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\ Computer Aided Compound 0000 A

Development « United States Patent (o) Patent Noz  US 6,411,945 B1
Nakajima (45) Date of Patent: Jun, 25, 2002

A Bridgestone Patent 1994
Inventor: Akihiko Abe ) ESIGNING METTTCOMPONENT ¥ voss  inow

L Bridgestone Patent 2002 AND STORAGE MEDIUM USING LEARNING i
Inventor: Yukio Nakajima R —— ‘@) compnsumeoree | AMHRTRARRNTAANTATH A

PROCESS

(73)  Assignee:  Bridgestone Corporation, To Office européen des brevets (i3 Publication number 0 647 911 A2
. (*) Notice:  Subject to any disclaimer, the 1
L Colour Matching ol ool s EUROPEAN PATENT APPLICATION
8.0, 154(b) by 0 days.
Patents from (21) Appl.No: 09051416 Y E—— & ot c1: GOBF 1750
- 1 P! on num : 1) Il A
BASF, CyanAmld, DuPONT (22) PCTFiled:  Aug 8, 1997
(8) PCTNo:  PCT/IP97/02784 @ Date of fing : 05.10.84
. . § 371 (e)(L),
A Empirical DoE Patent: (2), () Duke: - Apr. 6, 1998 (&) Priority : 06.10.93 JP 250371103 {7 Invantar : Abe, Akihiko
T - WO 0.09.94 JP 23573004 3-5-5, Ogaws-higashi-cho
Honeywell (87)  PCT Pub. No: WOUS/06550 Kodaira-shl, Tokyo (JP)
PCT Pub. Date: Feb. 19, 1998 @ Date of publication of application :
. . . 12.04.95 Bulletin 9515 @ Reprasantative : Whalley, Hevin
(30) Foreign Application Priority Data MARKS & CLERK,
. B : . 2 57-80 Lincoln's Inn Fialds
" (505 e i ki London WC2A 3LS (GB)
A ReClpe leary Search and (73} Applicant : BRIDGESTONE CORPORATION
C m arison ;I;:myoh“hi 1-Chome
u
omp - . Takyo 104 (JP)
CombiChem, GE, Hunt (Private)
@ Moathod for designing pneumatic tires.
In order io perform tire design and develap- EIG.2A
ment highty efficiensty and provide a tire at low b
cost, a tire basic model for representing a fire gt
cross-sectional  shape  incuding an  mbamal —
struchwe and being divided into a phmality of I_ g

eloments, an objectiva function for reprasenting
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Influences: Effects:

Factors: Ingredients Responses: Properties

F, —

F, — Compound — R,R,..R

Objective of an DoE should be the identification of the most
important factors (F, ..F ) on measurable effects (Responses

R, ...R,) and to describe there dependency in a mathematical
equation:

R, =fA,+AF+..AF +..)

i(1...n)
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\ Why Computer Aided Recipe Development ?

L Better utilization of historic compound data base
L Faster results - minimizes efforts and time in development
L Increases creativity through compound simulation

\ No algorithm describing the relation between
ingredients and properties

\ It gives a better start for a typical statistical “design of
experiment” (DoE) approach.

\ Compound calculation and simulation should utilize
Compound history, but not in a ,,trial and error*
fashion.
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Mid size -/ Large company:
Recipes in use ~ 500 — 2000
Laboratory recipes ~ 1000/year

ipe i i Cost of Recipe
Recipe is used 1 Time Development in a
per
Project / Evaluation Laboratory

~ 500 US$/Recipe

% Reinvention Time*) Invest of 500.000 US$/year

~1- 2 years!

* Question:

. Why we can hardly take Compound Databases as working
capital,
Saving time and effort in our daily work?
Benefits would be:
. Avoiding reinvention
. Increase our compounding knowledge.

. Making room for really new ideas in compound
development
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\ Database created with Statistic Experimental Design (DoE)

L Organized / limited size
A Variation of few factors according DoE

) Optimization, numerical and graphical / prediction Tool
available in the software

CARD [Computer Aided Recipe Development] with GrafCompounder
- Historically created Database

- Unorganized / Unlimited
- Multiple factor variation
- Prediction according specification

\ Justification of calculation method with linear dependencies:

® If the majority of factor / response relations are linear the
MLI — method gives sufficient accurate results inside
95% confidence interval !
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Line call out:
= SEA J200: AA/BA/CA — NR, SBR, EPDM...and other Material

—  SAE J200 M4 AA621 A13 B13 F17

B13 C-Set (22h/70) < 25%

Dr. Hans-Joachim Graf 8



Introduction
Program idea

Justification of Method
Comparison with DoE Software calculation
Filler / Oil Design

Accelerator Design

DoE Simulation

Outlook

Properties of MB is determined by Polymer, CB and Oil content
and the ratio or CB and Oil.

Unit 2 as a reference (based on Cabot TG RG-135

NR Compound
CB 550: 55 phr

+SMR 5CV - 100 phr

Oil: 10 phr ¥CB - Var
+0il - Var
+Zn0 - 5 phr
. TP _ ¢ ¥StAc — 1 phr
Mooney Viscosity: 71 M UnltsMO_wm
. o *+NR 100 phr
Hardness: 60 °ShA SMBTS - 0.6 :
Tensile: 21 MPa ¥S-25phr ©
Elongation: 460 %
C-Set: 28% S e e e e

AN
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Properties of MB is determined by Polymer, CB and Oil content

and the ratio or CB and Oil.

—  Unit 2 as a reference (based on Cabot TG RG-135)

- CB 550: 55 phr
- Oil: 10 phr

— Mooney Viscosity: 0
66 — 71 M-Units o

— Hardness: 58 — 62 °ShA
— Tensile: 20 — 22 MPa

— Elongation: 450 — 480 %
- C-Set: 26 — 30%

Dr. Hans-Joachim Graf
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\ Original Data

L

Input Data

1. Iteration Level, n™ - Iteration Level, Result

yd
e -

——» Linear Relation between: Ingredient — Property.

Dr. Hans-Joachim Graf ]

Calculation of compounds with linear algorithm.
Approximisation to target(s) via multiple iteration

Output Data
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\ The GrafCompounder uses the Multiple
Linear Iteration method [MLI] to calculate
a new recipe according to properties
targeted

K The GrafCompounder enables the user
to analyze and improve their compound
database via identification of faulty data
sets

\ Each compound taken into account for
the calculation and its influence of each
on the final result is visualized.

— Its contribution is given as a ratio

K The GrafCompounder is a fast and easy
to use tool without utilizing a complex
“hidden” mathematical and analytical
method

\ The GrafCompounder works with
smaller and larger Databases

ﬁ
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\ Calculation method confirmation

® Prove with
1. NR Filler / Oil DoE — most of basic physicals are
linear
2. Filler / Oil DoE
3. Accelerator DoE

DoE with 4 Factors
Polymer used: EPDM (Vistalon 8600)

Factor Name Units Min Max
E le 1 — A C6630 phr 60.00 95.00
Xample 1. BCaCO3 phr  10.00 70.00
C Clay phr 10.00 50.00
D Qil phr 70.00 95.00

- A fractional factorial DoE with 11 compounds only!
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Preddedvs. Acual

Rheology Data are examined
— MVandt, -125°C

Predicted

can be measured =]
quite accurate. =
— Both are significant e e e e g
with a linear model s
. Predded vs. Actud
equation -

t, - 125°C

Predicted
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2000 Overlay Plot
Optimization area P N\
= MV 308 2
calculated with DoE SM T 40
Design Expert® 4600 X 7216

||vv 34.300] \ﬂw 36.000]

t10: O.
40.00 — t0. 0.
calculated with B 0
GrafCompounder o
. boundary condition
(CC 6630 — 73 phr) ]
10.00 I

60.00 67.00 5.00

B: CaCO3

A C6630

Dr. Hans-Joachim Graf 15



Introduction

Program idea

Justification of Method

Comparison with DoE Software calculation
Filler / Oil Design
Accelerator Design
DoE Simulation

Outlook

DoE published by DuPont Dow in 1998

— Factors: ENB, DTDC, S, MBT,
Example 2 TiTBD, ZdiBC, DTP

— DoE with 41 Experiments

Tensile at break is significant with
linear model

- Sulfur has larger influence

followed by DTDC and TiBTD,
but negative

Elongation is significant with
quadratic model, but linear model
is a more than sufficient fit

— Sulfur has the largest
influence followed by DTDC

Hardness is sufficient significant with linear
model as well

— Main influence Sulfur, DTDC

Dr. Hans-Joachim Graf
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- Overlay Plot
Z Lz
Boundary Conditions 000 Pl

— Select boundaries
— TB-MPa: 11.5-12.0
- EB-% :325-335

C: C:Sulfur

— H-°ShA: 65 - 67

The Design Expert® A KENB

optimization graph shows the Calculation Method

location of the result as a Ingredients GralCompounder |Design Expert®
A:-ENB 6.5 5.45

yellow area. - Sulfur Tox T
B: DTDC 0.98 0.98

GrafCompounder result is D: MBT 1 1

tagged with a flag. E: TiBTD 1.51 1.51
F: ZDIiBC 1.33 1.33
E: DTP 1.45 1.44
Tensile @Break 11.5 11.5
Elongation (@ Break 306 330
Hardness 68 67

Dr. Hans-Joachim Graf 17
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® Simulation of a DoE
# Experiments made in the Laboratory

® NR based Compound LL UL
M Filler1: CB 336 30 phr 70 phr
Example 3 ® Filler2: CB 550 0 phr 20 phr
| Oil: Naphtenic Oil 5 phr 45 phr

® Type of DoE: fractoinal factorial
® Software: Design Expert®

® Calculation made with GrafCompounder
# NR Formula index from MRPRA
# Formula data adjusted, but responses taken as is.

* For comparison: Hardness, Tensile -/ Elongation at break

Dr. Hans-Joachim Graf 18
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Elongation at break:
X1-A: CB 336

X2 = C: Naphtenic oil

B: CB 550 = 10.00 phr

Elongation at break Simulation
X1-A:CB 330

X2 = C: Naphtenic oil
B: CB 550 = 10.00 phr

[\
a0 \
\
\
m \\ <
X .“\ \
N <
GD Y
g SSUSEES L 0
S TSSO
Lo 500 B SN W :;‘:‘ <S
. R SO
5 “‘ J
S
g’ B 3
0
|I| 4500 7000
37.00 a0
200 .00
21.00 46.00
cdal 1300 380 AC33H6

500 300
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\ Screenshot of GrafCompounder V 2.004 with demo data,
targets and a calculated compound

File Edit Help

Input data: Criteria: EDutput:
| 50AL51] 5041517 B50ALS1] 50ALE1{ S0ALS19 S0AL51] S0AL51] S0ALE1] S0ALS4] Name |Min | Max | From |To | weight | Trdom || ||
Demo Data [A]
Recipes: -
Ingredients: 50AL51150AL512 50AL513 S0AL514 50AL515 50AL516 50AL517 S0AL518 50AL542 Mixture1
NR (SMR - 10) 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 INR (SMR - 10} 100 100 100
N330 10.00  30.00 50.00 2500 4500 75.00 4500 65.00 50.00 IN330 10 75 48 52 50
Caco3 20.00 2000 2000 2000 2000 2000 2000 20.00 (Caco3 ] 20 42
Naphtenic Oil 500 2500 45.00 500 2500 45.00 500 2500 10.00 Naphtenic Ol 5 45 17.35
Zno 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 Zno 5 5 5
Stearic Acid 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 Stearic Acid = 2 2
IPPD 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 IPPD : = 2 2
s 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 0.25 s 025 1.5 0.5125
TMTD - 80 1.00 TMTD - 80 o 1 079
CBS - B0 0.65 065 065 065 065 0.65 0.65 065 210 (CBS - 80 065 21 1.7955
Total 14615 186.15 226.15 161.15 20115 25115 18115 22115 17235 Total 14615 251.15 183648
Properties:
MooneyML{1+4) 100°C 30 60 38.9
Mooney t5/120°C 11 32 15.41
Density 108 1.2 i 1.1205
Hardness 40 &1 40 55 55.01
11300 18 9.4 5.056
IE] 15 25 20 2132
EB 540 785 550 5715
DVR -26°C /24h DVR -26°C /24h 17 77 67.13
DVR 0°C /24h DVR 0°C /24h 8 16 15.58
||DVR 23°C/72h DVR 23°C/72h 8 18 1716
|[DvR 70°C /240 DVR 70°C /24h 17 61 26.24
b
v
LS ¥ ([T > a¥ |
. Recipe ratios in %: Sum of recipe ratios (should be 100%):
'| 21 79 | 100
MNumber format: | 1234567 | ¥ l Import input data from clipboard J [ Auto mix (ovenwrite mixture) ] l Auto mix (new mixture) J

Dr. Hans-Joachim Graf 29
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\ Screenshot of GrafCompounder V 3.210 with demo data,
targets and a calculated compound

File Edit Help
Input data: Criteria: Output:
| |50ALE11 |50ALE12 |50AL5132 |50AL514 |50ALG15 |BOALE16 |ED=.L51T |50ALE18 |50ALE42 Name |Min |Max |From iTO iWEJ’gm | Trdoff |
[Test Data (Simple) [x]
Recipes: r
Ingredients: H0AL511 50ALE12 50AL513 H0ALG14 BOALS15 HOALS16 50ALG17 H0AL518 HOALG42 [Midure1
MR (SMR - 10) 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 1000 |INR (SMR - 10} 100 100 100
MN330 10.00 30.00 50.00 25.00 45.00 75.00 45.00 65.00 500 (IN330 10 75 48 52 50
CaCO03 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 Caco3 a 20 42
1 Maphtenic Oil 5.00 25.00 45.00 5.00 25.00 45.00 5.00 25.00 10.(| |Naphtenic Oif &l 45 17.35
Zn0 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.0| |Enei 3 5 5
Stearic Acid 2.00 200 200 200 200 2.00 2.00 2.00 2 ‘Stearic Acid = 2 2
IPPD 2.00 200 200 200 200 200 2.00 200 2 IPPD 2 & 2
S 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 ol (s 0.25 1.5 05125
TMTD - 80 1 TMTD - 80 a ) 079
CBS-80 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 2 CBS- 80 065 21 3.7955
Properties:
MooneyhIL{1+4) 100°C 41| |MooneyML{f+4) 30 80 389
Mooney 15/ 120°C 11.1 | Mooney t5./126°C 11 e 15.41
Density [g/ccm] 11| ||Density fafcerm] 1.08 1.2 31205
Hardness [FShA] 59 Hardness [*ShA] 40 &1 40 565 5501
1300 [Mpa] 9.4 | M300 Mpaj 1.8 9.4 8.056
TS [Mpa] 22.0| ([TsMoal 15 25 20 21.32
EB [%] 0dEB e ‘540 785 550 N 57156
C-Set-26°C /24h [%] 77.(|"|C-Set-26°C /24h 17 i 67.13
C-Set 0°C /j24h [%] 16.| |/C-Set @°C f24h [36] 8 16 15.58
. C-Set 23°C 72h [%] 15| |C-Set 237C /7 2h [P6] 8 18 1716
C-Set 70°C /24h [%] 17.0| |iIC-Set FO°C/24h [26] A7 81 26.24
[
|
Ll — [ —
— -
. L]
T [« . S < ¥ T
146.15 186.15 226.15 161.15 201.13 25115 181.15 22115 172.2| | Total ingredients 146,15 251.15 183.648
Density B
( 1| lcost tper voi) Cost (per voi)
\ Cost (per mass) Cost (per mass)
\ Recipe ratios in %: Sum of recipe ratios (should be 100%);
N 21 i - 100
Number format: | 1234567 | ¥ { Importinput data from clipboard J l Aulg,mfx/(/ovenmnte mixture) J l Auto mix (new mixture ) J
[ 1
—
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\ Screenshot of GrafCompounder V 3.210 with demo data,

targets and a calculated compound

- [MEX X
File Edit Help
Input data: Criteria |Dulput.
| |50L511  [B0ALS12  |50AL513  |50ALS14  [50AL515  |50ALS16  |50ALS17  [504L518  |5DAL542 || ||Mame |Min  |max [From [To  |Weight Trdoff
[Test Data (Simple) [&|
Recipes: r
Ingredients: BOALE11 B0AL512 50AL512 50ALE14 50ALE15 50ALE16 50ALE17 50ALE18 50ALE42 Mixture 1
MR (SMR - 10} 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100 INR (SMR - 10). 100 100 100
330 10.00 30.00 50.00 25.00 45.00 75.00 45.00 65.00 50 330 10 75 48 52 50
CaCo3 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 Caco3 0 20 42
|| Maphtenic Oil 5.00 25.00 45.00 5.00 25.00 45.00 5.00 25.00 10 MNaphtenic O 3 45 17.35
Zn0 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5 Zno 3 k-] L)
Stearic Acid 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2 Stearic Acid 2 2 2
IPPD 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2 [PPD 2 2 2
=3 1.50 1.50 1.50 1.50 1.50 1.50 1.50 150 0 S 025 1.5 05125
TMTD - 80 1 T™MTD - 80 ] 1 079
CB5-80 0.65 0.65 0.65 0.65 0.65 0.65 2 CBS - 80 063 21 17955
Properties:
MooneyML(1+4) 100°C 4 MooneyML{1+4) 30 60 389
Mooney t5/120°C i) Mooney t5 /7 120°C 11 52 15.41
Density [g/cem] 1 1 Density [gfccm] 1.08 42 1.1205
Hardness [*ShA] 510 591 i SShAT 40 61 40 55 5501
M300 [Mpa] = 7 | 18 94 B.056
TS (Mpal 21| | 2| Frequency Distribution = | El XS ] 15 25 20 21132
EB [%] 25, 540 783 550 Ml 571.5
C-Set -26°C /24h [%] 2z [|Distribution for ingredient N330: . 24k 17 77 67.13
-
IC-Set 0°C 124h [%] 14 z 2 2 h [%6] 8 16 1558
' IC-Set 23°C /72h [%] 10 2h [3%] 8 18 17.16
IC-Set 70°C /24h [%] 50, 1 1 i i 1 4h %] 17 61 26.24
| ’_‘ a ’—‘ m i} a m |_|
P 10 16.5 23 205 ) 425 49 63.5 62 68.5 78
| b
v
|
‘ b
v
‘ LS TV ¥ S a¥ s
Tmmgmlls 146.15 186.19 226.15 161.15 201.15 251.10 181.15 22115 1724 Tomalmgemem 146.15 251.15 183.648
| (Cost (per vol) Cost (per voi)
Cost (per mass) Cost (per mass)
Recipe ratios in %: Sum of recipe ratios (should be 100%):
1 | 21 k] 100
Numberformat | 1234567 |* | importinput data from dlipboard | | Auto mix (overwrite mixture) | | Auto mix (new micture) |
ka . ——
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\ Screenshot of GrafCompounder V 3.210 with demo data,
targets and a calculated compound

File Edit Help
Input data:

Criteria:
Name | Min | Max

| |50ALE11
[Test Data (Advanced)

|50ALE12 |50AL513 |E0ALE14 |From |To |Weight |Trdoff

Recipes:
50AL511
100.00

Cost:
280.00
115.00

B50AL512
100.00
30.00

50AL513
100.00

50AL514 50AL515
100.00 100
50.00 25.00 45

Ingredients:
MNR (SMR - 10)
M230 10.00
CaCoz 20.00 20.00 20.00 20.00 20
Maphtenic Qil 5.00 25.00 4500 5.00 25
Znl 5.00 5.00 5.00 5.00

Stearic Acid 2.00 200 200 2.00

IPPD 2.00 2.00 2.00 2.00

S 1.50 1.50 150 150
TMTD - 20

CBS-80 : 5 0.65

Mixture 1
IR (SMR - 10)

Properties:
MooneyML{1+4} 100°C
Mooney t5/120°C
Density [glcem]
Hardness [*ShaA]
M300 [Mpa]

TS [Mpa]

EB [%]

C-Set-26°C /24h [%]

C-Set 0°C /24h [%]
C-Set 23°C [72h [%]
C-Set 70°C /24h [%]

C-Set 0°C /24h %]
C-Set 23°C /72h 3]
C-Bet 70°C /24h %]

e

- ¥

L

226 15
1.128
220712
195.667

161.15
1.137
259.187
227.957

201.
1.1
2358
2059

Recipe ratios in %:

0.25

146,15 251.15
1.096 1.166
219.724263.677
187.638 239.55

Total ingredients

Density
Cost (per vol)
Ceost (per mass)

MNumber format.

Dr. Hans-Joachim Graf

1234567 |»

l Import input data from clipboard J [ Auto mix (overwrite mixture) J { Auto mix (new mixture) J

160.5615
1.123
25746
229.261

Sum of recipe ratios (should be 100%)
100




Introduction

Program idea

Justification of Method

Comparison with DoE Software calculation

Filler / Oil Design
Accelerator Design
DoE Simulation

Outlook

\ Screenshot of GrafCompounder V 3.210 with demo data,

targets and a calculated compound

[F1R Fdit Help
| Clear Al Data Criteria: |Output:
Load Demo Data (Simple) | |s0aL511  |s0ALB1IZ2 |S |50ALE14  |50AL515 | | Mame |Min  |Max |From |Ta  |Weight |Trdoff |
Load Demo Data (Advanced) &
T Recipes: r
DA ie hsity:  Ingredients: S0ALE11  50AL512  S0ALE13  50AL514  S0ALS15 IMixture 1
Save As.. 0982  NR(SMR-10) 100.00 100.00 100.00 100.00 100 | INR (SMR - 10) 100 100 100
Merge in Recipes from Clipboard | 180  N330 10.00 30.00 50.00 25.00 5] |IN330 10 75 48 52 52
b wergeinR e 271 €aCcOo3 20.00 20.00 20.00 2000 20/ |caces a 20 335
- 089  Naphtenic Oil 5.00 25.00 45.00 5.00 25 | INaphtenic Gil ol 45 13.0625
660 Zn0 5.00 5.00 5.00 5.00 5| | Znoy 5 5 5
FOO1 165.00 092  Stearic Acid 2.00 2.00 200 2.00 2| | stearic Acid 2 2 2
G001 92400 115  IPPD 2.00 2.00 200 2.00 2| |erD 2 2 2
HoD1 158.00 180 s 150 1.50 1.50 1.50 1| |8 025 15 0459375
K001 396.00 £11 TWMTD - 80 TMTD - 80 0 1 0.8325
K005 708.00 128 CBS-80 0.65 0.65 0.65 0.65 0| [CBS-80 065 21 1.857125
Code: Properties:
PROO1 MooneyML(1+4) 100°C 32.00 36.00 20| | MooneyML(1+4) 30 60 423575
PROOZ Mooney t5/120°C 28.00 23.00 22| |Mooney 15/ 120°C 41 32 127225
PROO3 Density [g/cem] 1.08 1.12 1| | Density fg/ccm] 1.08 1.2 1123125
PROO4 Hardness [*ShA] 4200 41.00 43| |Hardness [ShAT 40 61 58.41
PROO7 M200 [Mpa] 1.80 3.00 4| | IM300 Mpa] 1.8 94 8.88675
| PROO3 TS [Mpa] 25.00 21.00 20||, | [7S Mpal 13 25 20 i 2225425
|PRO0D EB [%] 785.00 725.00 705 H EBPE 540 785 550 I 548.275
PRO10 C-Set-26°C /24h [%] 23.00 19) |C-Set-26°C/24h 7 77 B9.5275
. PRO11 C-Set 0°C /24h [%] 10.00 14.00 12| [iC-Set 0°C 24h Po] 8 16 15,7825
PRO12 C-Set 23°C /72h [%] 8.00 10.00 12| |C-8et 23°C/72h Pe] 8 18 17.24
PRO13 C-Set 70°C /24h [%] 39.00 50.00 50| |[C-Set70°C /24h %] 7 61 22.485
(]
L
A
LS v e -t e -t e
Total ingredients 146.15 186.15 226.15 161.15 201 | Total ingredients 146.15 251.15 180.5615
Density _ 1.0%6 1115 f.i2__8' 1.1 | Density 1.096 1186 1.123
| Cost (per voly 262547  237.377 220712 2358  Cost (pervol) 219.724262.677 25746
Cost (per mass) 23955 212.894 195.667 205.5) Cost(permass)  187.638 239.55 229.261
Recipe ratios in %: Sum of recipe ratios (should be 100%);
| 0.25 | 100
Number format: | 12345.67 | | import input data from clipboard | | Auto mix (overwrite mixture) | | Auta mix (new mixture) |
[ - e T S
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Recipe manager

Creation of a formula according predefined criteria
Ingredients
Properties
Cost

Trace ability back to the starting formulas

Analysis of outliers and their correction or elimination in the database is
possible.

Integration of results from statistical experimental designs with merge
function.

Integration of databases of different origin, provided that an export of the
data is possible with table calculation programs.

Result of the calculations MUST be confirmed by an experiment.

Probability of a match between calculation and confirmation experiment
result is about 90-5% according first experience
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Examples show:

The resulting formulas calculated correspond to the general rules
of compounding

—  Differences with calculations based on regression
obtained with DoE is marginal

\ The formulas will show property scores larger than the 90 % — 95
% confidence interval in confirmation experiment

I

\ Only one confirmation experiment would be needed as opposed to
multiple trials in case of development targets.

— Starting formula calculated with GrafCompounder
— Optimized formula with Optimization Tool in DoE Software

More information under: www.grafcompounder.com
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\ Release of the ,,GrafCompounder* Version 3.210

Thank you for joining this presentation.

\ Any question, comment?

More information under: www.grafcompounder.com
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