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Leather Solar Resistance Improvement Study 
 
 
 
 
 

The attached report is based on an actual study performed to reduce rejects due 
to part performance variability. The names of company and team members are 

purposely withheld. 
 
 
 

Study Consultant/Facilitator: Ranjit K. Roy, Nutek, Inc. 
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(A BRIEF REPORT) 
 
 
Project Title: Leather Solar Resistance Improvement Study 
 
Objective: Study leather curing process and determine the combination of process parameter 
for best performance under Xenon exposure (simulates exposure to solar light). 
 
Observation & Recommendations:  (From overall performance of 12 separate analyses) 
The optimum condition shown below represents the combination of process parameters that is 
expected to produce the most desirable performance.  
 
Optimum Condition (Not tested, but one of possible 512 conditions) 
A: Pigment Type       (2)  SA Supplier   
D:Top Coat Add-on     (2)  High   
I:Crust Type         (1)  NA Crust  
E:Foam Chemistry     (2)  Sa Foam 
    
B:Top Coat Chemistry  (2 or 1)  NA Top Coat or SA Top Coat 
C:Pigment Concention   (1 or 2)   5 percent or 10 Percent   
G:RB Upgrade Chemistry   (1 or 2)            Present or Absent  
 
F:Milling -Dye Tr    (no effect at all) Set this factor at any value within range. 
H:RB Chemistry   (no effect at all) Set this factor at any value within range. 
 
 
 
Explanation: 

1. Factors A: Pigment Type and D:Top Coat Add-on have the most influence (over 30%) 
on all the criteria of evaluations (Delta-L, Delta A, Delta-B, and Gray Scale). Both 
these factors must be set at level 2 as shown above. 

 
2. Factors I:Crust Type and E:Foam Chemistry have moderate influence (over 10%) on 

the four criteria of evaluations. The desirable level for I:Crust Type 1 and that for 
E:Foam Chemistry is 2 as shown above. 

 
3. Factors B:Top Coat Chemistry, C:Pigment Concent, and G:RB Upgrade Chemistry 

have only small influence (under 5%) on the four criteria of evaluation. The levels of 
these factors may be set to either level 1 or level 2 without significant influence on the 
results. The levels preferred for these factors are indicated above. 

 
4. Factors F:Milling -Dye Tr. and H:RB Chemistry have no effects on the four criteria of 

evaluations at all. These factors may be set to any value within the range of study. 
 
 
(Refer to data summaries in pages 3 – 9 below and analysis of results and experiment setup in 
attached pages 10 - 47) 
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Expected Performance 
Based on representative analysis shown (page 36 -41), the performance expected from the 
optimum condition will range between 4.4 to 4.8 in Gray Scale reading (Current average is 
3.8). The performance at optimum is expected to reduce variation and reflect 22% increase in 
capability index, Cpk, and yield 33% savings (Loss Function, page 41)  
 
Additional Observations 
 

1. Factors A:Pigment Type and B:Top Coat Chemistry have opposing influence on 
criteria Delta-A (C2A) and Delta-B (C2B). Consequently, optimum level for C2B is 2 
while that for C2A is 1 (Table 5, Page 9). But, since the optimum level for C1 and C3 
is also 2, it is selected as the optimum level. 

2. Fortunately, there is no such conflicting influence exist for other significant factors. 
 
(If the weighting of a particular criteria changes or otherwise influence a criteria becomes 
of interest, separate analysis can be performed to develop better understanding on the 
factor influence to the criterion.) 

 
 
The magnitudes of the slope of average effect (Main Effect) lines represent the influence 
factors have on the results (evaluation criteria). Since there were 3 strengths of Xenon 
exposures (500KJ, 750 KJ & 1000KJ), the influence values are plotted against the strength of 
Xenon exposure. The plots for the 4 different criteria of evaluations are shown in attached 
graphs (Pages 4, 5, 6 & 7). 
 

1. Influence of all factors tends to increase with increased energy levels of Xenon 
exposure for Delta-L, Delta-A and Delta-B criteria of evaluations. T 

2. The bar graph shown in page 8 is an alternate way of displaying the factor 
influence. 

3. The line graph at bottom of page 8 shows how the relative influence of the factor 
(ANOVA data) changes with Xenon exposure strengths. 

 
 
Recommendation: 
Set process condition as indicated and confirm performance before releasing for production. 
Run 2 or more samples at the optimum condition and compare average performance (Gray 
Scale value) with the predicted performance. 
 
 
Sincerely, 

 
 
 
 
 

Ranjit K. Roy, Ph.D., P.E, PMP                   Sept. 6, 2006 
Consultant, Nutek, Inc. 
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ANALYSIS SUMMARY 
 
Project Title: GM Leather Xenon Exposure Study       (Planned date: June 7, 2006) 
 
1. Team Leader ? 
2.Team member  ? 
3. Team member ? 
4. Team member ? 
5. Team member ? 
6. Team member ? 
7. Team member ? 
 
Test: 12 separate tests with 9 factors at 2 levels each. Each test was performed with 2 samples. 
Each sample was evaluated with 4 different criteria of evaluations (C1, C2A, C2B, & C3) 
after 3 durations of Xenon exposure (500 KJ, 750 KJ & 1000 KJ, simulates exposure to sun 
light of 6 months duration) 

Criterion C1   = delta L (absolute values, SMALLER QC) 
Criterion C2A   = delta A (4 added to the results, BIGGER QC) 
Criterion C2B   = delta B (4 added to the results, BIGGER QC) 
Criterion C3  = Grey Scale (BIGGER QC) 
 

All analysis performed using S/N ratios of results and 95% confidence level is used for 
pooling factor influences. Significant factor influences are used draw conclusion on factor 
influence and optimum condition. 
 
Analysis  Starategy   (Sept. 5, 2006) 
[Based on experiments conducted and results provided by the project team, the following 
analyses are performed. The results of criteria C1, C2A, & C2B have been scaled 
appropriately for convenience of analysis.] 
 

1. 2 separate experimental results (3 exposure levels and 4 criteria, two samples in each) 
have been analyzed using Qualitek-4 software. 

2. From each analysis, capture screens/data of 4 screens from each of 12 analyses: 
a. Results (only first 8 trials shown) 
b. Main Effect 
c. ANOVA (pooled at 95% confidence level) 
d. Optimum Condition 

3. Data compiled in 5 tables are shown below 
4. Conclusions from overall performance/trends drawn 

a. Optimum 
b. Factor influence & significance 
c. Expected performance at the optimum for C3 criterion 

 
Attachments: 

1. Summary data from analyses of 12 separate experimental results 
(Pages 10 – 35) are shown in pages 3 -9. 

2. A complete representative analysis (Qualitek-4 software output) is 
shown in pages 37 – 42. 

3. Experiment setup and the trial conditions are shown in pages 43 – 47. 
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Table 1: Influence on Criteria C1 
  ME  ANO VA  (%) 
Factor Description 500KJ 750KJ 1000KJ 500KJ 750KJ 1000KJ 
A:Pigment Type      5.11 6.57 9.1 50.55 43.6 47.18 
B:Top Coat Chemis   1.11 2.79 3.3 0 7.09 0 
C:Pigment Concent   1.52 2.19 2.8 3.89 0 0 
D:Top Coat Add-on   3.46 4.26 5.2 22.86 17.79 15.07 
E:Foam Chemistry    .97 .49 1.3 0 0 0 
F:Milling -Dye Tr   .81 1.83 2.79 0 0 0 
G:RB Upgrade Chem   .773 1.97 3.3 0 0 5.25 
H:RB Chemistry      .0889 1.08 1.3 0 0 0 
I:Crust Type        2.54 3.49 3.7 11.98 11.64 6.86 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C1 = Criterion 1, DELTA L, absolute value of reading, QC = SMALLER is better 
• ME  = absolute value of the slope of Main Effect (Qualitek-4 Main Effect) 
• ANOVA = Analysis of variance Results (relative influence of the factors to the variation of results. 
• KJ = Kilo Joules of energy level of Xenon exposure 
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Table 2: Influence on Criteria C2A 

  ME  ANO VA (%) 
Factor Description 500KJ 750KJ 1000KJ 500KJ 750KJ 1000KJ 
A:Pigment Type      1.34 2.7 4.2 74.8 77.4 77.7 
B:Top Coat Chemis   .44 .87 1.46 7.3 7.8 9.03 
C:Pigment Concent   .48 .83 1.11 8.7 7 5.06 
D:Top Coat Add-on   .29 .27 .38 3 0 0 
E:Foam Chemistry    .15 .26 .36 0 0 0 
F:Milling -Dye Tr   .05 .07 .04 0 0 0 
G:RB Upgrade Chem   .19 .48 .77 0 2.2 2.23 
H:RB Chemistry      .10 .33 .32 0 0 0 
I:Crust Type        .20 .32 .63 1.3 0 0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C2A = Criterion 2A,  DELTA A, All results scaled up by adding 4, QC = SMALLER is better 
• ME  = Absolute value of the slope of Main Effect (Qualitek-4 Main Effect) 
• ANOVA = Analysis of variance Results (relative influence of the factors to the variation of results. 
• KJ = Kilo Joules of energy level of Xenon exposure 

Factor Influence (Main Effect for criterion C2A)
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Table 3: Influence on Criteria C2B 
  ME  ANO VA (%) 
Factor Description 500KJ 750KJ 1000KJ 500KJ 750KJ 1000KJ 
A:Pigment Type      1.6 2.3 3.2 46.6 55.3 65.6 
B:Top Coat Chemis   .54 1.0 1.3 5.2 10.2 10.8 
C:Pigment Concent   .14 .11 .05 0 0 0 
D:Top Coat Add-on   1.32 1.57 1.6 31.7 24.0 16.0 
E:Foam Chemistry    .76 .88 .88 10.8 7.4 4.7 
F:Milling -Dye Tr   .11 .11 .18 0 0 .16 
G:RB Upgrade Chem   .31 .40 .62 1.5 1.5 2.3 
H:RB Chemistry      .14 .24 .24 0 .49 0 
I:Crust Type        .31 .11 .15 1.6 0 0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C2A = Criterion 2A, DELTA B, All results scaled up by adding 4, QC = SMALLER is better 
• ME  = Absolute value of the slope of Main Effect (Qualitek-4 Main Effect) 
• ANOVA = Analysis of variance Results (relative influence of the factors to the variation of results. 
• KJ = Kilo Joules of energy level of Xenon exposure 

Factor Influence (Main Effect for criterion C2B)
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Table 4: Influence on Criteria C3 
  ME *  ANO VA (%) 
Factor Description 500KJ 750KJ 1000KJ 500KJ 750KJ 1000KJ 
A:Pigment Type      .96 1.51 1.43 30.2 50.2 43.8 
B:Top Coat Chemis   .42 .50 .43 4.8 4.89 0 
C:Pigment Concent   .03 .05 .56 0 0 0 
D:Top Coat Add-on   .58 .83 .56 10.1 14.5 0 
E:Foam Chemistry    .64 .47 .60 12.8 4.3 0 
F:Milling -Dye Tr   .03 .15 .17 0 0 0 
G:RB Upgrade Chem   .03 .06 .03 0 0 0 
H:RB Chemistry      .03 .39 .27 0 0 0 
I:Crust Type        .96 .86 .80 30.1 15.81 12.1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Factor Influence (Main Effect for criterion C3)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

500 KJ 750 KJ 1000 KJ

Exposure Duration

S
lo

pe
 (M

ag
ni

tu
de

)

A: Pigment Type 

B:Top Coat
Chemis  
C:Pigment Conc.

D:Top Coat

E:Foam Chem

F:Milling

G:RB Upgrade

H:RB Chemistry

I:Crust Type

C3 = Criterion 3, Gray Scale. Original Reading, BIGGER is better. 
• ME  = Absolute value of the slope of Main Effect (Qualitek-4 Main Effect) 
• ANOVA = Analysis of variance Results (relative influence of the factors to the variation of results. 
• KJ = Kilo Joules of energy level of Xenon exposure.  
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Additionally, the graphs can be presented as bar graph and also using the relative influence of 
the factors (ANOVA) data as shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSIONS 
AND 

RECOMMENDATIONS 
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Optimum Condition: 
A: Pigment Type       (2)  SA Supplier   
D:Top Coat Add-on     (2)  High   
I:Crust Type         (1)  NA Crust  
E:Foam Chemistry     (2)  Sa Foam    
B:Top Coat Chemistry  (2 or 1)  NA Top Coat or SA Top Coat 
C:Pigment Concent    (2 or 1)   5 percent or 10 Percent   
G:RB Upgrade Chem   (1 or 2)            Present or Absent  
F:Milling -Dye Tr    (no effect at all) Any value within range 
H:RB Chemistry   (no effect at all) Any value within range    

500 750 1K 
2 2 2 
- 2 - 
1 - - 
2 2 2 
- - - 
- - - 
- - 1 
- - - 
1 1 1 
 

Factor Description 
A: Pigment Type           2 
B:Top Coat Chemis    2/1 
C:Pigment Concent    2/1 
D:Top Coat Add-on      2 
E:Foam Chemistry        2 
F:Milling -Dye Tr         0 
G:RB Upgrade Chem 1/2 
H:RB Chemistry           0 
I:Crust Type                  1 

 

500 750 1K 
1 1 1 
1 1 1 
2 2 2 
2 - - 
- - - 
- - - 
- 2 2 
- - - 
1 - - 
 

500 750 1K 
2 2 2 
2 2 2 
- - - 
2 2 2 
2 2 2 
- - - 
1 1 1 
- 2 - 
1 - - 
 

500 750 1K 
2 2 2 
2 2 - 
- - - 
2 2 - 
2 2 - 
- - - 
- - - 
- - - 
1 1 1 
 

Criterion C1 Criterion C2A Criterion C2B Criterion C3 

Table 5. Optimum Conditions (Levels 1 or 2 from all 12 analyses) 

C1 = Light and Dark value change,, C2A = delta A, C2B = Delta B, C3 =  Grey Scale (1 -5)  
• ME  = absolute value of the slope of Main Effect (Qualitek-4 Main Effect) 
• ANOVA =  Analysis of variance Results (relative influence of the factors to the variation of results. 
• KJ = Kilo Joules of energy level of Xenon exposure 

Factor Description 
A: Pigment Type      
B:Top Coat Chemis   
C:Pigment Concent   
D:Top Coat Add-on   
E:Foam Chemistry    
F:Milling -Dye Tr   
G:RB Upgrade Chem   
H:RB Chemistry      
I:Crust Type        

Level 1 
NA Supplier        
NA Top Coat        
5 percent          
Low 
NA Foam          
Present 
Present 
NA Roll B        
NA Crust 

Level 2 
SA Supplier      
SA Top Coat      
10 Percent       
High   
Sa Foam          
Absent 
Absent 
SA Roll Base     
SA Crust 
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ANALYSIS OF RESULTS USING QUALITEK-4 SOFTWARE 
 
Analysis with C1 – 500 KJ  ( S/N with QC =  Smaller )  
Results 

 
 
 
ME 
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ANOVA (95%) 
 
 

 
 
 
 
 
OPTIMUM 
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Analysis with C1 – 750 KJ  ( S/N with QC =  Smaller ) 
  
Results 

 
 
 
 
 
ME 
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ANOVA (95%) 
 

 
 
 
OPTIMUM 
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Analysis with C1 – 1000 KJ  ( S/N with QC =  Smaller ) 
  
Results 

 
 
ME 
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ANOVA (95%) 
 

 
 
OPTIMUM 
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Analysis with C2A – 500 KJ  ( S/N with QC =  Bigger, 4 aded) 
  
Results 

 
 
ME 
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ANOVA (95%) 

 
 
OPTIMUM 
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Analysis with C2A – 750 KJ  ( S/N with QC =  Bigger ) 
  
Results 

 
 
ME 
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ANOVA (95%) 
 

 
 
OPTIMUM 
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Analysis with C2A – 1000 KJ  ( S/N with QC =  Bigger ) 
  
Results 

 
 
ME 
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ANOVA (95%) 

 
 
 
 
 
OPTIMUM 
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Analysis with C2B– 500 KJ  ( S/N with QC =  Bigger, 3 added) 
  
Results 

 
 
ME 
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ANOVA (95%) 

 
 
 
 
OPTIMUM 
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Analysis with C2B – 750 KJ  ( S/N with QC =  Bigger ) 
  
Results 

 
 
ME 
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ANOVA (95%) 

 
 

 
 
 



Page   27 

R. Roy/Nutek, Inc. www.Nutek-us.com      Solar Resistance Improvement Study             rkr@Nutek-us.com            

 
 
 
 
 
OPTIMUM 
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Analysis with C2B – 1000 KJ  ( S/N with QC =  Bigger ) 
 
Results 

 
 
ME 
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ANOVA (95%) 

 
 
 
 
OPTIMUM 
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Analysis with C3 – 500 KJ  ( S/N with QC =  Bigger, 4 aded) 
  
Results 

 
 
ME 
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ANOVA (95%) 

 
 
 
 
OPTIMUM 
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Analysis with C3 – 750 KJ  ( S/N with QC =  Bigger ) 
  
Results 

 
 
ME 
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ANOVA (95%) 

 
 
 
OPTIMUM 
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Analysis with C3 – 1000 KJ  ( S/N with QC =  Bigger ) 
  
Results 

 
 
ME 

 
 
 
 



Page   36 

R. Roy/Nutek, Inc. www.Nutek-us.com      Solar Resistance Improvement Study             rkr@Nutek-us.com            

 
 
ANOVA (95%) 
 

 
 
 
 
OPTIMUM 
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REPRESENTATIVE ANALYSIS  
(C3 Criterion, 500 KJ Exposure, 2 Samples in each trial) 
 
Among the 12 separate experimental setups, this particular  set is used as a representative tests 
and conclusions about confidence level and expected performance drawn from it. 
 
 
RESULTS  (Average performance = 3.791) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MAIN EFFECTS 
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Plot of Main Effects of Selected Factors 

 
 
 
 
 
ANOVA 
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OPTIMUM CONDITION 
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CONFIDENCE INTERVAL at 90% C.L. 

 
 

 
 
Average Performance =  3.8 (average of all 24 results) 
 
Range of expected performance  =  4.4 – 4.8  (90% confidence level) 
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VARIATION REDUCTION & EXPECTED SAVINGS 
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(Reference Materials) 
Experiential factors and design: 
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Description of Experimental Trial Conditions (GM-SOLAR.TRL) 
[Number of Trial = 12  Number of samples in each trial = 0] 
 
 
Trial # 1 (Random order to conduct test is 9) 
============================================= 
A:Pigment Type     --  NA Suppli       --  1 
B:Top Coat Chemis  --  NA Top Co       --  1 
C:Pigment Concent  --  5 percent       --  1 
D:Top Coat Add-on  --  Low             --  1 
E:Foam Chemistry   --  NA Foam         --  1 
F:Milling -Dye Tr  --  present         --  1 
G:RB Upgrade Chem  --  Present         --  1 
H:RB Chemistry     --  NA Roll B       --  1 
I:Crust Type       --  NA Crust        --  1 
 
 
Trial # 2 (Random order to conduct test is 6) 
============================================= 
A:Pigment Type     --  NA Suppli       --  1 
B:Top Coat Chemis  --  NA Top Co       --  1 
C:Pigment Concent  --  5 percent       --  1 
D:Top Coat Add-on  --  Low             --  1 
E:Foam Chemistry   --  NA Foam         --  1 
F:Milling -Dye Tr  --  ABsent          --  2 
G:RB Upgrade Chem  --  Absent          --  2 
H:RB Chemistry     --  SA Roll Base    --  2 
I:Crust Type       --  SA Crust        --  2 
 
 
Trial # 3 (Random order to conduct test is 7) 
============================================= 
A:Pigment Type     --  NA Suppli       --  1 
B:Top Coat Chemis  --  NA Top Co       --  1 
C:Pigment Concent  --  10 Percent      --  2 
D:Top Coat Add-on  --  High            --  2 
E:Foam Chemistry   --  Sa Foam         --  2 
F:Milling -Dye Tr  --  present         --  1 
G:RB Upgrade Chem  --  Present         --  1 
H:RB Chemistry     --  NA Roll B       --  1 
I:Crust Type       --  SA Crust        --  2 
 
 
Trial # 4 (Random order to conduct test is 3) 
============================================= 
A:Pigment Type     --  NA Suppli       --  1 
B:Top Coat Chemis  --  SA Top Coat     --  2 
C:Pigment Concent  --  5 percent       --  1 
D:Top Coat Add-on  --  High            --  2 
E:Foam Chemistry   --  Sa Foam         --  2 
F:Milling -Dye Tr  --  present         --  1 
G:RB Upgrade Chem  --  Absent          --  2 
H:RB Chemistry     --  SA Roll Base    --  2 
I:Crust Type       --  NA Crust        --  1 
 
 
Trial # 5 (Random order to conduct test is 10) 
============================================= 
A:Pigment Type     --  NA Suppli       --  1 
B:Top Coat Chemis  --  SA Top Coat     --  2 



Page   45 

R. Roy/Nutek, Inc. www.Nutek-us.com      Solar Resistance Improvement Study             rkr@Nutek-us.com            

C:Pigment Concent  --  10 Percent      --  2 
D:Top Coat Add-on  --  Low             --  1 
E:Foam Chemistry   --  Sa Foam         --  2 
F:Milling -Dye Tr  --  ABsent          --  2 
G:RB Upgrade Chem  --  Present         --  1 
H:RB Chemistry     --  SA Roll Base    --  2 
I:Crust Type       --  NA Crust        --  1 
 
 
Trial # 6 (Random order to conduct test is 5) 
============================================= 
A:Pigment Type     --  NA Suppli       --  1 
B:Top Coat Chemis  --  SA Top Coat     --  2 
C:Pigment Concent  --  10 Percent      --  2 
D:Top Coat Add-on  --  High            --  2 
E:Foam Chemistry   --  NA Foam         --  1 
F:Milling -Dye Tr  --  ABsent          --  2 
G:RB Upgrade Chem  --  Absent          --  2 
H:RB Chemistry     --  NA Roll B       --  1 
I:Crust Type       --  SA Crust        --  2 
 
 
Trial # 7 (Random order to conduct test is 11) 
============================================= 
A:Pigment Type     --  SA Supplier     --  2 
B:Top Coat Chemis  --  NA Top Co       --  1 
C:Pigment Concent  --  10 Percent      --  2 
D:Top Coat Add-on  --  High            --  2 
E:Foam Chemistry   --  NA Foam         --  1 
F:Milling -Dye Tr  --  present         --  1 
G:RB Upgrade Chem  --  Absent          --  2 
H:RB Chemistry     --  SA Roll Base    --  2 
I:Crust Type       --  NA Crust        --  1 
 
 
Trial # 8 (Random order to conduct test is 4) 
============================================= 
A:Pigment Type     --  SA Supplier     --  2 
B:Top Coat Chemis  --  NA Top Co       --  1 
C:Pigment Concent  --  10 Percent      --  2 
D:Top Coat Add-on  --  Low             --  1 
E:Foam Chemistry   --  Sa Foam         --  2 
F:Milling -Dye Tr  --  ABsent          --  2 
G:RB Upgrade Chem  --  Absent          --  2 
H:RB Chemistry     --  NA Roll B       --  1 
I:Crust Type       --  NA Crust        --  1 
 
 
Trial # 9 (Random order to conduct test is 12) 
============================================= 
A:Pigment Type     --  SA Supplier     --  2 
B:Top Coat Chemis  --  NA Top Co       --  1 
C:Pigment Concent  --  5 percent       --  1 
D:Top Coat Add-on  --  High            --  2 
E:Foam Chemistry   --  Sa Foam         --  2 
F:Milling -Dye Tr  --  ABsent          --  2 
G:RB Upgrade Chem  --  Present         --  1 
H:RB Chemistry     --  SA Roll Base    --  2 
I:Crust Type       --  SA Crust        --  2 
 
 



Page   46 

R. Roy/Nutek, Inc. www.Nutek-us.com      Solar Resistance Improvement Study             rkr@Nutek-us.com            

Trial # 10 (Random order to conduct test is 8) 
============================================= 
A:Pigment Type     --  SA Supplier     --  2 
B:Top Coat Chemis  --  SA Top Coat     --  2 
C:Pigment Concent  --  10 Percent      --  2 
D:Top Coat Add-on  --  Low             --  1 
E:Foam Chemistry   --  NA Foam         --  1 
F:Milling -Dye Tr  --  present         --  1 
G:RB Upgrade Chem  --  Present         --  1 
H:RB Chemistry     --  SA Roll Base    --  2 
I:Crust Type       --  SA Crust        --  2 
 
 
Trial # 11 (Random order to conduct test is 2) 
============================================= 
A:Pigment Type     --  SA Supplier     --  2 
B:Top Coat Chemis  --  SA Top Coat     --  2 
C:Pigment Concent  --  5 percent       --  1 
D:Top Coat Add-on  --  High            --  2 
E:Foam Chemistry   --  NA Foam         --  1 
F:Milling -Dye Tr  --  ABsent          --  2 
G:RB Upgrade Chem  --  Present         --  1 
H:RB Chemistry     --  NA Roll B       --  1 
I:Crust Type       --  NA Crust        --  1 
 
 
Trial # 12 (Random order to conduct test is 1) 
============================================= 
A:Pigment Type     --  SA Supplier     --  2 
B:Top Coat Chemis  --  SA Top Coat     --  2 
C:Pigment Concent  --  5 percent       --  1 
D:Top Coat Add-on  --  Low             --  1 
E:Foam Chemistry   --  Sa Foam         --  2 
F:Milling -Dye Tr  --  present         --  1 
G:RB Upgrade Chem  --  Absent          --  2 
H:RB Chemistry     --  NA Roll B       --  1 
I:Crust Type       --  SA Crust        --  2 
 
 



Page   47 

R. Roy/Nutek, Inc. www.Nutek-us.com      Solar Resistance Improvement Study             rkr@Nutek-us.com            

 
            
(sample 
Test 
results)             
             

          

 
criteria 
description 

worst 
reading 

best 
reading 

Quality 
characteristic 

Relative 
Weight 
(final)       

 

light - dark 
value 
change 

1 5 

bigger is 
better 

26%       

 
C.S.P. delta 
a 20 0 nominal       

 
C.S.P. delta 
b 20 0 

nominal 
39% 

      

 

Visual color 
(Delta L)  

1 6 

Absolute 
reading, 
SMALLER is 
better 35%       

             
             
           
  C1 = light - dark value; Delta L not modified to 1 worst to 5 best reading  
  C2 = Delta A + B; original test data not modified to 20 worst and 0 best   

  
C3 = Visual color; original test data under gray scale; not modified to  
1 worst and 10 best reading 

             
 
 
 Sample set 1   

 500KJ  

# 
Delta 
E 

Gray 
scale 

delta 
A 

delta 
B 

delta 
C 

delta 
H 

delta 
L  

1 2.38 3-4 -0.06 -0.53 -0.53 -0.06 -2.32  
3 3.43 3 -0.08 -0.73 -0.73 -0.10 -3.35  
5 2.58 3-4 0.25 0.02 0.08 -0.24 -2.57  
7 1.43 4 0.08 0.15 0.16 -0.04 -1.42  
9 1.94 4 0.02 -0.11 -0.10 -0.05 -1.94  
11 2.59 3-4 0.13 -0.06 -0.03 -0.14 -2.58  
13 1.38 4 -0.23 0.34 0.28 0.30 -1.32  
15 1.63 4 -0.36 0.12 0.03 0.37 -1.59  
17 1.32 4 -0.51 0.71 0.58 0.65 -0.99  
19 2.25 3-4 -0.67 0.05 -0.09 0.66 -2.15  
21 1.09 4-5 -0.76 0.58 0.42 0.86 -0.52  
23 1.82 4 -0.78 0.10 -0.07 0.79 -1.64  
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 Sample set 2 
 500KJ 

# 
Delta 
E 

Gray 
scale 

delta 
A 

delta 
B 

delta 
C 

delta 
H 

delta 
L 

2 2.87 3-4 0.00 -0.64 -0.63 -0.15 -2.79 
4 3.46 3 -0.10 -0.73 -0.73 -0.07 -3.38 
6 2.32 3-4 0.20 -0.11 -0.06 -0.22 -2.30 
8 1.70 4 0.06 0.21 0.22 -0.01 -1.69 

10 2.10 4 0.05 -0.07 -0.06 -0.06 -2.09 
12 2.23 3-4 0.07 -0.20 -0.17 -0.12 -2.22 
14 1.01 4-5 -0.21 0.32 0.26 0.28 -0.94 
16 1.66 4 -0.31 0.13 0.05 0.34 -1.63 
18 1.33 4 -0.50 0.62 0.50 0.62 -1.07 
20 2.17 3-4 -0.68 0.05 -0.10 0.67 -2.07 
22 1.34 4 -0.77 0.56 0.40 0.87 -0.94 
24 1.60 4 -0.77 0.12 -0.05 0.78 -1.40 

        
 
Results for 750 KJ & 100 KJ are not shown here. 
 
 
12 Experiment files for analysis in Qualitek-4 software: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Source of results: Project Team 
 
 


