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Analysis of Results 

 
Study of Collagen Impregnation Critical Factors 

 
Content 
 

I.  Observations and Recommendations Pages  2 -  4 
II.  Supporting Detail Findings   Pages  5 - 14 
III.  Analyses     Pages 15 – 45 
 

1. Set 1A: Normal Production Process - Water Porosity result 
2. Set 2: Normal Production Process without Inspection & without Air 

Porosity - Water Porosity result 
3. Set 3: Normal Production Process without Inspection, Air Porosity, 

and sterilization - Water Porosity result 
4. Set 1B: Normal Production Process - CLEANLINESS (Time) result 

 
 
Observations 

1. The porosity value in the normal production process (NPP) can be reduced to less 
than 0.03 and its variability can also be reduced by 40% when the production 
process parameters are adjusted to the condition shown below. (See Table 1, 
Figures 1, 2, & 3) 

 
 

 
 
 
 
 
 
 
 
 
 

2. Conservatively estimated (Taguchi Loss Function), the reduction in variability due to the 
proposed process design is expected to result in a savings of 47 cents to a dollar of the 
‘current loss’. 

 
3. Five of the seven factors selected & studied (from among 29 factors identified by the 

team) were found to be important. Factors C: Impregnation pressure and F: Milking have 
least influence on the porosity and may be set to any level for future production. 

 
4. Factors studied have varying degree of influence on porosity data. Factors A: Number of 

Coats and B: Slurry Temperature has most influence on the variability of porosity. 
 

Optimum Process Condition 
Factors Studied   Levels Tested  Level Desirable 
A: Number of Coats (43.9%)  4 – 7 Coats   7 Coats  
B: Slurry Temp  (15.1%)   20 -37 Dg C  37 Deg. C  
C: Impreg. Pressure (2.9)   7 – 20 psi  (Any level) 
D: Roller Gap (6.7)       Low – High   High 
E: Number of Grafts (9.3)  1 – 8 Grafts  1 Graft 
F: Milking (3.8%)       No - Yes  (Any level) 
G: Slurry Viscosity (5.8%)   15K– 45K  15000 C. Poise  
(Note: Level of G: changed to 1 because of influence of CLEANLINESS)
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5. Overall results of porosity indicate that the process modification from NPP to NP-2 or 
NPP-3 changes the performance for the better. The trend of average porosity data shows 
that NPP-2 and NPP-3 performances were about similar but both were significantly better 
(average S/N increased from 12 to >17) than the NPP (see Page 38, Comparison of 
Results from THREE Different Sets) 

 
6. Even though all three processes offer opportunity for elimination of porosity, the 

influence of the same factor to the variability of results differs some what from process to 
process (NPP, NPP-2, and NPP-3, Figures 1, 2 & 3)  

 
7. Because the factors influence the results differently depending on the process, the 

desirable conditions for the factors (optimum condition) are also different (See Table 1 & 
2). For NPP-2, the two most important factors A: Number of Coats at Level-2 and D: 
Roller Gap at level 2 must be set. Likewise, for NPP-3, the most two important factors A: 
Number of Coats at Level-2 (same for all processes) and E: Number of Grafts at Level-1 
must be held. 

 
8. Cleanliness results show that the influences of significant factors (G and B) factors are 

generally opposite to that on porosity. For most desirable cleanliness values, the levels of 
the two most important factors G: Slurry Viscosity (at Level-1) and B: Slurry 
Temperature (at Level-1) are opposite to those required for the porosity results (see Table 
1). Considering that the team consensus weighted porosity as approximately five times 
more important than the cleanliness; the levels for these two factors can be set as dictated 
by the porosity results established in observation #1 above. However, since G: Slurry 
Viscosity has over 68% influence on CLEANLINESS and only about 6% influence on 
POSOSITY, the level of Slurry Viscosity should be set to 15000 CP as dictated by 
Cleanliness results. 

 
9. Analysis (Std. analysis) of NPP data shows that the factors included in the studied had at 

least 65% influences to the variability of porosity. Which means that 35% of the 
influence to the variability of results come from sources not included in the studied 
(controllable and uncontrollable factors and set up, error % in ANOVA, Page 23) 

 
 
Key Observations (Set 1A): 

1. B: Slurry Temperature has the most influence on Porosity. 
2. C: Impregnation Pressure. D: Roller Gap and E: Number of Grafts have least 

effect on Porosity. 
3. Porosity can be almost eliminated by setting production parameters to the 

prescribed optimum condition 
4. Variability can be reduced by about 38% (Std. Deviation reduced, Cpk 

increased) 
 
 
Key Observations (Set 2): 

1. A; Number of Coats has the most effect on Porosity. 
2. F: Milking and G: Slurry Viscosity has least influence on Porosity. 
3. In this case too, Porosity can be reduced to zero by setting production 

parameters to the prescribed optimum condition 
4. Variability can be reduced by about 80% (Std. Deviation reduced, Cpk 

increased) 
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Key Observations (Set 3): 

1. A: Number of Coats has the most influence on Porosity. 
2. B: Slurry Temperature and C: Impregnation Pressure has least effect on 

Porosity. 
3. In this set up also, Porosity can be eliminated by setting production 

parameters to the prescribed optimum condition. 
4. Variability can be reduced by 26% (Std. Deviation reduced, Cpk increased) 

 
 
Key Observations (Set 1B): 

1. G: Slurry Viscosity has the most effect on Cleanliness. 
2. E: Number of Grafts and F: Milking has least influence on Cleanliness 
3. Cleanliness can be significantly reduced (from 280 to 228) by setting 

production parameters to the prescribed optimum condition 
4. Variability can be reduced by 24% (Std. Deviation reduced, Cpk 

increased) 
 
 
Recommendations 

1. Run confirmation tests (at least 20 samples or more) and verify that the 
performance comes very close to the predicted (calculated) optimum 
performance. The confirmation test should be carried out the same way as the 
experimental samples. If you CONFIRM result, you should be satisfied that the 
experiment was successful, and confidently proceed to apply such structured 
approach to study other processes. If you do not confirm, you may need to 
perform additional smaller experiments to adjust for factor interactions or 
robustness studies. 

 
2. Should you decide to incorporate a portion of the NPP-2 and/or NPP-3 processes 

in to your normal production process, review the enclosed data carefully and 
determine the most desirable factor level settings for lesser significant factors. For 
example, if you decide to incorporate NP-3 into your production process, you 
must pay special attention to the levels of the factors D: and E: which may 
contradict the levels suggested by the NPP process results. 
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II. Supporting Detail Findings 
 
 
Factor Influence Data and Factor Effect Graphs 
 

Analyses Type Factors =>       
 A:  B:  C: D:  E: F:  G:  
NPP 31.5  27.8 6.3  0 0 6.8 12.6     
NPP-2 48.75 17.6     2.6     11.4     5.6     0     0     
NPP-3 51.8 0 0  8.7 22.4 5.05 4.8 
Avg. Effects 
On Porosity 
 

43.9 15.1 2.9 6.7 9.3 3.8 5.8 

NPP-C  2.0  10.3 2.5  6.2 0      0  68.15 
 
 
Factors A, B, E, D, and G have significant effects on POROSITY. The optimum levels 
for all are at Level-2, except for E which is at Level-1 as shown below (For main effect 
plots standard analysis with mean results performed.). The levels of factors C: 
Impregnation Pressure and F: Milking may be decided from cost and other 
considerations. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

      4 Coats               (NPP - Mean Porosity, SB)          7 Coats

Desirable 
Level 
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      20 Deg C            (NPP - Mean Porosity, SB)     37 Deg C 

Desirable 
Level 

      15-20 KCP    (NPP - Mean Porosity, SB)      40-45 KCP 

Desirable 
Level 
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      1 Graft       (NPP-3, Mean Porosity, SB)          8 Grafts 

Desirable 
Level 

      Low       (NPP-2, Mean Porosity, SB)                      High 

Desirable 
Level 
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The factors with overwhelming effect of CLEANLINERSS are factor G: Slurry Viscosity 
and B: Slurry Temperature. Its effect is shown from the main effect plot below (Standard 
analysis). Level selection of all other factors has minimal influence. 
 
 
 
 

     15 KCP   (NPP-C,  Mean Cleanliness, SB)        45 KCP 

Desirable 
Level 

          20 Deg C   (NPP-C,  Mean Cleanliness, SB)   37 Deg C 

Desirable 
Level 
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Figure 1: Relative Factor Influence to the Variability of Results (Combined Sets) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Data for Plot Above (Average influence from Std. Dev. & S/N analysis, ANOVA) 
 

Analyses Type Fcators=>       
 A:  B:  C: D:  E: F:  G:  
NPP 31.5  27.8 6.3  0 4.5 6.8 12.6     
NPP-2 48.75 17.6     2.6     11.4     5.6     0     0     
NPP-3 51.8 0 0  8.7 22.4 5.05 4.8 
NPP-C  2.0  10.3 2.5  6.2 0      0  68.15 
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Figure 2: Relative Factor Influence to the Variability of Results (Individual Set) 
 
 

 
 
 
 
 
 
  
 
 
 
 
 

Fig. 2D 
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Figure 3: Factor Influence to the Process/Characteristics 
 
How are the different process & characteristics become influenced? 
Which factors do what to the process characteristics? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 A: # Coats 
 
4 – 7 levels  

B: Slurry 
Temp 
20 -37 Dg C 

C: Impreg. 
Pressure 
7 – 20 psi 

D: Roller 
Gap 
Low – High  

E: # Grafts 
 
1 – 8 Grafts 

F: Milking 
 
No - Yes 

G: Slurry 
Viscosity 
15K– 45K 

Set 1A 
NPP - 
Prosity 

Set 3 
NPP-3 
Porosity 

Set 2 
NPP-2 
Porosity 

Set 1A 
NPP 
Cleanliness 
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Analyses Type Fcators=>       
 A:  B:  C: D:  E: F:  G:  
NPP  
Std. Dev 
 

31.5     27.8 
 

6.3      0 
 

0     6.8 
 

12.6     

NPP/ S/N        
NPP-2  
Std. Dev 

48.75     17.6     2.6     11.4     5.6     0     0     

NPP-2/S/N 
 

       

NPP-3  
Std. Dev 

51.8     0 
 

0      8.7     22.4 
 

5.05 
 

4.8     

NPP-3/ S/N 
 

       

NPP-C  
Std. Dev 

2.0     
 

 10.3     2.5      6.2     0      0     68.15     

NPP-C/S/N 
 

       

Note: Numbers represent average influence of the factors in a Set (Four sets) 
 
 
 
 
 
Table 1B: Desired Factor Levels 
 

Analyses Type F A C T O R S 
 A: # Coats 

 
4 – 7 levels  

B: Slurry 
Temp 
20 -37 Dg C 

C: Impreg. 
Pressure 
7 – 20 psi 

D: Roller 
Gap 
Low – High  

E: # Grafts 
 
1 – 8 Grafts 

F: Milking 
 
No - Yes 

G: Slurry 
Viscosity 
15K– 45K 

NPP/Std. Dev Level-2 Level-2 Level-2 Level -0 Level-0  Level-2 Level-2 
NPP/ S/N Level-2  Level-2 Level-0 Level-0 Level -0 Level-2 Level-2  
NPP-2/Std. Dev Level-2 Level-2 Level-2 Level-2 Level-2 Level-0 Level-0 
NPP-2/ S/N Level-2 Level-2 Level-0 Level-2 Level-0 Level-0 Level-0 
NPP-3/Std. Dev Level-2  Level-0 Level-0  Level-1 Level-1  Level-2 Level-2 
NPP-3/ S/N Level-2 Level-0 Level-0 Level-2 Level-1 Level-0 Level-0 
NPP-C/Stdev Level-1 Level-2 Level-0  Level-0 Level-0  Level-0 Level-1 
NPP-C/S/N Level-0 Level-1 Level-1 Level-2 Level-0 Level-0 Level-1 

Table 1A:     Average Factor Influence  
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Table 2:  Average Influence of Factors and their Desirable Levels 
 
 

Analyses Type F A C T O R S 
 A: # Coats 

 
4 – 7 levels  

B: Slurry 
Temp 
20 -37 Dg C 

C: Impreg. 
Pressure 
7 – 20 psi 

D: Roller 
Gap 
Low – High  

E: # Grafts 
 
1 – 8 Grafts 

F: Milking 
 
No - Yes 

G: Slurry 
Viscosity 
15K– 45K 

 
NPP  
Std. Dev 
 

31.5    
Level - 2 

27.8 
Level - 2 

6.3    
Level-2 

 0 
Level -0 

0    
Level-0  

6.8 
Level-2 

12.6    
Level -2 

 
NPP 
S/N 
 

      
Level -2 

  
Level-2 

     
Level -0

  
Level-0 

  
Level -0 

   
Level-2 

      
Level-2  

 
NPP-2  
Std. Dev 
 

48.75    
Level-2 

17.6    
Level-2 

2.6    
Level-2 

11.4    
Level-2 

5.6    
Level-2 

0    
Level-0 

0    
Level-0 

 
NPP-2 
S/N 
 

 
Level-2 

 
Level-2 

 
Level-0 

 
Level-2 

 
Level-0 

 
Level-0 

 
Level-0 

 
NPP-3  
Std. Dev 
 

51.8    
Level-2  

0 
Level-0 

0    
Level -0

 8.7 
Level-1 

22.4 
Level-1  

5.05 
Level-2 

4.8    
Level-2 

 
NPP-3 
S/N 
 

 
Level-2 

 
Level-0 

 
Level-0 

 
Level-2 

 
Level-1 

 
Level-0 

 
Level-0 

 
NPP-C  
Std. Dev 
 

2.0     
Level-1 

 10.3    
Level-2 

2.5    
Level-0 

 6.2    
Level-0 

0    
Level-0  

 0    
Level-0 

68.15    
Level-1 

 
NPP-C 
S/N 
 

 
Level-0 

 
Level-1 

 
Level-1 

 
Level-2 

 
Level-0 

 
Level-0 

 
Level-1 

Note: Numbers represent average influence in a Set (Four sets), “0” Value for level indicates that the factor is pooled  
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Table 3: Summary Observations 
 

Analyses Type F A C T O R S 
 A: # Coats 

4 – 7 levels  
(% from ANOVA) 
 

B: Slurry 
Temp 
20 -37 Dg 
C 

C: Impreg. 
Pressure 
7 – 20 psi 

D: Roller 
Gap 
Low – High  

E: # Grafts 
 
1 – 8 Grafts 

F: Milking 
 
No - Yes 

G: Slurry 
Viscosity 
15K– 45K 

 
NPP  
Std. Dev 

31.7 19.1 12.5 0 0 8.8 11.6 

 
NPP 
S/N 

30.6 
 
 

36.5 0 0 0 3.7 13.6 

 
NPP-2  
Std. Dev 

42.4 10.4 5.1 14.5 11.1 0 0 

 
NPP-2 
S/N 

55.1 24.8 0 8.3 0 0 0 

 
NPP-3  
Std. Dev 

50.0 0 0 14.1 16.2 10.1 9.6 

 
NPP-3 
S/N 

53.6 0 0 3.3 28.6 0 0 

Avg. Influence 
on Porosity* => 

43.9 15.1 2.9 6.7 9.3 3.8 5.8 
 
NPP-C  
Std. Dev 

3.9 5.2 0 0 0 0 76.3 

 
NPP-C 
S/N 

0 15.3 5.0 12.3 0 0 60.0 

Average Influ. of  
Cleanliness** => 

2.0 10.25 2.5 6.2 0 0 68.15 
* Average of SIX numbers.            ** Average of TWO numbers  
Notes: 
NPP        = Normal Production Process (Porosity Results) 
NPP-2    = NPP without Inspection and Air Porosity 
NPP-3    = NPP without Inspection, Air Porosity, and Sterilization 
NPP-C   = Normal Production Process  (Cleanliness results) 
Std. Dev.  = Analysis performed using standard deviation of results for variability study 
S/N   = Analysis performed using signal-to-noise analysis (for variability and mean) 
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III. Analysis of Results 
 

Project Title:  Study of Collagen Impregnation Critical Factors 
In this study, three separate sets of experiments were carried out. There were eight separate test conditions 
in each set. Results from 20 samples  in Set 1 and Set 3, and 24 samples in each test condition were 
collected. Results comprised of water porosity in all sets except in Set 1 where cleanliness data also was 
collected. 
 
FOUR PROCESS SETUPS 

• Set 1A    (NPP): Normal Production Process - Water Porosity results (Porosity = 
amount of water in ml/sq. centimeter/unit time.) 

• Set 2   (NPP-2): Normal Production Process without Inspection & without Air 
Porosity - Water Porosity result 

• Set 3   (NPP-3): Normal Production Process without Inspection, Air Porosity, and 
sterilization - Water Porosity result 

• Set 1B (NPP-C): Normal Production Process - CLEANLINESS (Time spent in 
seconds to clean the samples ) result 

 
Note: Excess reading from Set 1 were recorded but found to be all zeros. Therefore, 
Excess characteristic was not analyzed. 
 
Planning Meeting, Sept 30, 2003    
Collagen Impregnation Study – Evaluation Criteria 
Criteria  Worst Reading Best   QC  Rel. Weight 
1. Porosity (Cpk)  0.5 2.0  B (Cpk)  70% 
2. Cleanliness  10 0  S  16% 
3.  Excess  8 3  N or S  14% 
 
During the experiment planning sessions, the team identified 29 factors affecting the Collagen 
Impregnation Process. To keep the size of the experiment smaller, seven out of these 29 factors were 
selected for the study by consensus priority. In this meeting, the two levels for each factor, as shown below, 
also were identified. An L-8 orthogonal array was used to layout eight separate experimental conditions 
which were carried out and porosity (in three set ups) and cleanliness (in one set up only) were collected. 
 
Factor and Level Descriptions and the Orthogonal Array  
(Same for all sets of tests as the design and trial conditions remain unchanged) 
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Trial Conditions (Same for all sets of tests) 
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Set 1A: Normal Production Process (NPP) 
 
Set1A: Porosity Results (20 Samples tested in each trial condition) 
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Set 1A: Variability of Results (Between and within trial condition) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Set 1A: Main Effects (Analysis using Std. Dev. and S/N) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Collagen Impregnation Study – Analysis of Results                                  Page 19 of 45 

R.Roy/Nutek, Inc.               www.nutek-us.com            rkr@nutek-us.com                      Date: 3/15/2007 

Plots of Factor Effect (S/N Analysis, Higher S/N value is desirable even when the 
quality characteristic is smaller is better) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

These two plots are same as above. 
All plots are in S/N values. 
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Set 1A: Interaction Information (21 pairs among seven factors, S/N Analysis) 
 
Even though interaction was not an objective of the study, information about possible 21 
interaction is available from the collected data. The indicator SI for each pair of 
interaction indicates the strength of presence of interaction (0 – 100%). This information 
can be used for future studies in the repeat experiments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Collagen Impregnation Study – Analysis of Results                                  Page 21 of 45 

R.Roy/Nutek, Inc.               www.nutek-us.com            rkr@nutek-us.com                      Date: 3/15/2007 

 
 
 
Typical Interaction Plot (S/N Analysis) 
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Set 1A: ANOVA (Analysis using Std. Dev. and S/N)* 
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Set 1A: Identification of Maximum Experimental Error  
              (Analysis using Average only. Error: Set up, Noise Factors, Factors excluded) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Above analysis was done using average of results as indicated by the large number of 
Error DOF. 
 
Maximum Eroor =  35% 
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Set 1A: Optimum Condition (Analysis using Std. Dev. and S/N) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Optimum Condition and Expected Performance (from S/N 
Analysis shown above) 
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Transformation of S/N into measurable data (Units) 
Low and High ends of Expected Performance 
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Factor Contribution Plots (S/N Analysis) 
This stacked graph shows how the optimum performance results from the contributions 
of all the significant factors (Contributions from pooled/insignificant factors are not 
shown) 
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Set 1A: Expected performance & C.I. (Estimated from analysis using standard 
deviation of trial results) 
   
 Porosity: 0 – 0.01 (in the units of measured result) at 90% Confidence Level 
 

 
 
Key Observations (Set 1A): 

5. B: Slurry Temperature has the most influence on Porosity. 
6. C: Impregnation Pressure. D: Roller Gap and E: Number of Grafts have least 

effect on Porosity. 
7. Porosity can be almost eliminated by setting production parameters to the 

prescribed optimum condition 
8. Variability can be reduced by about 38% (Std. Deviation reduced, Cpk 

increased) 
 
 

 
 
 
 
 



Collagen Impregnation Study – Analysis of Results                                  Page 28 of 45 

R.Roy/Nutek, Inc.               www.nutek-us.com            rkr@nutek-us.com                      Date: 3/15/2007 

 

Set 2: Normal Production Process  
(Without Inspection & without Air Porosity - Water Porosity result) 

 
Set 2: Porosity Results (20 Samples tested in each trial condition) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Collagen Impregnation Study – Analysis of Results                                  Page 29 of 45 

R.Roy/Nutek, Inc.               www.nutek-us.com            rkr@nutek-us.com                      Date: 3/15/2007 

 
 
Set 2: Variability of Trial Results (Also shows variability within the trial – Green) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Set 2: Main Effects (Analysis using Std. Dev. and S/N) 
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Set  2: ANOVA (Analysis using Std. Dev. and S/N) 
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Set 2: Optimum Condition (Analysis using Std. Dev. and S/N) 
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Set 2: Expected performance & C.I. (Estimated from satndard deviation Analysis) 
   
 Porosity: 0 – 0.005 (in the units of measured result) at 90% Confidence Level 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
Key Observations (Set 2): 

5. A; Number of Coats has the most effect on Porosity. 
6. F: Milking and G: Slurry Viscosity has least influence on Porosity. 
7. In this case too, Porosity can be reduced to zero by setting production 

parameters to the prescribed optimum condition 
8. Variability can be reduced by about 80% (Std. Deviation reduced, Cpk 

increased) 
 

 
Set 2: Variability of Trial Results (Also shows variability within the trial – Green) 
 
 
 

Set 2: Analysis using Std. Dev. 



Collagen Impregnation Study – Analysis of Results                                  Page 33 of 45 

R.Roy/Nutek, Inc.               www.nutek-us.com            rkr@nutek-us.com                      Date: 3/15/2007 

 

Set 3: Normal Production Process  
(without Inspection, Air Porosity, and sterilization - Water Porosity result) 

 
Set 3: Porosity Results (20 Samples tested in each trial condition, Original results) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Set 3: Variability of Result (Between and within trial condition) 
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Set 3: Results x 100 (For analyses only. Six of 20 sample results shown) 

 
 
 
 
Set 3: Main Effects (Analysis using Std. Dev. and S/N, results x 100) 
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Set 3: ANOVA (Analysis using Std. Dev. and S/N, result x 100) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 



Collagen Impregnation Study – Analysis of Results                                  Page 36 of 45 

R.Roy/Nutek, Inc.               www.nutek-us.com            rkr@nutek-us.com                      Date: 3/15/2007 

Set 3: Optimum Condition (Analysis using Std. Dev. and S/N, result x 100) 
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Set 3: Expected performance & C.I. (Estimated from standard deviation analysis) 
   
 Porosity: 0 – 0.01 (in the units of measured result) at 90% Confidence Level 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key Observations (Set 3): 

5. A: Number of Coats has the most influence on Porosity. 
6. B: Slurry Temperature and C: Impregnation Pressure has least effect on 

Porosity. 
7. In this set up also, Porosity can be eliminated by setting production 

parameters to the prescribed optimum condition. 
8. Variability can be reduced by 26% (Std. Deviation reduced, Cpk increased) 

 
 
 
 
 
 

Set 3: Analysis using Std. Dev. (Result x 100) 
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Comparison of Porosity Results from THREE Different Sets 
The results shown are only six among 20 (24 for set 2). The S/N in each trail was 
calculated based on all results. Comparison of individual trial or average S/N of all trial 
conditions yield some trend of performance variation from Set to set (process changes). 
Comparison of average S/N from all trial condition indicates that Set 2 & 3 is 
significantly better than Set 1A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Set 1A 
NPP 
 
 
 
 
 
 
Set 2 
NPP–2 
 
 
 
 
 
 
Set 3 
NPP–3 
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Set 1B: Normal Production Process – Cleanliness 
Results 
 
Set 1B: Cleanliness Results (20 Samples tested in each trial condition) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Averages of All Trial Results  
(For average performance reference, 6 of 20 results shown)) 
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Set 1B: Variability of Results (Within and between trial conditions) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Set 1B: Main Effects (Analysis using Std. Dev. and S/N) 
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Set 1B: ANOVA (Analysis using Std. Dev. and S/N) 
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Set 1B: Bar and Pie Graphs from S/N Nalysis 
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Optimum Condition (Analysis using Std. Dev. and S/N) 
Based on Std. Dev analysis, variability is reduced from 60 to 18. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Expected performance range is calculated from S/N prediction. 
Low value: 216, High value: 240, Most likely value = 228 units.  (9o% C.L.) 
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Set 1B: Expected performance & C.I. (From S/N Analysis) 
   
 Porosity: 213 - 243 Cleanliness  (in the units of measured result) at 90% CL. 
 
 
 
 
 

 
 

Set 1B: Analysis using Std. Dev. 
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Key Observations (Set 1B): 

5. G: Slurry Viscosity has the most effect on Cleanliness. 
6. E: Number of Grafts and F: Milking has least influence on Cleanliness 
7. Cleanliness can be significantly reduced (from 280 to 228) by setting 

production parameters to the prescribed optimum condition 
8. Variability can be reduced by 24% (Std. Deviation reduced, Cpk 

increased) 
 
 

Set 1B: Analysis using S/N Analysis 


