figure A-5 or A-6, as appropriate.
Perform resistance check to verify adequacy of ground-
ing. Per NFPA 33 Section 9-8, resistance shall be less
than 1 x 106 ohms.

In accordance with Figure A-1 or A-2, attach shim stock
to scavenger in order to measure wet film thickness.

Adjust all equipment operating parameters, i.e., gun to
target distance, paint pot pressure, turbine air pres-
sure, etc., to base values., Set f.ctor levels to values
required for this test run in the matrix. Record equip-
ment operating parameters on Data Sheet 4, Check your
data and sign the data shcet. NOTE: 1In accordance with
section 9-7 of NFPA 33 for rized electrostatic apparatus,
the gun to target distance shall be at least twice the
gsparking distance.

NOTE: Equipment selection, equipment
condition, paint selection, target con-
figuration, and operating conditions have

a substantial effect on transfer efficiency.
Care should be taken to use the same booth
and spray equipment, paint, targets, and
operating conditions (Data Sheet 4, Sec-
tions A, B, C, and 6a, Sections 1ld, lc, 3,
and 4) from test to test for comparable
results.

Check spray equipment and parameters to assure they
are correct for this run.
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TABLE A-1. NOMENCLATURE FOR SPRAY PAINTING
TRANSFER EFFICIENCY TESTS

Each test foil will be labeled in 5 segments as follows:

l. Spray Equipment Type

Air atomized conventional : AAC
Airless conventional : ALC
Air atomized electrostatic : AAE
Airless electrostatic H ALE

2, Target Configuration
Flat Panel : FP
Vertical Cylinder: VC

3, Target Position: 1, 2, 3, or 4.

4., Test Seriecs ldentifier (letter or number)

Example: AAC~FP2-12
where AAC = air atomized conventional spray equipment
FP2 = the second flat panel target

12 = test run identifier
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Data Sheet 6a

TE Test Data and Results

Test Date: Test No.: Data by/Checked bv:

A. Weight Percent Solids (from Data Sheet 5) A3

B. Total Solids Sprayed

l. Paint Spray Flow Rate

a. Beginning Weight, g

b. End Weight, g

c. Time Between Weighings, s

d. Flow Rate, g/s Bld

2, Conveyor Speed

a. Distance Between Marks, cm

b. Time Between Marks, S

c. Speed, cm/s B2¢

3. Total Effective Target
width, cm* 15.24 B3

4., Total Solids Sprayed at Each
Target, ¢
(A3 x Bld x B3/B2c) B4

5. Micromotion-metered paint
mass flow rate, g/s Bld~

* Total effective target width is six inches per foil on flat
panel target {(on 6" centers), and six inches per cylinder
on vertical cylinder target (alsc on 6" centers). Six
inches = 15.24 cm,
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6.19 For electrostatic spray equipment, measure the gun tip
operating voltage (with lines full of paint, but gun
not operating). Adjust to desired voltage and record
on Data Sheet 4,

6.20 Check conveyor clock, stopwatch, micromotion meter and
platform scale to ensure that all have been zeroed
(reset) and that the scales are in the tare mode.?*

6.21 Turn on conveyor. As the leadinyg eige of the first
scavenger passes in front of the gun, turn on paint
spray equipment and initiate flow; simultaneously,
start stopwatch and record scale reading.

6.22 As the trailing edge of the last scavenger passes in
front of the gun area, stop stopwatch and paint spray
flow simultaneously. Turn off conveyor. Record
platform scale, conveyor clock, micromotion meter
flow rate, and stopwatch readings on Data Sheet 6a.
Check the data and sign the data sheet,

6.23 Measure wet film thickness on shim plate and record on
Data Sheet 4, line C-1,

6.24 Remove foils from targets, making sure no tape has
stuck to the targets and no paint is lost. Securely
attach coated foils to oven racks so all painted
surfaces are exposed for uniform drying. Spring
clips or tacks may be used Lo.mount wet targets on
racks. Insert racks in oven and bake at recommended
schedule per Data Sheet 2. Flash time (the time be-
tween spraying and getting the targets into the oven)
should be kept to a minimum., Set oven timer per
recommended schedule.,

6.25 Remove foils from oven and record actual bake schedule
on Data Sheet 4. Weigh foils and record weight on each
foil and on Data Sheet 6b. After weighing, store foils
in appropriately labeled »liastic bags, i.e., bags that
have test run number identified. The laboratory shall
retain all samples until data analyses are complete.
Check all data for correctness and completeness. Both
the engineer and technician must check and sign all
data sheets before proceeding.

Replicates ot each test run shall be made immediately
after the or:ginal run, if required.

*Du.ing 10 tests, ch=2ck micromotion meter vs manual deter-
minations. If within precision requirements (see QA/QC Plan),
use only micromotion meter thereafter.
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Data Sheet 6b

TE Test Data and Results

Test Date: Test No,: Data by/Checked by:

C. Total Solids on Target
Flat Panel Target

Foil Weight After Drying, g:
Foil ¢ 1 2 3 4 Total

+ + + =

Foil Weight Before Spraying, g:

+ + + =

Net Dry Solids, g:
D. Vertical Cylinder Target
Foil Weight After Dxying, g:
Poil & 1 2 3 4 Total

Foil Weight Before Spraying, g:

Net Dry Solids, g:

E. Transfer Efficiency (by weight)!

Flat Panel Target

Vertical Cylinder Target

{Net Dry Solids, g) x 100%
("Total Solids Sprayed at Each Target, g" fram Data Sheet 6a) x (4 targets)

1. TE =
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6.26

6.28

6.29

6.30

6.31

Perform TE calculations as indicated on Data Sheet 5,
6a, and 6L using the weight solids determined for
the test series. Document results on Data Sheet 6b,
noting that each transfer efficiency observation 1is
the mean of the transfer efficiency for 4 foils.

Repeat above steps (6.2 through 6.26) for each test
run.

Be sure all data sheets have been properly completed,
checked, and signed.

Record transfer efficiency in appropriate column on
Data Sheet 7. When roughly 70 percent of the runs
in a series are complete, the CENTEC engineer shall
transmit the TE results to Dr. Ray Myers at 703-
961-5638. Dr. Myers shall perform an outlier
analysis and respond to the engineer within 24
hours. Outlier runs will be repeated as resources
allow,

To proceed with the next run in a series, go to
6.10. To begin a new test series, go to 6.1.

CENTEC shall retain all original data sheets and the
test notebook.
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Where:

moOwy

Run Number _A _B
1 -1 -1
2 -1 -1
3 -1 -1
4 -1 1
S 1 -1
6 1 1
7 1 1
8 l 1
9 1 -1

10 l -1
11 l -1
12 -1 1
13 -1 1
14 -1 1
15 -1 -1
16 1 1
17 -a -1
18 a -1
19 0 1
20 0 1
21 0 -1
22 0 -1
23 0 1
24 0 1
25 a 1
26 a 1
27 a )|
28 a 1
29 a 1
30 a l

Data Sheet 7

Air Atomized Conventional

Test

FACTOR
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-1
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Restricted air lines~-test at 5 levels: a,l1,0,-1,-a
Booth air rates—--test at 2 levels:
Gun cleanliness--test at 5 levels:
Restricted paint lines--test at 5 levels: a,l,0,-1,-a
Fan air--test at 3 levels:
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OWVWR~IANBWN -

[l o
N b=

13

Where:

B
C
D

Data Sheet 7

Airless Convent ional Test

B

-1
1
-1
-1
-1
1
1
1
-1
-1

]
[

1
Pt bt pd et

Pt Pt Pt et Pt b b B pd b et et Pt

-1

) 1
DO PO OOCON N e s =

FACTOR
2 Dummy
-1 -1
~a -1
-1 -1

)| -1
-1 1
-1 -1

1l -1
-1 1

1 -1
-1 1

1 1

1 -1
-1 1

1l 1

1 1

1 1

0 0

0 0
-a 0

a 0

] -1

0 1

a 1

a 1

a l

a 1

a l

a 1

Booth air rates--test at 2 levels:
Gun cleanliness--test at 5 levels:
Restricted paint lines--test at 5 levels: a,l,0,-1,-a

TE Result
EP

EEHEEEEEE LT s

1'-1
a '1 ,o '-1 '-a

Dummy = Dummy variable not expected to affect TE
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Run Number _A

[
OWOIRAWVMEWN -

s
N

13

Where

AR NORw RN, B

DO DO POOOOODOOOOOY

Data Sheet 7

Air Atomized Electrostatic Test

|
Gt st Pt Pt Db Pt ek Poud Pt

lo

OO NOOOOCOOOON D O LM It bbbt bt =t b ot b s e

-2
-1

-1
1
1
1
1

-1

-1

-1

-1
1
1
1
1

-1

]
[

DO EEIDHNOOOOOONDNOOOO

FACTOR
E _F
-1 -]
-1 -1
1 1
1 1
1 -1
1 -1
-1 1
-1 1
1 -1
l =1
-1 l
-1 1
-1 -1
-1 -1
l 1
l 1
0 0
0 0
0 0
0 0
0 0
0 0
-1 0
1 0
0 -a
0 a
0 4]
0 0
1 a
1 a
1 a
l a
1 a
1 a

TE Result

& R ¥C

1

] 19 [] ] ]
[ T Ll o

bt pt it pt ot Pt et e O OO D O0OO0O0O0OO

Restricted air lines--test at 5 levels: a,l,0,-1,-a
Booth air rates--test at 2 levels: 1,-
Gun cleanliness--test at 5 levels: a,l
Restricted paint lines--test at 5 levels: a,l,0,-1,-a
Fan air--test at 3 levels: 1,0,-1
Voltage--test at 5 levels: a,l,0,-1,-a
Electrode position--test at 3 levels:
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CENTEC Corporation
Reston, Virginia 22090
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SECTION 1

INTRODUCTION

This quality assurance/quality control (0A/0C) plan assures
collection of high quality data and insures consistent quality
control measures for data developed under "Sensitivity Studies
on the Effects on Transfer Efficiency of Improperly Maintained
or Operated Spray Painting Equipment,” Contract No. 68-03-1721.
Under this contract, CENTEC Corporation will be conducting tests
using a draft standardized method to determine the effect of

operating and maintenance parameters on transfer efficiency (TE).
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SECTION 2

PROJECT DESCRIPTION

Sensitivity studies on the effects of TE of improperly maintained
or operated spray painting equipment will be conducted in this
test program. A draft standardized TE method will be used for
all tests in this program. The draft standard TE test method
consists of passing a prescribed set of preweighed targets in
front of spray equipment under rigidly controlled conditions in
an industrial laboratory spray booth. The cured painted targets
are weighed, and the original weight subtracted from the final
weight to obtain the net dry solids deposited on the targets.
The net dry solids is divided by the total solids sprayed at the
targets, which is then multiplied by 100 percent to determine TE.
A complete description of the draft standard TE test method is

contained in Appendix A of the Subtask Report for this contract.

Four types of spray equipment will be tested during this program:
air atomized conventional (AAC), airless conventional (ALC), air
atomized electrostatic (AAE), and airless electrostatic (ALE).
Each type of equipment has an individual experimental design.
Five operation and maintenance (UsM) factors have been selected
for testing on conventional spray equipment. These factors
include booth air rates, atomizing air pressure, fan air, paint
pressure, and cleanliness of the spray gun. Qualitative factors

(booth air rate and fan air) will be tested at a minimum of Lwo

17
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levels each, while guantitative factors (atomizing air, cleanli-
ness, and paint pressure) will be tested at five levels. Levels
will be selected for testing based on an original set-up with a
good spray pattern. For electrcstatic guns these factors will
be tested as described, except two more factors, tip voltage and
electrode position, will also be tested. Tip voltage will be
tested at five levels, while electrode position will be tested

at three. Six replicates are provicded for each equipment type.

The four expsrimental designs are planned to provide enough data
to support deveiopment of a response surface and regression
eguations to describe the response surface. A complete descrip-
tion of the experimental design is included in the Subtask

Report for this contract.

Negot iat ions are underway with en industrial Jaboratory to
arrange the test program. Testing is scheduled to begin in

February 1€34, and will last approximately one month.
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SECTION 3

PROJECT ORGANIZATION AND RESPONSIBILITY

This project is administered through CENTEC Corporation structure,
as shown in Pigure B-1. Day-to-day test program activities will
be managed on-site by a CENTEC Senior Project Engineer in direct

contact with CENTEC QA management personnel.

At the test site, the CENTEC engineer is responsible for imple-~
menting QA throughout the teet program. The engineer conducts
onsite evaluations to verify the degree of implementation,
assures that appropriate QA records are kept, provides QA
direction to the laboratory staff, and reports regularly to the

Project Manager on the status of QA.

The Proiect Manager, Ed Comfort, is the Quality Assurance
Officer. Re continuously monitors the implementation of QA and
provides feedback to the CENTEC engineer onsite and to CENTEC
management. QA records kep. by the engineer (onsite) and by the
nuality Assurance Officer (offsite) serve as resources for
preparing reports and documenting adherence to QA procedures

and specifications.

11y
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SECTION 4
QA OBJECTIVES FOR MEASUREMENT DATA IN
TERMS OF PRECISION, ACCURACY, COMPLETEMNESS,
REPRESENTATIVENESS AND COMPARABILITY
For each major measurement parameter specific QA objectives for

precision, accuracy, and completeness are required. These

objectives are detai.ed in Table B-1.

Care must be taken to assure that all measurements are rapre-
sentative of the media and conditions beinj measured. Proven

techniques or methods are therefore usel for all measurements.

Data quality objectives are based on accuracy and precision of
each measurement parameter, as established in Table B-1. Data
integrity will be validated throuaia a series of inspections and

tests described later in this plan.
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Table B-1.,

Spray Painting Transfer Efficiency Precision,

Accuracy and Completeness Objective

Msasurement Paraweter Reference
{Method) Mathod

o Woght

o Grounding IEER Std 32-1972
ANSI/IEEE Std 142-1972
MSI T2

e \bltage 1EEE Std 4-1978

@ Unics AS™ B 8076/

IBEE Std 268-1976
o Distance-length

o Tume (Stopwatch,
timer)

{See ASTM 1200-70)

® Nat Film Thickness ASTM D-1212-79

@ xy Fila Thickness ASIN D-1005~51(1079)

ASTM D 1200-70(1976)
AST™ D 2353-64(1978)

e Viscosity (Furd cup)

¢ Resistivity

o Fresswuxe

o Texmperatuxe

@ Linear Air Welocity
(rotating vawe or
heated wire anencmster)

ACGIH Recommendad
Practice, Section 9*

e Denaity ASTM D 1475-60(1980)

® WA Solids

e Paint Sampling
e Condition in Containgr ASTM D 3011-1

AST™M D 2369-01
AS™M D 3925

timental Conditions

Laboxatory conditions

Labocatory conditions

Laboxatory conditions

Laboratory canditions

Laboatory conditions
labocatory conditions

laboratory sonditions

Labhoratory conditions

Test conditions

In sccordance with WFPA 13

Mrecislon

{Std, Deviation)

lab scale 0.0l g
plat, scale 5g

Accuracy

lao scale #0.01 9
plat. scale 5g

0.05 kv +0.1 av
V3 in 1/64 in
O.1s 0.2
0,265 =mil 0.85 mil
(28) 2%
40,1 mid
158 2s
0,1 uQ 0.1 N0
S Alr atomized 0.5 kP2
Alrless +3.5 kfe
0.1°c 0.1°c
n) +3n
$C.001 g/ml. 0.002 g/l
11.5%) “Nn

Complet mess

1008
1008

icos

1008
100%

100%

1608
w00e
100%
100%
100%

100%

100%

1008
100%

*Industrial ventilation - A Manual of Recommended Practice, Amsrican Conference of Governmental Industxial Hygeniats, 1972.
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SECTION 5

SAMPLING PROCEDURE

A description of the sampling procedure is provided in the

Subtask Report, Appendix A, Draft StandarJ Test Method for Spray

Painting Transfer Efficiency. The draft standard test method

includes:

@ A descriprtion of the test method, including references
to standard methods

o Figures illustrating specific operations
@ Description of sampling and test equipment
o Data sheets

@ Other special conditions and consideracions in
performing the test
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SECTION 6

SAMPLE CUSTODY

Sample custody procedures are addressed in Draft Standard Test
Method for Spray Painting Transfer Efficiency, Subtask Report
Appendix A. The CENTEC engineer and lavoratory technician will
check and sign all data sheets. The laboratory will retain all
weighed foils, as described in the draft test method, until the
data analysis is complete. CENTEC will retain all original data

sheets.
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SECTION 7

CALIBRATION PROCEDURES, ANALYTICAL PROCEDURES AND FREQUENCY

Calibration procedures, analytical procedures, and freqguency
requirements are included in Draft Standard Test Method for

Spray Painting Transfer Efficiency, Subtask Report, Appendix A.
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SECTION 8

DATA REDUCTION, VALIDATION, AND REPORTING

8.1 GENERAL
Data will be collected at the test laboratory under the guidance
of a CENTEC engineer. The data will be collected and documented

according to the requirements of the Draft Standard Test Method

for Spray Painting Transfer Efficiency (Subtask Report, Appendix

A). Equations for reducing the data are also contained in the
draft standard test method. Figure B-2 shows the responsible

parties for each data validation and reduction step.

8.2 DATA REDUCTION, VALIDATION, AND REPORTING

Data reduction will be performed using standard statistical

practices as described in Draft Standard Test Method for Spray

Painting Transfer Efficiency, Subtask Report, Appendix A. Any

data generated by test runs with known discrepancies in perform-
ance will be labeled as suspect for later evaluation. Duplicate
data for all suspect runs will be obtained whenever resources

permit.

For each experimental design, the reduced data will be subjected
to a series of t tests using studentized residuals to evaluate

cutliers. This evaluation will be performed onsite when 75 per-
cent of a test series is complete. Outliers will be replaced by
duplicate runs as resources permit. Any remaining outliers will
be eliminated from the data set where possible without rendering

the data set useless.
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SECTION 9

INTERNAL QUALITY CONTROL CHECKS

Internal quality control checks are incorporated into the

experimental design and Draft Standard Test Method for Spray

Painting Transfer Efficiency (Subt2sk Report, Appendix A).

These checks include a battery of replicates for each type of
spray equipment to be tested. Calibration requirements also are
specified in the Subtask Report, Appendix A. All data is
subjected to two inspections for error (by the CENTEC engineer,
and by a laboratory representative), with concurring signatures

required on each data sheet.
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SECTION 10

PERFORMANCE OF SYSTEM AUDITS

The performance of the TE tests will be monitored constantly as

described in Draft Standard Test Method for Spray Painting

Transfer Efficiency, Subtask Report, Appendix A.
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SECTION 11

PREVENTATIVE MAINTENANCE

Certain preventative maintenance (PM) procedures must be followed
to keep downtime to a minimum, Most PM practices are recommended
by the manufacturer to the spray equipment user. These practices
include keeping the spray equipment and spray area clean, handling
equipment carefully to aveid damage, and using appropriate
equipment for the given job. These general practices must be
observed to prevent inadvertent deterioration of spray equipment

condition and to minimize downtime,

In addition to these PM practices, extra electrodes and air caps
should be kept on hand. Ample supplies for performing TE tests
should be available to avert shortages. These include foil,

paint, tape, solvent, and others outlined in the draft standard

TE test method.
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SECTION 12
SPECIFIC ROUTINE PROCEDURES TO ASSESS DATA PRECISION,
ACCURACY AND COMPLETENESS

After the spray painting system is operational, performance
audits will be conducted to assure continued acceptable pre-
cision and accuracy during testing. It is the nature of the
exper imental design for this program that TE results cannot be
tested for outliers until three-quarters of a test series is
complete. To minimize the likelihood of obtaining poor TE
results prior to outlier analyses, performance audits are re-

quired twice daily for each major measurement contributing to TE:

e Net solids on target, g

e Conveyor speed, cm/s

® Paint weight fraction solids
e Paint mass flow rate, g/s

e Effective target width, cm

These measurements are subject to the precision, accuracy, and
completeness criteria in Table B-1. They will be audited for
precison and accuracy at the beginning and completion of each
test day. Periodic audits also may be conducted during the test
day as deemed appropriate by either the laboratory technician or
CENTEC engineer on site. Performance audit requirements are

detailed in Table B-2 and in the Draft Standard Test Method for

Spray Painting Transfer Efficiency.
131




TABLE B-2,

Ma2asurement
Parameter (units)

Net solids on target(g) o

Conveyor speed (cwm/s)

Paint weight fraction
solids

Paint mass flow rate (g/s) o

Effective target width o

Section

12

Revision No.

Original

Date

December 1983

Page 2 of

3

PERFORMANCE AUDIT REQUIREMENTS

Performance Audit Method

Measure Kknown contcol weight

Blank run using electronic
timer
Chalk mark and stopwatch

Zonduct duplicate analyses
per ASTM 2369 at manufac-
turers recommended cure
schedule

Spraying, using stopwatch
and scales

Ruler or tape measure

A = Start of each day

B = At change of paint or spray equipment
C = As requested by lab technician or eng.
D = End of each day

132
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The precision and/or accuracy of the total measurement system will
be documented at least twice daily. Problems identified by the
performance audit will be corrected before continuing with the

test program.

Completeness requirements are audited continuously and automati-
cally by the dual check off procedures required on each data

sheet i1n the draft standard test method.
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SECTION 13

CORRECTIVE ACTION

Performance zudits are required twice daily for each major
measurement contributing to TE. Should any measurement not meet
the precision or accuracy requirements laid out in Table B-1,
corrective action must be taken. Corrective action includes
recalibration, repair, or replacement of the measurement system
in question. The CENTEC engineer on site is responsible for
initiating the appropriate corrective action, with concurrence
from the participating required in writing in the next QA report

to management.

Corrective action may also be taken to replace data identified
as erroneous by the required data outiier analysis. The CENTEC
Project Manager is responsible for initiating corrective action

to replace outlier data.

Other corrective action may be taken at the request of onsite
CENTEC or laboratory personnel whenever suspect or undocumented
conditions occur. The CEMNTEC engineer is responsible for all

such corrective actions.
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SECTION 14

QUALITY ASSURANCE REPORTS TO MANAGEMENT

The CENTEC engineer on site will report daily via telephcne to
the CENTEC Project Manager regarding the results of all perform-
ance audits, measurement system accuracy, and measurement system
precision. Significant QA problems and recommended solutions
will be discussed. Brief records of these reports will be kept

for later inclusion in the final test report OA section.
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APPENDIX C

Data Sheet 1

AAC TEST EQUIPMENT AND PAINT SPECIFICATIONS

Test Equipment SEchfications

Test Date:

-

Test NoO.:
AL~ -0,

Data by/fChegked by:
D2 /E‘r
L]

A. Weight Percent Solids Measurement Equipment

C.

D. Tsrget

F.

7‘

J.

Laboratory Scales
a. Manufacturer
b. Model No.

¢. Serial VMo.

d. Capacaity, g

e. Rated accuracy, ¢
Foil Dishes

a. Type

b. Size

Syrainge

a. Type

b. Capacaity, mL
Solvent Type

Conveyor Speed Measurement Equipment

2.

Rule

a. Type

b. Graduations
Electronic Timer

a, Type

b. Manm‘facturer

c. Model No.

d. Serial No.

e. Rated accuracy, s

Mass Flow Measurement Equipment

1.

l.
2.
3.

Platform Scales

a. Manufacturer

b. Model No.

c. Serial No.

d. Capacity, kg

e. Rated accuracy, @
Stopwvatch

8. Manufacturer

b. Model No.

c. Serial No.

d. Rated accuracy, 8
Poil

Ty pe

Nomainal Th.ckness,
Temper

mils

wWet Pilm Measurement Eguipment

a. Manufacturer
b. Model No.

Dry Film Measurement Equipment

a. Manufacturer
b. Model No.

Precisa .
240-21
$74227
~0=300/0-3000 GRAMS___
—01G _Pasolurion/,.1G Resolution

Aluninun_
58mer round

Glass
5

Xye s

1L32%

Elactro-Mechanical Digital
B 0618400 CIRNEYETe=~QO, J L4MV /S
9130 £36.J

- yral "

e e

X-

Moas Flow Meter: Micromotion
g‘zu H“h n‘g 5‘ ;nﬁ,;atoz
495

2 %0 1000 G/Min, .68 3o 13 XG/Min.
2= .4\ Reading

L£xonua Pracision products, Inc.

(1) §

Alum, Allov 1145-
3.5
Medium

Gardco 9-4 Mils
Brecisaion Direct Readans

DeFelsko Corp.
Positector 2000

.1 mils Accuracy




6.3

Select coating.
tests in this progranm.
the paint characteristics.

The same coating shall be used for all
Using Data Sheet 2, document

Paint characteristics ahall

be documented caily, at each addition of paint, and at
other times as reguested by the CENTEC engineer or GRACO

Yepresentative.

Again, check your inforzation and sign

the form.
Data Sheet 2
Paint Specifications
Test Date: Test No.i Data by/cmél:ed by:
2 /4 ADC ¢: A e
] /

1. Paint Type Black Enamel (Graco #077-001)

4. Resin Type Alkyd Base

3. manufacturer Reliance

4, Manufaccurer’s Paint 1D No. 410-3150

$. Lot No. LPocw ™/

6. Color Black

7. Recommended Cure Schedule 17 wmin. 329 °*¢

nigus 66 sec. PAZAMHK ¢ T7°F

8. Viscosity {uncut) sec.¢ Pord Cup @ °*F

9. Peducing Solvent Xvipl ew-E

10. Vol. of Solvent Put into et / (vol) solvent in

Vol. Paint J {vol) paint

4l. Viscosity = Spray (cut)® * 20%ec.0 0 B4 Cup e<15 r'(F\:;Tf'h

12, Wt./Gallon - Spray St C A1H__ pszam)

13. Wt Solids - Roray p— 3

14. Resistivity o- ‘onductance 22 H&A-" ~1A

€ s

PPl i e, gy L

*Use ASTM D-2353~-68, AST™M D-1200-70, or ASTM D-3794 pacst &,

(B
=9
'I

137
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Data Shest 3

Paint Spray and Peripheral Equipment Specifications
Test Date: Test No.: Data by/Chkd by:

A. Paint Supply Tank

1. Type Fri-enh. “aum
2. Manufacturer ‘afsr o

3. NModel No. SR

4. Serial No. —

S. Rated Capacity., gal Szt

B. Paint Spray Equapment

1. Type Hoate AT i P CpAAy CodwlNT i8R
2. Manufacturer Zra_

3. Model No. FoIN 08 . mon

4. Serial No. — g

5. Rated Capacity, ce/min /A

6. Air Cap Y "y ¥,

7. Fluid Tap ‘I} PN

8. Neesdle oy

C. Paint Spray Booth

3. Model No.
4. Seriai No.
S. Rated Capacity, cfnm

- Type DOARIRCiRALOX MATSE Wash
2. Manufacturer Alnks
207605 (wg, Ro,)

D. Conveyor

« Type Overhead
3. Manufacturer Jmliance Zlectric Co,
3. Model No. Rinpak V.5 Drive
4. Serial No. -
B, Porcwed Draft Oven
1. Type Zorced ALX Gag Qven
2. Manufacturer =y
3. Nodel No. -
4., Serial dNo. 119431 Controller 1-294)-A Oven
P. Paint Heaters
1. Type n/a —_—
2. Manufacturer n/a
3. Model No. n/a
4. Serial No. n/a
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APPZNDIX D

AARE TEST “QUIPMENT AND PAINT SPECIFICATIONS

Data Sheet )

Test Eguipment Specatications

Test Date: Test No.:
z‘:z‘iz Ad" 'é’.

_g.m D x.

Dat b{j/c”c“d by:
/

A. Weight Percent Solids Measuremant Equipment

Laboratory Scales
a. Manufacturer
b. Molel No.

€. Serial No.

d. Capacity, ¢
@. Rated accuracy, ¢
Foil Dishes

a. Type

b. Size

Syringe

a. Type

b. Capacity, aL
Solvent Type

(l:onvoyor Speed Maasurement Equipment

Rule

a. Tzpe

b. Graduations
Electronic Timer

a. Type

b. Manufac:urer

€. NModel No.

d. Serial dNo.

e. Ra~ed accuracy, s

C. Mass Plow Measurement Eguipment

1.

Platform Scales

a. #anufacturer

b. Model No.

Cc. Berial No.

d. Capacity, kg

e. Rated accuracy., ¢
Stcpvwatch

a. Manufacturer

b. Model No.

€. Serial No.

d. Rated accuracy, s

D. Target Poil

F.

1.
2.
3.

Type
Siomanal Thickness, mils
Temper

Wet Pilm Measurement Equipmsent

Manufacturer
Model No.

Dry Film Measurement Equipment

a.
b.

Manufacturer
Model No.

139

240-
2574227
«2=300/0=3009 GRAMS
o015 _Resolurion/ G _Resolution
Alumi num
S8mv round
Glass
5
/32"
Electro-mechanical Digi
Pvecrsion. Sciantyfre—Cn, C/vamer
68330 T
- L]
Nass Floy Metgi:  Micromotion
SI2AF with DIO Rt Xndicator
2435
2.0 1000 G/Min, 6810 13 RG/Min.
22 =4\ Raading
Wn ts, Inc.
-

Alum, Alloy 1145-0
1.5

Medium

Je elsko Corp.

. Sitector 2000 .1 mils Accuracy



6.3 Select coating. The same coating shall be used for all

tests in this program. Using Dut Sheet 2, document

the paint characteristics. Paint characteristics shall
be documented daily, at each addition of paint, ard at
other times as requested by the CENTEC wnginser or GRACO
representative. Again, check your information and sign
the form.

Data Sheet 2

Paint Specifications

Test Date: Test No.: Data by/Checked by:
3 /.4ty MC-22 Lie/-ax,
1. Paint Type Black Enamel {(Graco $077-001)
2. Resin Type Alkyd Base
3. manutacturer Raliance
4. Mmanufacturer's Paaint ID No. 210=2150
S. Lot No. Adgcd B
é. Color Black
7. RecommendeJd Cure Schedule 17 _min. @ 329 °F
nisum 66 sec. 2ZANN @ 7T°F
8. Viscosity (uncut) loc.i‘& Cup & °p
9. Reducing Solvent Zvlol wr-tea
10. ::}: ::‘::l\nnt Put into \YJ __(:_:i: l::::ht in
11, Viscosity = Spray (cut)* Seaatec. 012 Foue Cup ¢35°€
12. Wt./Gallon - Spray S8 1bs/gal
13. Wt. Solids - Spray — [ )
. 1. Resistivity or .onductance g’[’ n ~A

*Uge AST™M D-2353-68, AST™M D=1200-70, or ASTM D~3794 part 6.

1a0



Data Sheet 3

Paint Spray and Peripheral Eguipment Specifications

Test Daze:

“I" /-I

A. Paint Supply Tank

1. Ty

2.
i
‘.
S.

pe

Manufacturer

Model No.

Serial No.

Rated Capacity, gal

8. Paint Spray EqQuipment
1. Type

2.
3.
4.
5.
6.
’.
‘I

Manufacturer

Model No.

Serial No.

Rated Capacity, cc/min
Air Cr9

Fluid Tip

Needle

C. Paint Spray Booth
1. Ty

2.
:.
4.
5.

pe

Manufacturer

Model No.

Serial No.

Rated Capacity, cfm

D. Conveyor

l.
zl
,-
‘.

Type
Manufacturer
nodel No.
Berial No.

E. Forced Draft Oven

1.
2'
3.
“

Manufacturer
Model No.
Ssrial No.

F. Paint Heaters

Type
Manufacturer
Model No.
Serial No.

Test MNo.!

AAC - 22

145

Dsta by/Chkd dy:

Y
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APPENDIX E

ALC TEST EQUIPMENT AND PAINT SPECIFICATIONS

Data Sheet 1

Test Equipment Specafications

Test Date: Test No.3 a by/Checked by:
Z 22+ dgg 2T 3
E RN Tk

A. Weight Percent S50llds Mezsuremen-. EQuipment
1. Laboratory 5cales
a. Manufacturer

b. Model No. 240=-21
¢. Serial No. M573227
4. Capacity, @ 0=320/0-3200_GRAMS
®. Rated accuracy, ¢ —alllG_Pssoluzionl.lG Pasolution
2. Poil Dishes
a. Type Al uminum
b. Saize 58mn round
3. Syringe
a. Type Glass
b. Capacity, mlL 5
4. Solvent Type - aebiael
B. Conveyor Speed Measurement Equipmen .
1, Rule
& WPQ mvns*gn,;
b. Graduations 1z32"
2. Electronic Timer
a. Type Blectro-Mechanical Digital
b. Manufacturer Precision Scientific Co.
c. Model No. £9235
d. Serial No. -
e. Rated accuracy, @ BSWTTH

C. Hass Plov Measurement Equipment
l. Platform Scales

8. Manufacturer Maaa Klow Mater: NRicromoticn
b. Model No. SA2AF ash D10 PR _Zndicator
c. Serial No. 74385
d. Capacity. ko .30 1000 G/min, 6B £o 13 KG/Min.
e. Rated sccuracy, 9 2l =_.4% Baading
2. Stopwatch
a. Masnufacturer Sxonua Precision Products, 1nc.
b. Model No. -
€. Berial No.
d. Rated accuracy, s 201
D. Target Foal
1. Type Mum. Allov 11450
2. MNominal Thickness, - is 1.5
3. Temper Medium
E. Vet Pilm Measurement EqQuipnent
8. Manufacturer Garcco 0-4 Mily
b. Model No. Bxecasion pixect Reading
F. Dry Film Measurement Equipment
a. Manufacturer DePelsko Corv.
b. Model No. Pogitector 2000 .l mils Accurscy
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6.1 Select coating.
tests in this program.

the paint characteristics.

The same coating shall be used for all
Using Data Sheet 2, document

Paint characteristics shall

be documented daily, At each addition of paint, and at
other times as requested by the CENTEC engineer or GRACO

representative.
the forn.

Again, check your information and sign

Data Sheet 2

Paint Specifications

Test Date: Test No.:

2-22-r4

1. Paint Type

2. Resin Type

3. Manufacturer

4. Manufacturer's Paint ID No.
5. Lot No.

6. Colnr

7. Recommended Cure Schedule
8., Viscosity (uncut)

9. Reducing Solvent

10. Vol. of Solvent Put into
Vol. Paint

11. Viscosity - Spray (cut)®
12. Wt./Gallon - Spray
13. We. Solids - Spray

14. Rasastivity or Conductance

Ao 22

AL

Data by/Checked bdy:

(‘g& / ELED.

Black Enamel (Graco #077-001)

Alkyd Base ('N/2¢3 £-8 a9

Meliance
@3 NN Fo &)
£19-2139

t:~n126C3

2~ -any

slack

17 wmin, 329 °°P
nigum 66 sec. 02ZAHK 9 77 P
B0C. Pord Cu hd 4

Avlol _owwEx

{vol) solvent §n
(vol) paint

sec.¥ ‘«l:r::btm op
S5 .95 1basgal
.

32 m./ﬂ"r ~1A

®Use AST™ D=2353-68, ASTM D-1200-70, or AST™ D-3794 part 6.
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Data Sheet 3

Paint Sprav s=d Peripheral Equipment Specifications

Test Date: Tast No. ¢ Data by/Chkd Dy:
LT ilmed Arec i ﬁlg leEo
—— of
A. Paint Supply Tank .
p O]
l. Type | Sy kL P ol
2. Manufacturer c,_:r_’}_____
3. Model Ne. D/ e E—
4. Serial No. — P B -2

5. Rated Capacity, gel e YTV L

M
B. Paint Spray Equipment

1. Type L =8 L
2. Manufacturer T fe =~
3. Model No. Al T cCws
4. 5erial No.
5. Rated Capacity, cc/min N sonce o e,
6. Air Cap = e
7. Pluid Tip s - SoA
8. Needle -
C. Paint Spray Booth
1. Type Jeaprecinitor Mates Wash
2. Manufacturer Biaks
3. Model No. B0769% (Dwg, No,)
4. Seriasl No. =
S. Rated Capacity, c¢fm -
0. Conveyor
l. Type Overhead
2. Msnufacturer Axlisnse Blectris Co.
3. nodel No. Minpak V.§ Drive
4. Serial No. hd
E. Porced Draft Oven
1. Type Xozced M Gas Oven
2. Manufacturer Dxiing Svatems Cormany .
3. nodel No. — -
4. Serial No. 222 .nuzollex ]-29¢1-A Ov n
. Paint Meaters
1. Type n/s
2. Manufacturer n/a
3. Model No. s
4. Berial No. n/a
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APPENDIX F

ALE TEST ECUIPMENT AND PAINT SPECIFICATIONS

Dats Sheet 1

Teszt Equipment Specifications

Test Date: Tast gl%.:
77,4 L2

recked b
ip Py/Reee o

A, Weight Percent Solids Measurement Equipment

c.

1. Llaboratory Scales

a. Manufacturer

b. Model No.

c. Serial No.

d. Capacity, @

e. Rated accuracy, @
2. Ffoal Dishas

a. Type

b. Bize
3. Syringe

s. Type

b. Capacity, sl
4. Solvent Type
Conveyor Speed Msasursment ECquipment
1. Rule

a. Type

b. Graduations
2. Electronic Timer

8. Type

b. Manufacturer

¢. Model] No.

4. Serial No.

e. Rated accuracy, s
Mass Flov Measurement Eguiprment
1. Platform Scales

8. Manufacturex

b, Model No.

¢. Berial No.

d. Capacity, kg

e, Rated accuracy, ¢
d. Stopwvatch

8. Ranufacturer

b. Modsl No.

€. Berial No.

d. Rated accuracy, §

D. Target Pe:l

F.

1. Type
2. MNom) ..1 Thichness, mils
3. Temper

siet Fils Measurement Equipment
8. Manufacturer
b. Model MNo.

Dry rilm Measurament Egquipment
a. Manufacturer
b. Model No.

240 2)
_M874227
Na )

«aRiG _Beanluzoon/.ll Fesolution

Al umi num
38mm round

Glass
[]
Rigi~ )

sonventionad o
322

Rlectro-Mechanical Digital
Precision Scientifac Co.
9230

BPWTTH

01
Alum, Alloy 1145-9

2,5
Hedyun
Gardco 0=4 nils
Rxasizion Dizact BRadisy

DePelgko Corp.
Positector 2000 .1 mils ACCuracy



6

Test Date: Test No.:
z2f2d AL 29
l. Psint Type
2. Resin Type
3. Ranufacturer
4. Manutacturer’s Paint ID No.
3. Lot No.
6. Color
7. Recommended Cure Bchedule
0. Viscosity (uncut)
9. Reducing Bolvent
10. Vol. of Solvent Put into
Vol. Paint
1l. Viecosity = Bpray (cut)*®
12. wt./Gallion = Spray
13. wt. Bolids = Spray
14. Resistivity or Conductance

+3 Select coating.
tests 1n this program,

the paint characteristics.

The same coating shall be ussd for all
Using Dsta Sheet 2, document

Paint characteristics shall

be dotumented daily, at esch addition of paint., and at
other times as requested by the CENTEC engineer or GRACO

cepresentative,
the form.

Again, check your information and sign

Dats Sheet 2
Paint Specifications

Data by/Checked bdy:

7<.

K4

Black Znamel {(Graco 3077-001)

Alkyd Base

Meliance

21¢-2180
=22 vom,

Black

——

2527 min. g%-r 2T omin

Tunigum o6 sec. §IZMIN & 77 F
sec.® Pord Cu ht 4

! I I i /_‘ tuy S came o el TP "

{vol) solvent in

2, {vol aint
sec. ¢ Pord Cup ¢ °F
Tro2002  hesewl
2

27w/ e

*Use AST™W D=-2353-£8, AST™ D-1200-70, or AS™ D-3794 part 6.
»Ove .

-;bbgﬁ-\Clzﬂ G~\.arxrr\
43317 =!I2o
Plock.. Bals <&
/N G-00
UM 263 a3

EPA  25.49 sl 78
<orole :ES-Q!B“*GS‘I*Fz -
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Data Sheet 3

Psint Spray and Periphersl Equipment S ecifications

Test Date: ‘l'.la No.1 Data DY/Chkd Dy:

- :4 ’ ! AI n/ ,‘)
A. Paint Supply Tenk

1. Type | =

4. nanufacturer d

3. model No.

4., Sorial Neo. ~
S. Rated Capacity., gsl .ngL

B. Paint Spray Ejuipment

1. Type Aulps Eectazanic
2. Manufacturer o

3. Model No.

4, Serial No. P -
5. Rated Capacity, cc/min
6. KITTxp
7. Fluid Tip (o
8. Needle S30 SR AXMe
C. Paint Fpray Booth
1. Type xuapzscipitor Mater Wash
2. Manufacturer inks
3. NModel No. £Q760S (Dwa, Ko}
4. Serial No. -
S. Rated Capacity, cinm -
D. Conveyor
1. Type Overhead
2. Manufacturer Jaliance Zlsctric Co,
3. nodel Nc. Binoak V.5 Drive o
4. Berial Wo, -
E. Porced Draft Oven
- Type Xexse Mz Gas Oven
2. Manufacturer Dryi Evatama Company .
3. Model No. -
4. Seraial No. 229841 _Centr 31ex A-2241-M Oven
F. Paint reaters
1. Type 7/ S—
2. Manufacturer n/a
3. Model WNo. /A
4. Serial No. — e
L7767 A0 R p (Pt

KID W e
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APPENDIX G

Glossary of Statistical Terms

Regression

The procedure of fitting a model to a set of data using the method of
least squares. The product is a prediction equatjon for predicting a

f~pendent response as a function of indepencent "{input'" variables.

Residuals

The error in fit of a regression equation. The residual is the difference
between the observed response a2nd a predicted response from the regression

model.

t-tests

t-tests are used in the present context to test the hypothesis that a

regression coefficient is zero. The t-statistic is a ratio

- regression coefficient
standard error of coefficient

Small values of t are evidence of a coefficient that does not differ

significantly from zero.

F-tests

F-tests are used In a manner very similar to the t-tests. For a specific
regression coefficient, and thus for a particular variable, the F-
statistic represents the ratio of the variance explained by the variable

being tested to the variance attributed to experimental error.
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Significance level (p value)

The signifirance level 1is used in the context of significance testing,

If a regression coefficient (or a model variable) is significant at the
0.02 level, the value 0.02 is the probability of obtaining a t-statistic
(or F) as large as that observed, when in fact the model variable plays
absolutely no role in the system. In other words, a p value is the prob-
abilicy of obtaining such information due to chance alone. Clearly, a

small p value is evidence of a strong model term or variable.

Standard Deviation

A standard deviation is a measure of spread in a statistical distribution
or a set of data. Given Xis Xgy sees xn, observations in a set of data

and x, the wean, the sample standard deviation is given by
n (xi-§)2
St/ T
=1 "

R? (Coefficient of Determination)

The coefficient of determination R? {s a measure of quality of fit of s

fitted model. The statistic R? is defined as

variation in response explained by model
variation in response oubserved

R? =
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Confidence Limits on Mean Response

In a regression context, the 95% confidence limits on the mean response
represent '"'bounds" arcund the fitted regression that are defined such

that
"we are 95% confident that the mean response, at the data

locaticns in question, is covered by the bounds."

Lack of Fi’ Test

The lack of fit test is an F-test for ascertaining whether or not a
fitted model is adequate. The rest essentially tests for the signifi-
cance of higher order terms in the egression. If the F-statistic is
nonsignificant, the conclusion is that there is no evidence that a more

complicated model would improve the regression.

Dummy Variables

The use of dummy variables is a standard way of accommodating 'categories”

in a regrcssion situation that also contains the ordinary continuous

variables.



