Study of Collagen Impregnation Critical Factors

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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Analysis of Results

Study of Collagen Impregnation Critical Factors
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I1. Supporting Detail Findings Pages 5-14
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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)

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%) 20-37DgC 37 Deg. C

D: Roller Gap (6.7) Low — High High

E: Number of Grafts (9.3) 1 -8 Grafts 1 Graft

G: Slurry Viscosity (5.8%) 15K-45K 15000 C. Poise

(Note: Level of G: changed to 1 because of influence of CLEANLINESS)

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.
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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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[1. Supporting Detail Findings

Factor Influence Data and Factor Effect Graphs

Analyses Type | Factors =>

A B: C. D: E: F: G:
NPP 315 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 43.9 15.1 2.9 6.7 9.3 3.8 5.8
On Porosity
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.

Average Effects of A: Number of Coat
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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.

Desirable
Level

Desirable
Level
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Figure 1: Relative Factor Influence to the Variability of Results (Combined Sets)
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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 2.6 114 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)
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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?

Page 11 of 45
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A: # Coats B: Slurry C:Impreg. | D:Roller E: # Grafts F: Milking G: Slurry
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Table 1A: Average Factor Influence
Analyses Type | Fcators=>
A: B: C: D: E: F: G:
NPP 315 27.8 6.3 0 0 6.8 12.6
Std. Dev
NPP/ S/N
NPP-2 48.75 17.6 2.6 11.4 5.6 0 0
Std. Dev
NPP-2/S/N
NPP-3 51.8 0 0 8.7 22.4 5.05 4.8
Std. Dev
NPP-3/ S/N
NPP-C 2.0 10.3 2.5 6.2 0 0 68.15
Std. Dev
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 ®) R S
A: # Coats B: Slurry C: Impreg. D: Roller E: # Grafts F: Milking G: Slurry
Temp Pressure Gap Viscosity
4 -7 levels 20-37Dg C 7—20psi Low — High 1 — 8 Grafts No - Yes 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
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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 B: Slurry C: Impreg. | D: Roller E: # Grafts F: Milking G: Slurry
Temp Pressure Gap Viscosity

4 -7 levels 20-37DgC | 7-20psi Low-High | 1-8Grafts | No- Yes 15K- 45K
31.5 27.8 6.3 0 0 6.8 12.6

NPP Level - 2 Level - 2 | Level-2 | Level -0 | Level-0 | Level-2 | Level -2

Std. Dev

IS\I/IIiIP Level -2 Level-2 | Level -0 | Level-0 |Level -0 | Level-2 | Level-2
48.75 17.6 2.6 11.4 5.6 0 0

NPP-2 Level-2 Level-2 | Level-2 |Level-2 |Level-2 |Level-0 | Level-0

Std. Dev

IS\I/IE:IP-Q Level-2 Level-2 | Level-0 | Level-2 |Level-0 |Level-0 | Level-0
51.8 0 0 8.7 22.4 5.05 4.8

NPP-3 Level-2 Level-0 |Level-0 | Level-1 |Level-1 |Level-2 | Level-2

Std. Dev

gT/I;IPB Level-2 Level-0 | Level-0 | Level-2 |Level-1 |Level-0 | Level-0
2.0 10.3 25 6.2 0 0 68.15

NPP-C Level-1 Level-2 | Level-0 | Level-0 |Level-0 |Level-0 | Level-1

Std. Dev

gT/IP:IP-C 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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Analyses Type F A C T O R S
A: # Coats B: Slurry | C: Impreg. D: Roller E: # Grafts F: Milking G: Slurry
4-17 levels Temp Pressure Gap Viscosity
(% from ANOVA) | 20-37Dg | 7-20psi Low-High | 1-8Grafts | No-Yes 15K- 45K
C
317 19.1 12.5 0 0 8.8 11.6
NPP
Std. Dev
30.6 36.5 0 0 0 3.7 13.6
NPP
S/N
42.4 104 5.1 145 111 0 0
NPP-2
Std. Dev
55.1 24.8 0 8.3 0 0 0
NPP-2
S/N
50.0 0 0 14.1 16.2 10.1 9.6
NPP-3
Std. Dev
53.6 0 0 ) 28.6 0 0
NPP-3
S/IN
Avg. Influence 43 9 151 29 6.7 9.3 3.8 5.8
on Porosity* =>
3.9 5.2 0 0 0 0 76.3
NPP-C
Std. Dev
0 153 5.0 12.3 0 0 60.0
NPP-C
S/IN
Average Influ. of | 9 0 10.25 | 2.5 6.2 0 0 68.15
Cleanliness** =>

* Average of SIX numbers.

Notes:
NPP
NPP-2
NPP-3
NPP-C
Std. Dev.
S/N

** Average of TWO numbers

Normal Production Process (Porosity Results)
NPP without Inspection and Air Porosity

NPP without Inspection, Air Porosity, and Sterilization
Normal Production Process (Cleanliness results)

= Analysis performed using standard deviation of results for variability study
= Analysis performed using signal-to-noise analysis (for variability and mean)
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I11.  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

e Set1A (NPP): Normal Production Process - Water Porosity results (Porosity =
amount of water in ml/sg. centimeter/unit time.)

e Set2 (NPP-2): Normal Production Process without Inspection & without Air
Porosity - Water Porosity result

e Set3 (NPP-3): Normal Production Process without Inspection, Air Porosity, and
sterilization - Water Porosity result

e 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)

e Ls | Arvay Type: [ Q)

& & of Coats

B: Sl T 250C 3ITC L 2]3]4]o]6]7
: EIMPETa

T _ _ P01 11111
C: Irpregnation P 10 psi 27 psi 1 1 1 2 2 2 2
D: Rioller Gap 1.5" 1.a" 1 3|2 1 1 R
E: # of Grafts Th 1 4 atacked 1 202 22 1 1
F: Ililking present ahsent 2 (112|121 ]2
G Shury Viscosi 15-20 kep 40-45 keps 20102 21 21
202011221
202121 1|2
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Trial Conditions (Same for all sets of tests)

tial Condition 1 (Random order for minning this Trial is 4 tial Condition 2 (Fandom order for running this Trial is )

Factors

& Mumber of Coats 4 Lewel 1 B & Humber of Coats 4 Lewel 1
B:Elarry Temperat 25 DegC | § B:3lutry Temperat 25 DegC 1
Cilmpreghation Pr 10 Pl 1 B T Impregnation Pr 10 Pal 1
[ Roller Gap 151 inch 1 8 D: Roller Gap 1 6inch 2
EHumber of graft 1 graft | B ENumber of graft 4 grafts stac 2
F Iiilking Ha 1 8 Flilking Yes 2
Grflutry Viscosit 15-20K. CP | B O:Blurry Viscosit 40-45K CP3 2

rial Condition 4 (Random order for manting this Trial 15 4

Factors Factors

&:Humber of Coats 4 Lewel 1 | &:MHumber of Coats 4 Lewvel 1
B:Slutry Temperat 37 DegC 2 | BBlurry Temperat 3T DegC 2
CImpregnation Pr 20 Pl 2 | ClImpregnation Pr 20 Pl 2
D: Roller Cap 1.51 inch 1 §D: Roller Gap léinch 2
E:Muuber of graft 1 graft 1 | E:Mumber of graft 4 grafts stac 2
FIilking Tes 2 | FMiking Ho 1
GrSlurry Viscosit 40-45E CP3 2 | GElurry Viscosit 15-20K CF 1

tial Condition 5 (Random order for manning this Trialis 3) rial Condition @ (Fandom order for munning this Trial iz 1)

Factors Lewvel Description [Lewvel 8§ Factors Lewvel Description [Lewvel #
& Humber of Coats T Lewel 20 & Humber of Coats 7 Lewel 2
BBty Temperat 25DegC 1§ BBy Temperat 25DegC 1
CImpregnation Pr 20 P3El 24 Cilmpregnation Pr 20 Pl 2
D: Foller Gap 1.51 inch 1§ D Roller Gap 1 éinch 2
E:MHumber of graft 4 grafts stac 2 EHumber of graft 1 graft 1
F:hidking Mo 1§ F:hlilking Wesg 2
C3lurry Viscosit 40-45E CPa 2 GiBlurny Viscosit 1520 CF 1

tial Condition 8 (Random order for runtitie this Trial iz )

ral Condition ¥ (Random order for running this Tral 1z 5)

Factors Factors

& Humber of Coats T Level 28 & Humber of Coats 2
B3ty Temperat 37 Degl 2l B:Slurry Temperat 3f DegC 2
Cimpregnation Pr 10 P21 1§ C:lmpregnation Pr 10 P2l 1
D: Roller Gap 1.51 inch 1§ D Roller Gap L6 inch 2
E:Mumber of graft 4 grafts stac 2§ EMumber of graft 1 graft 1
Flilking Tes 2§ Fhlillang Mo 1
ChShurry Viscosit 15-20K CP 1§ GSlurry Viscosit d0-45E CF3 2
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SetlA: Porosity Results (20 Samples tested in each trial condition)
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Sarple# S Sarple#9  Saraple 10

3383
0561
0022
0909
0.165
028

0014
0.001

Sarmleft ] Sammle#d  Samwle#d  Samwle#d  Sawmle# S Sample#d  Sawmleff
Trald 1 3633 3021 3909 1534 3625 4345 .54 387 3dds
Trald 2 |0.366 0.5% 0782 1094 1366 2437 0.689 431 1971
Trald 3 |0.001 0.108 0.003 0 0.0%91 0.007 0.0 0.006 0037
Trald 4 0447 0231 0.203 0.403 0.909 0361 0557 0394 0733
Trialéf 5 |0 0.102 012 0.083 0055 0231 054 0216 0245
Tuald g |0.135 0252 0.093 0383 0.121 0,694 0146 0075 0293
Trald T (0111 0082 0.075 0.034 0082 0022 0.0% 0.0% 0.063
Tralf 3 |0 I 0 0.0z9 0 0.133 0 0.007 0
ISamnle# 11 Sarmle#f 12 Sample# 13 Samwle# 14 Sarnle#f 15 Sawnle#f 16 Sammle#f 17 Sammle# 15 Sample# 19 Samwles 20
1595 1413 0747 1377 1435 1023 2201 2274 1.566 158
0.2 0216 0.44 0671 0.694 0.533 0.66 0.361 042 0.147
0.007 0.031 0.01% 0.003 0.103 0.003 0.01% I 007 0.044
0.19 0.133 0703 0.161 0613 0.497 036 0.447 2274 0.649
0231 0.156 0227 0.104 0.141 0,097 0.149 0284 0203 0326
0.153 0.123 0011 0013 0.136 018 0.031 0.007 0.145 0233
0.166 0.151 0.053 0 0075 0.044 0.02 0.0z% 0022 0014
0.007 0 0 002 00 0017 0 0.007 0087 I

it e,

1696

0418
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Set 1A: Variability of Results (Between and within trial condition)

¥ Result Range Graph Qualitek-4

Trial Results

1] 2 4 ] 3

(Date: 2/15/2004-File NEVWS 1A, Q4]

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

Average/GtDev. Values S/ Ratio
Smaller is Better Smaller is Better
Column # / Factors Lewel ] Level 2 Colurin # / Factors Level | Lewel 2

1 A Humher of Coat 03 % 1 A Humber of Coat 4553 1954
2 B: 3oy Tempera 639 145 2 B: Shary Tempera %4 20178
3 C: Impregnation P 508 186 3 CImpregnation P 9543 14.149
4 D: Roller Gap 465 318 4 D Roller Gap 13268 10,224
5 E: Humber of Gra A21 203 5 E: Number of Cra 1439 9702
é F: Milking 57 214 6 F: Milking 8354 15238
T & Blurry Viscosi 91 192 7 O Blarry Viscosi f254 17738
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Plots of Factor Effect (S/N Analysis, Higher S/N value is desirable even when the
quality characteristic is smaller is better)

rurn L.,
MEWE1 A Q4% O type - Bmaller is Better Drata tyrpe - 509 Ratio Help

A Murber of Coat B: Slurry Tempera C: Impregnation P

D: Roller Gap E: Murmber of Gra F: Milking

E: Mumhber of Gra F: Milking G: Slurry Yiscosi

These two plots are same as above.
All plots are in S/N values.

B: Shory Tempera O [rapregnation P D Roller Gap E: Murher of Gra  F: Wilking G Shunry Wiscosi
Level 1 3914 0943 13268 1439 8854 6854
Level 2 20178 14149 10524 9702 15238 17238
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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 Sl 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.

& TRy

1 :RD]lerGap xE: Number of Gra 4x 5 Ta.17| 1 [2.1] L
2 D Roller Gap x F: Milking 4 x & T1E1| 2 [L,2] |
3 & Impregnation P x D Roller Gap 3x 4 Tl.1a| 7 [2.1]

4 |E: Mumber of Grax G Slurry Viscosi Sx 7 G1.03 2 [1.2]

5 F: Milking x G Slutrsy Viscosi ax 7 5007 1 [1.2]

6 |2 Impregnation P xE: Humber of Gra Ix 5 57E5 6 [2.1]

7 & Mumber of Coat x C: Impregnation P lx 3 204 2 [2.1]

2 |B: Bluny Tempera x C: Impregnation P 2=z 3 47050 1 [2.1]

9 | Impregnation P x F: Milking ix & 4234 5 [2.2]
10 & Muamber of Coat x F: Ililking lx & 40921 7 [2,1]
11 |B: Blurry Tempera x E: Number of Gra 2=x 5 3zoal T [2.1]
12 |E: Mumber of Grax F: DMilking S5x & roal 3 [1.2]
13 |D: Roller Gap x G Sharry Viscosi 4x 7 83 3 [1.2]
14 |B: Sharry Tempera x D Roller Gap 2x 4 2818 @& [2.1]
15 |&: Humber of Coat x G Sluery Viscosi 1= 7 2518) a [2.2]
16 |4 HNumber of Coat x D Roller Gap 1x 4 2382 5 [2.2]
17 |B: Slurey Tempera x G Slurey Viscost 2x 7 17591 5 [2.2]
18 |2 Impregnation P x G Slurry Viscost 3Ix 7 1675 4 [2,2]
19 |&: Mumber of Coat x B: Slurry Tempera 1x 2 1348 3 [2.2]
20 |A: Number of Coat x E: Mumber of Gra lx 5 12420 4 | [21]
21 [B: Slury Temperax F: Milking 2x & 1079 4 [2.2] E
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Typical Interaction Plot (S/N Analysis)

Interaction Between B: Sy Tempera and E:
Number of Gra

H1¥1:1.06
V1270

1TV 674
VI 1264

Levels of Factor () - B: Slurry Tempera
(Date: 2/15/2004-File NEWWS 1.4, QdWY)

Interaction Between E: INumber of Gra and F:
Milking

=D
fa]
T

Levels of Factor (X} - E: Mumber of Gra
(Date:2/15/2004-File NEWYS 1.4 Q44 )
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Collagen Impregnation Study — Analysis of Results

Set 1A: ANOVA (Analysis using Std. Dev. and S/N)*

Expt. File: HE

b8 & verage/St.Dev. Values
£

| Fiint
Help

Page 22 of 45

Sum of Sqrs. F - Ratio Percent
Col &/ Factor ] =y (¥ (F) (=] Pr%0
1 &: Mumber of Coat 1 TT5 TT5 14.553 712 31681
2 B: Slutry Tempera 1 AZE ARE 9.154 A34 19062
3 C: Impregnation P 1 330 330 6364 286 12.54
4 I Roller Gap (1 043 POOLED [(CL=*NC*)
5E: Humber of Gra (13 (063 POOLED ((CL=100%0)
6 F: Milking 1 253 253 4759 2 2787
T G Blutry Viscosi 1 317 317 5057 2 11528

Other/Error

Expt) File: HEW

DOF | Sum of Sors. | Vatianice F - Ratio Pute Sum Petcent
Col # / Factor (f) [a) (V) (F) (=) F( %)
1 A: Mumber of Coat 1 440 3232 440 3332 1474 415788 30441
2 B:Bhuery Tempera 1 529072 529072 17383 495 637 36.483
3C: Impregnation P Y] (353910 POOLED [(CL=100%b)
4 D: Follet Gap (1) (11.945) POOLED |(CL=*NC*)
5E: Number of Gra (1) (43 D6 POOLED ((CL=T424%
6 F: Milking 1 2152 3152 1873 51.085 3737
TG Blurry Viscosi 1 215628 215628 T.084 185,193 13.549

CitherEmor

o1 304 |

30434

T otal:

1566748

100.00%

R.Roy/Nutek, Inc.

www.nutek-us.com

Factor:

F: Milking

Confidence Level= 8392

Pool this factor?

rkr@nutek-us.com
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Set 1A: Identification of Maximum Experimental Error
(Analysis using Average only. Error: Set up, Noise Factors, Factors excluded)

FIANOVA Table

Expt. File: HEX

g

aum of Sgrs. Fercent
Col# / Factor (£ (a0 (V) (F) (3 Pl %)
1 &: Humber of Coat 1 40.134 40.134 91428 39695 19621
2 B: Blurry Tempera 1 30961 30.961 70.533 30522 15087
3 C: Impregnation P 1 22192 22192 50.555 21753 10752
4 D: Roller Crap 1 5 A06 5 A06 12773 5168 1534
5E: HNumber of Gra 1 4905 4995 1138 4.556 2252
& F: Milking 1 15331 15231 34898 14792 7312
TG Blurry Viscosi 1 16 454 16.454 37434 16015 7916

Cither/Error

Total: 158 202299 100.00%

Factor:  E: Mumher of Gra

Confidence Level = 9292

Pool this factor?

“'as [ [u]

Above analysis was done using average of results as indicated by the large number of
Error DOF.

Maximum Eroor = 35%

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




Collagen Impregnation Study — Analysis of Results

Set 1A: Optimum Condition (Analysis using Std. Dev. and S/N)

Expt. File: WEWE1 A OV

BEVERE ) A verage/Dt Dev. Values

Amaller is Better

Page 24 of 45

Columin # f Factor Lewel Description Lewel |Comntribnation
1 A: Humber of Coat 7 Levels 2 -312
2 B: Blurry Tempera 3 DegC 2 248
3 C: Impregnation P 27 psi 2 -206
6 F: Milking Tes 2 - 179
T G Blurry Viscosi 40-45 keps 2 -2
Total Contribution From All Factors. . -1.144
Cugrent Grand Average Of Performance. 392
Expected Result At Optitoam Condition.. - 753
Expt. File: NEWS1A T DiataType

Colum # f Factor Lewvel Description Lewvel |Contribution

1 & Humber of Coat T Levels 2 7.493
2 B: Blurry Tempera 3 DegC 2 2132
6 F: Milking Tes 2 3192
TG Shorty Viscosi 40-45 keps 2 5191
Total Contribution From Al Factors. . 24007
Cutrent Grand Awerage Of Petformance. . 12.044
Expected Eesult At Optitoam Condition. . 36.054

Optimum Condition and Expected Performance (from S/N

Analysis shown above)

R.Roy/Nutek, Inc.

www.nutek-us.com

rkr@nutek-us.com

Date: 3/15/2007
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Transformation of S/N into measurable data (Units)
Low and High ends of Expected Performance

Eq Confidence Interval Qualitek-4

| Transformation of C.I. in 5/ - Low Value | Transformation of C.I. in 5/ - High Yalue

E Int File: NEWE1A Q40 E Int File: IIET".'_‘L---;I J4TAF

B ST Fatio
8 Smaller iz Better

=H g

/107 = 0.000058

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

9 Factor Contributions - Stacked Graph Qualitek-4 |:||
Print

Optironmn Performance With Wajor Factor Contributions |

13.48

B Col&-F: Milking i
Tatal Contribution

B Col 7- G Slurry
Yiscosi

Col1 - A Mumber
of Coat

I Col2-B: Slurry
Tempera

10.84 B Grand Average

Ay 2 1 T f - (Total)

(Date: 215/2004-File: NEVYS 1A 4V

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




Frequency Distribution
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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

Wariation Feduction Plot | Cancel [t
(Bazed on fzsuraed Mommal Perdfonmance Distributons: Curment we . Irnprosed)

Flotting Parameters

—— — B
Current Condition Mewdmproved Condition Curent Condition
u S/M ratio Ii
50 ; // \\ fuwverage
400 E \ Std.Deviation
F \ Cp| Cpk |
250
o / h\\\\ Target Vahie
200+
s y \ ac |
250 Improved Condition
r S/M ratio Ii
=00 o / / \"\ fuverage
180 - 7 Std.Deviation
100 : /| / \\ Cp| Cpk |
F / f/ \\ IsL [Zes4
&0
Eo| kel e I ar et \ ugL Hsk
o _k 1| [ | L ﬁavings
-3 -2 -1 a 1 2 e} L

Measured Resutts(y) [Expt. File: NEWS & Q400 Qualitek-4, 24 512004 |

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)

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




Collagen Impregnation Study — Analysis of Results

Set 2 Normal Production Process

Page 28 of 45

(Without Inspection & without Air Porosity - Water Porosity result)

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

Sarnmledf 1 Sarmtles 1 Samble# 3 Samble# 4 Samwple# S5 Sample# 6
3108 2059 3486 5397 1834 4402
0.525 1.247 0606 1609 0385 0.537
ool 0.0ze 0 0.007 0 0023
007l 0.0ze 0.0o7 0238 0.117 0.134
0052 0.124 0.0ze 0.043 0.04 0122
0213 0.0a2 0035 0.1461 0.074 0.067
.00z 0001 0.0z 0.01 0.034 0.071
0 0 0.0o7 0 0 0.003

Sammles# ¥ Sarnled# 2 Samblesf 3 SarnbleF 10 SamwpleH# 11 Sammples 1.

1 542 3742 3683 2487 1877 2EQ5

028 0737 0422 0.733 0387 1.447

0 0 0.003 0 0.003 0

0.1 0.153 0.044 0.0e 0.0a1 0.153

0.059 0.ogss 0.071 0025 0.036 0.05a

0.021 0134 0.172 0.0z9 0.1ya 0.073

0.002 0101 0.001 001 0.003 0

0 0 0.003 0 0 0.004
ISamt:ule# 123 Samwle# 14 Sarnwle# 15 Sarnple# 16 Sammple## 17 Sarple# 15

1289 09Es 1280 2578 1 204 1 234

0197 0209 0.53 0.186a 0234 0424

0 o014 0.003 0.0o7 0.001 0.0o07

0.0z1 0092 0061 0.549 0.ary 0.1s1

0337 0454 0.067 0.206 0.021 0oz

0052 0.036 0.007 0.111 0.0s52 0.0s7

0 0.003 0 0.0o7 0 0.0o07

0001 a a 0 o o

4 *

Sample# 19 Sample# 20 Sample#2]1 Sample# 22 Sample# 23 Sampled# 04  MEEUEUELES

11 0963 3033 2745 0.aE2 1 592

0azl 0933 0.a0a 0.5%6 0261 0.533

0001 0o1s 0 0ol 0 2302

0.1 0129 0031 022 0.166 0366

0049 0.0z 0.106 0.ose 0071 004

0.104 0074 0053 0.047 0ois 0ozz

0 0 0007 002z 0.0z 0007

a a a a a a

1 .

R.Roy/Nutek, Inc.

www.nutek-us.com

rkr@nutek-us.com

Date: 3/15/2007
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Set 2: Variability of Trial Results (Also shows variability within the trial — Green)

Trial Results

0 1 2 3 4 2 G

(Date: 2M15/2004-File: NEWVWS2 Q4W)
e T e L R e

Set 2: Main Effects (Analysis using Std. Dev. and S/N)

Averagefit Dev, Values ' A Fatio
Smaller iz Better Stmaller iz Better
Column & / Factors Level | Level 2 Column # / Factors Lewel Lewvel2

1 &:Humber of Coat 347 044 1 A:Humber of Coat 368 30211
2 B: Blutry Tempera A3 161 2 B:Bharry Tempera 7978 26.512
3 C: Impregnation P 399 193 3 C: Impregnation P 20052 14.439
4 D: Eoller Gap 45 14 4 I Roller Gap 11 567 22924
5 E: Humber of Gra 434 158 5 E: Number of Gra 12166 16.325
f F:Miking i 235 & F: Milking 19382 15129
7 G Blutry Viscos 351 24 7 G Blurry Viscost 14256 20204

R.Roy/Nutek, Inc. www.nutek-us.com rkr@nutek-us.com Date: 3/15/2007
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Set 2: ANOVA (Analysis using Std. Dev. and S/N)

RGN R ToN & rerage /St Dev. Values

| Fiint
Help

B
DOF| Bum of Sgrs. | Watance F - Ratio Pure Sum Percent
Col# f Factor (£ [3) (] (F) aE (%)
1 &: Humber of Coat 1 506 S06 18520 A79 42373
2 B: Slutry Tempera 1 144 144 2372 117 1039
3C: Impregnation P 1 024 024 3148 057 5l
4 D Roller Gap 1 19 19 TO85 163 14 462
5E: Number of Gra 1 152 152 5675 125 11.112
6 F: Milking (1 (025 POOLED |(CL=100%a)
TG Blurry Viscosi (1 (024 POOLED [(CL=*NC*)
CitherError 16.583
Total: 7 1.131 100.00%
QC Type: o
DOF | Buan of Bgrs. | Vardatice F - Ratio Pure Sum Percent
Col# f Factor i =) ] (F) = PL%)
1 & Number of Coat 1 147219 1472.196 33510 1422 276 55085
2 B: Blurry Tempera 1 B27.013 6E7.013 15642 645 093 24802
3C: Impregnation P (1 (63017 POOLED ((CL=81.75%
4 I Rioller Grap 1 257 956 157 056 5ETS 214036 354
5 E: Number of Gra (1 (6.778) POOLED [(CL=*NC*)
6 F: Milking (13 (33231 POOLED |(CL-100%)
T O Blurry Viscosi (1 (70.053) POOLED ((CL=T2.06%
OtherError
Total: 7 2592.845 100.00%

R.Roy/Nutek, Inc. www.nutek-us.com rkr@nutek-us.com Date: 3/15/2007
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Set 2: Optimum Condition (Analysis using Std. Dev. and S/N)

Eaxpt. File: TTEW

IEVERIRNAT & verage/Tt.Dev. Values

Page 31 of 45

Column # £ F actor Lewvel Desctiption Lewvel |Conttibution

1 &: HNumber of Coat T Levels 2 - 252
2 B: Bharry Tempera 3T Deg 2 -135
3 C Impregnation P 27 psi 2 -103
4 D Roller Grap 16 inch 2 - 155
5 E. Number of Gra 4 graf sthd. 2 -139
Total Contribation From Al Factors... -785
Cutretit Grand Average Of Petformance. . 296
Expected Result At Optitoun Condition.. - 458

Expt. File: NEWR2 04

DataType
Qc

Help

R.Roy/Nutek, Inc.

www.nutek-us.com

rkr@nutek-us.com

Column # f Factor Lewel Description Lewel |Contribnation

1 & Humber of Coat T Levels 2 13 565
2 B: Blurry Tempera 3 DegC 2 0 266
4D Foller Gap 1dinch 2 SATE
Total Contribution From Al Factors... 28 509
Cuatrent Grand Average Of Petformance... 17245
Expected Eezult &t Optitoam Condition. . 45754

Date: 3/15/2007
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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

Set 2: Analysis using Std. Dev.

. Performance Distributions - Current & Improved Qualitek-4 EJE|E|
Vanation Reduction Plot | Cancel [ZEEi:
(Bazed on A=zumed Hommal Pedfonmance Distributions: Surrent v, Irnprosed) Plutting Parameters
— — B
Currert Condition Mewdmproved Condition Curent Condition
3 S/ ratio
N i
T / \ Average
L Std. Deviation
[sjulu}
C / \ Ep| Cpk |
= C
= 500
E . Target Vahe
E C GC |
Ei T Improved Condition
§ r 5/M ratio
=
EJ— 300 : / \ Average ,7
- L },/ ‘\ Std. Deviation
200
- / / y \ Cp| Cek |
100 // / I, \\ LsL
L KelB // / I arget \ Ll
D_Wm::mm. .....mumwﬁ“‘ Savings| 9.4 Cents/$1 Loss
30 .25 .20 <15 10 05 @0 05 18 15 20 25 30
Measured Resultsiy) [Expt. File: MEWSZ Q40 Qualitek-4, 24 52004 ]

Key Observatlons (Set 2):
A; Number of Coats has the most effect on Porosity.
6. F: Milking and G: Slurry Viscosity has least influence on Porosity.
7. Inthis 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)

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




Trialf 1
Trialé 2
Trialf 3
Trialff 4
Trialff 5
Trialéf 6
Trialdf 7
Trialéf 2

Collagen Impregnation Study — Analysis of Results

Page 33 of 45

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)

Sarmmle# ] Samnle#2  Samnle#  Semwple$fd  Sample# 5 Samplefff @oample#V  Sawwlet s Saranle#8  Sawwnle# 10
0.036 noig 0.0& no14 0073 0.1z 0.063 0.025 0012 0043
0014 0083 0162 noiz 1l 0053 0.021 0.003 0.044 0.08%

[ 1l 1l 1l 1l 1l 0 0 0 0

0.007 nole 0003 nnlz 00a1 nnolz 0.019 0.003 0.003 0.0

] 1] 0003 1] 0 0 0.003 1] ] 0

] 1] 1] 1] 1] 1] 0 0 1] 1]

] 1] 0003 1] 1] 1] 0 0 0 1]

] 1] 1] 1] 1] 1] 0 0 n 1]

ISa.mnle#ll Sarmle# 12 Sample#13  Sarawle#f 14 Sawwle#flS  Sammlegf 16 Sarmmle# 17

Sarmple# 12 Sammle# 19 Sammlef 20

0019
0.022
]
0113
]

]
]
0

n.o14
0.065
1]
0.043
0.003
1]
1]
1]

n.o17
0.044
0.003
n.o11
0.006
1]
1]
1]

0.007
0.066
a
0.0z
a

a
a
0

0.096
0.006
n
0.144
n

n
n
0

0.0z 0.0a7
naoiz 0.019
1] 0
0271 0.0
1] 0.003
1] 0
0.003% n
0 ]

0.039
0.003
0
0.0a7
0

0
0
0

0.049 0.081
0.003 0.027
0 0
0.063 0.176
0 0
0 0
0 0
0 0

L]

Set 3: Variability of Result (Between and within trial condition)

R.Roy/Nutek, Inc.

Trial Results |

fnn

nna

www.nutek-us.com

nan

ni1a n=an

naa

rkr@nutek-us.com

na=n

Date: 3/15/2007



Collagen Impregnation Study — Analysis of Results Page 34 of 45

Set 3: Results x 100 (For analyses only. Six of 20 sample results shown)

LoveragefBt.Dev. Values ar.
[Smaller is Better | CEREE
Help
Frint

Sarnplef ]l SammmleH# 2 SamwleH# S Saraple#d  Sawmmle# S SammleH 6

Tralfl |34 19 f 14 T3 13
Trialf 2 |14 23 16.2 12 n 53
Trial#3 |0 1] 1] 1] 1] 1]
Tralfd 07 19 03 12 5l 12
Tral#5 |0 1] 03 1] 1] 1]
Tral#é |0 1] 1] 1] 1] 1]
Tral#T |0 1] 03 1] 1] 1]
Tral#2 |0 1] 1] 1] 1] 1]
4 3
Graph

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

Column # f Factors Level 1 Level 2 Colummn # f Factors Level 1 Lewvel 2
1 A:Humbet of Coat 3615 065 1 A:Wumber of Coat -6.146 43723
2 B: Zlurry Tempera 136 1.821 2 B Blurry Tempera 13842 23735
3 ¢ Impregnation P 134 1.241 3 C:Impregnation P 15347 2223
4 D: Roller Gap E0A 2784 4 Dn: Roller Gap 11.043 26,5335
5 E: Mumhber of Gra 23 285 5 BE: Mumber of Gra 37319 258
6§ F: Lilking 2438 1.043 6 F:Milking 12814 24762
7 G Slurry Viscosi 2619 1062 T G Blury Viscosi 14331 23256

R.Roy/Nutek, Inc. www.nutek-us.com rkr@nutek-us.com Date: 3/15/2007
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Set 3: ANOVA (Analysis using Std. Dev. and S/N, result x 100)

Expt File: HEWREM (W

BEERy s S verage/ Tt Dev. Values
QF Type;

| Frint
Help

Page 35 of 45

LCancel

Sum of Sqrs. F - Ratio Pure Sum

Col# /Factor (£ [3) ] (E3 (3 PC% 0

1 &: Humber of Coat 1 25204 25204 17005375 25203 40 971
2 B: Blurry Tempera (1 002y POOLED ((CL=100%0)

3C: Impregnation P (1 (i POOLED [(CL=*NC*)

4D Foller Gap 1 7129 7.129 431051 7125 14134
5E: Humber of Gra 1 216 2la 550521 2159 16.177
& F: Milking 1 5093 5093 3436302 5.091 10095
T G Blutry Viscosi 1 4244 4244 3268303 4843 9401

Cither/Error

o1 |

Total:

50.435

100.00%

Expt. File: HE

e

Sum of Bgrs. [ Watlance F - Ratio Pure Sum Percent
Col# / Factor (£ (30 (¥ (F) (=) P(% )
1 A Humber of Coat 1 4973809 4973509 7047 4759916 334
2 B: Blurry Tempera (1 (195740 POOLED ((CL=TD.68%
3 C: Impregnation P (1) (94.74%) POOLED |(CL=*NC*)
4D: Roller Gap 1 479 984 479 984 241 286091 3313
5E: MNumber of Gra 1 2747042 2747042 14938 236315 28 A2
& F: Milking (1 (285401 POOLED |(CL=T825%
TG Blurry Viscosi (1 (159683 POOLED |(CL-100%a)

OtherEror

Total:

R.Roy/Nutek, Inc.

7 2555408

www.nutek-us.com

rkr@nutek-us.com

100.00%

Date: 3/15/2007
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Set 3: Optimum Condition (Analysis using Std. Dev. and S/N, result x 100)

Expt. File: TEW

BENERIR A verage/ St Dev. Values

Qc

Column # f Factor Lewel Description Lewel |Conttibnation

1 &: Humber of Coat T Levwels 2 -1.775
4D Roller Gap 1.51 inch 1 - 945
5 E. Mumber of Gra 1 graft 1 -1m
6 F: Milking Tes 2 - 798
TG Blurry Viscosi 40-45 keps 2 -179
Total Contribution From AQFactors.. -5.307
Cutrent Grand Awverage Of Performance. 124
Expected Fesult At Optitnam Condition. . -5.467

Expt. File:ME%

Jata Type
:

Columin # f Factor Lewrel Description Lewel |Comntribution
1 A: Humber of Coat ¥ Levels 2 24034
4 D Roller Grap 1.6 inch 2 T.745
5 E: Number of Gra 1 graft 1 1253
Total Contribution From AN Factors. . 51.209
Cutrent Grand Average Of Petformarnce. 15759
Expected Eezult At Optitoam Condition.. (3 995

. Transformation of Performation at Optim

Expt File: HMEWA

Date: 3/15/2007

rkr@nutek-us.com
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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

Set 3: Analysis using Std. Dev. (Result x 100)

Vanation Reduction Plot | Cancel [ZEBi:
(Bazed on Assurned Monmal Perforrnance Distributons: Current vs. [rnpoosaed)

Plotting Parameters

— —— B
Currert Condition Mewdmproved Condition Curent Condition
L 5/M ratio
00 /’/' N fwerage
E Std. Deviation
280
. an \ Cp| Cok |
S @00 T / AN TagetVae [0 0
E E Z} \\ arget Wahe
F 280 | LC |
Ei o Improved Condition
§ 200 : 5/M ratio
;"— 150 E \ Bwerage
- r // \\ Std.Deviation
100 £ R Cp| Cok |
| // AN o -
a0
Eo| el y [ anget \NCL Rl
o Sl Lo e b Do e aml e
-3 2 1 u} 1 2 3 4

Measured Resultsty) [Expt. File: MEWSIX Q4% Qualitek-4, 21 52004 ]

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. Inthis 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)

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

Sammle# 1 SamnleH 2 Sammple# s Sammple#d  Sammle# 5 Sarnle# 6

Set 1A Trial# 1 [3653 3.021 3,909 2834 3.625 4325
NPP Trial# 2 |0.566 0.556 0.782 1.054 1.566 2337
Trial# 3 [0.001 0.106 0.003 0 0.051 0.007
Trial# 4 |0.447 0.231 0.203 0.403 0.909 0.361
Triald 5 [0 0.102 0.1z 0028 0.055 0.231
Trial 6 |0.132 0.252 0.095 0385 0121 0.654
Trial# 7 [0.111 0.082 0.075 0,034 0.089 0.022
Trial# g |0 0 0 0,029 0 0133
4 *

Sarnmlefl  Sawmmle# 2 Samble# S Sarwle#d  Sammwle# S Sample# 6

Trial#1 ([3.108 2099 3.466 5.397 1534 4.402
Trial# 2 [0.525 1247 0606 1.609 0.385 0.537
Set 2 Trial# 3 |0.011 0023 1] 0.007 n 0.023
N P P_2 Trial# 4 |0.071 0023 n.0a7 0.23% n.117 0.136
Trial# 5 [0.052 0124 0.02% 0.043 0.04 0.122
Trial# 6 [0.213 0063 0.035 0.161 0.074 0.067
Trial# 7 (0.003 0.0o1 0.003 0.01 0.034 0.071
Trialf 2 [0 n 0.007 0 n 0.003
4 [

Sarnplef l  SammleHfd Sarawle#d  SammleH# A Samwle# S Sammle# 6

Trialtt 1 |0.036 0.019 0.06 0.014 0.073 0.13
Trialtt 2 |0.014 0.083 0.162 0.012 0 0.053
Trialt 3 |0 0 0 0 0 0
Trialét 4 |0.007 0.019 0.003 0.012 0.051 0.012
Set 3 Trialét 5 |0 0 0.003 0 0 0
NP P_3 Trial#é [0 0 0 0 0 0
Trialt 7 |0 0 0.003 0 0 0
Trialt 2 [0 0 0 0 0 0
L | *
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Set 1B Normal Production Process — cleanliness

Results

Set 1B: Cleanliness Results (20 Samples tested in each trial condition)

Sarnplef 2 Sammle# 3 Sample#d  Sammle# S Sammle#a Sarnnle# 2 Sammnle# 9 Samnle# 10

Teialii 1 |170 280 255 254 145 230 242 285 233 287

Teal# 2 [320 150 160 210 230 300 165 330 315 465

Trald 3 [345 465 323 360 350 285 330 385 285 435

Teialti 4[240 263 37 238 387 307 253 271 231 377

Teialfi 5 |300 330 235 190 315 405 195 415 405 320

Teald 6 [245 257 191 238 231 281 730 190 200 330

Tral 7 |332 290 250 215 350 120 310 350 240 270

Teal 8 [220 385 340 525 235 293 270 202 232 347

Banif 11 Saple# 12 Sawple# 13 Sample# 14 Samwle# 15 Samolod 16, Sarunle# 17 Savanle#f 18 Saranle#f 15 Saronlesf 20 PELCHECES

290 335 240 202 77 185 228 207 230 300 :

120 165 200 295 270 270 315 245 200 315

325 335 250 285 780 315 360 365 365 460

225 777 241 128 94 783 295 267 290 281

570 330 255 190 210 725 240 285 330 375

270 244 206 721 260 64 249 255 255 235

200 280 205 210 70 315 245 235 275 395

285 375 225 300 105 336 318 357 229 339

L]

Averages of All Trial Results

(For average performance reference, 6 of 20 results shown))

Sarplef#l  Sammle#d Sammle# S Samwle#d  Samwle# S Sammle# 6

Trialif 1 (170 280 255 254 145 230
Trialff 2 330 150 160 210 230 300
Trialff 3 [543 465 323 360 350 285
Trialf 4[240 263 237 238 287 292
Trialf 5 300 330 235 190 31 402
Trialff 6 [245 257 191 238 231 281
Trialff 7 [332 290 250 215 350 120
Trialit 8 [220 385 340 5a5 235 293
4 [
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Set 1B: Variability of Results (Within and between trial conditions)

Trial Results

0 100 200 300 400 500 600
(Date:2/135/2004-File:NEVWS1B. Q4WY)

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

HEW 31 B.O4W Diata Trpe: {EY LA Diata Twpe:
QC Type: Q¢ Type:
Column # / Factota Lewell Lewvel2 Column # £ Factors Lewell Lewvel2
1 A Mumber of Coat 55.161 R 1 A HNumber of Coat 42 978 49173
2 B Blutry Tempera 63979 34604 2 B: Slutry Tempera -8 645 -49 506
3 G Impregnation P 63.103 57.48 3 C:Impregnation P 42814 49 337
4 Dn: Roller Gap 64052 56.531 4 D: Roller Gap 48 65 -2 B2
5 E: Mumber of Gra 57024 63.550 5 E: Number of Gra 48 337 42013
6 F: Milking 632 53263 6 F: Milking 48106 49 045
T G Bluery Viscosi 41 6a3 TE92 T G Slurry Viscosi 48 244 -40 904
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Set 1B: ANOVA (Analysis using Std. Dev. and S/N)

Expt. File: HNEWS1E.Q4W BEER N 5 verace/St Dev. Values
Help

LCancel

QC Type:

Sum of Sgrs. | Varlance F - Ratio Pure Sum Percent
Col# f Factor [f) (=) ] [F) (3 P(%)
1 &: Mumber of Coat 1 210.574 210.574 1858 1369 3266
2 B: Blurry Tempera 1 258769 258 780 3512 185095 53228
3C: Impregnation P (1 (63.232) POOLED |(CL=100%0)
4D Rollet CGrap (1 (113.10%) POOLED |(CL=T793%%
5E: MNumber of Gra (1 (2543 POOLED |(CL=T343%%
& F: Milking (1 (32927 POOLED |(CL=*NC*)
7 G Blutry Viscosi 1 2Tra 204 2778204 3788l 270253 TE.337

OtherError

Total: 7 3540251 100.00%;

Expt. File: MEWE1E Q4% Print ak

Help LCancel

DOF | Swn of Sogrs. WYatiatice F - Hatio Pure Bum Percent
Col# f Factor (£ (37 (¥ [F) a0 P %
1 A Number of Coat (13 CO7E POOLED ((CL=100%0)
2 B: Blurry Tempera 1 1436 1436 15005 1.387 15335
3C: Impregnation P 1 G343 G343 5.542 440 4973
4 D: Roller Gap 1 1215 1215 12267 1.114 12336
5 E: Mumber of Gra (1 (213 POOLED ((CL=88.11%
& F: Milking (13 00z POOLED [{CL=*NC*)
¥ 3 Blurry Viscosi 1 5,409 5,409 55522 54 59 697

OitherEror

Total: 7 2.047 100.00%
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Set 1B: Bar and Pie Graphs from S/N Nalysis

Significant Factor and Interaction Influences

287

2.0

5 Elurry Viscuﬁﬁ: Slurry Tempers

[ Raller Gap C: Impregnation P

Error

(Date:2M1 52004-File:NEWS1B.Q 400

il Relative Influence of Factors and Interactions

Qualitek-4

Significant Factor and Interaction Influences ‘

B G: Slurry Viscosi

U B: Slurry Tempera

D: Roller Gap

B C: Impregnation P

B Error

(Date:2M 5r2004-File:MNEWS 1 B.Q4W
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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.

Expt. File: WEWE1B D45 IBENERIBT & rerage/St. Dev. Values

o Smaller is Better

Colum # £ Factor Level Description Lewel |Contribution
1 &: Mumber of Coat 4 Lewels 1 -2.131
2 B: Slurry Tempera 37 Deg 2 -5 BEE
7 O Bluery Viscosi 1520 kep 1 -18.429
Total Contribution From AN Factors... -29.440
Cuatrent Grand Average OF Petformance. . f0.221
Expected Eesult At Optiram Condition. . 30243
Expt. File: NEWS1E Q4W DiataType
oc
Column # f Factor Lewel Description Lewvel |Contribution
2 B: Blurry Tempera 25DegC 1 A3
3 C Impregnation P 10 psi 1 Al
4D Foller Gap 14 inch 2 350
7O Bharry Viscosi 15-20 kep 1 220
Total Contribution From AN Factors... 1.908
Cuatrent Grand Average Of Petformance... 49075
Expected Eezult &t Optitoam Condition. . -47 166

Expected performance range is calculated from S/N prediction.
Low value: 216, High value: 240, Most likely value = 228 units. (90% C.L.)

. Transformation of C.1. in 5/ - Low Valug = Transformation of C.1. in 5/ - High ¥alu

Expt File: WEWS A7 xpt File: FEWE1IE O

I T a2 |S,|"_['\T Fatio |S.-"N Fatio

: |Smal'ler iz Better OC Type: |Smal'ler iz Better

at. optitnia
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Set 1B: Expected performance & C.1. (From S/N Analysis)

Porosity: 213 - 243 Cleanliness (in the units of measured result) at 90% CL.

Set 1B: Analysis using Std. Dev.

wm. Performance Distributions - Current & Improved Qualitek-4 E|E|g|

Variation Reduction Plot | Cancel [{Eerii
(Bazed on Assurned Momnmal Perforrnance Distributions: Current ws. [ropoosaed) o
. . .
Plotting Parameters
Currert Condition Mewdmproved Condition Curent Condition
o1 5/M ratio
B Average
= Std Deviation
a0
C I:|:|| Cpk |
= B
% i Target Vahoe
= L
a 20 r Improved Condition
= B 52N ratio
z L
E—"— B Average
t 20 o Std. Dewiation
B } \ Cp| Cok |
10 L5L
- L ! }a o T ucL LiL
0 _W—‘T’rﬁi L1l Savings
100 150 200 260 200 250 400 4560
Measured Results(y) [Expt. File: MEWWS B0 Qualitek-4, 24 5/2004 |
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Set 1B: Analysis using S/N Analysis

& Performance Distributions - Current & Improved Qualitek-4 E|E|E|
Variation Reduction Plot | Cancel [EEmi:
[(Bazed on Assurned Honmal Perforrnance Distributons: Current vs. [rapoosaed) Plutting Parameters
— —
Currert Condition Mewdmprowved Condition Curent Condition
B 5/M ratio
i Il N
5T 3 3 Ayerage
§ / \ Std Deviation
5T / \ Cp| Cok |
- L
= L
E s / \ Target Wahe
Sl / oc |
i B y Improved Condition
§ 3T S/M ratio
;‘:— L Average
oz / Std Deviation
i / / \\ Cp| Cpk |
s / \\\ LSL  [maol
L el B I arget \ UL LilL
: W S % Savings| 355 Canis/31 Loss.
a0 100 150 200 250 300 250 400 450 00
Measured Resutts{y) [Expt. File: MEVWES1 BLEWY Qualitek-4, 24 52004 |

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)
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