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IMPRESSION - TO SOME FOLKS WITHIN HENKEL
“JMP IS AN ADVANCED DOE SOFTWARE”

* True!

- But it is not the whole truth.
- Limited adoption
- Other software options
* How to promote adoption?
« Emphasize data analytics

* Need examples

- Related to adhesive/sealant

- Speak Our Language!

Adv. pred TabUIa.te 16. ECA dispensing
- pred. analysis defect %2 analysis, 17. Epoxy Mixture DOE
analysis Silicone failure
. mode analysis
Visual
O analysis 11. LCA competitor 12. Epoxy Q Q
benchmark study: TLS statistical e = 3 18. Spray
Stat. O visual analysis 2 cas companash 15. S’atlstlcal annly'su of SMP
lysi multiple sealant pairs of .
analysis DOE multiple properties i
10. Epoxy literature L s o
study: index, amine
ratio DOE @ 14. US5500
@ gel time DOE
4. Design DSD . 13. US5500 polyol gel
2.Ag to solve SMp  6- Epoxy shelf life: . time issue manuf.
multivariate spray issue visual analysis Support: visual
analysis ° analysis
8. Silicone DOE

Q
©

3. Yesterday new
data analysis:
tabulate
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1. Literature
organization:
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7. Product
selector: tabulate

formulation
analysis



ABOUT HENKEL ... Henkel adhesive technologies

GLOBAL ADHESIVE LEADER

SERVING

= 130,000 direct customers
= 75 countries

= >800 industries

SALES

€22.4..

€2 3 1 46 YEARS S
D= /BI SUCCESS WITH : 3 &°
ADJUSTED OPERATING  BRANDS AND === i
PROFIT (EBIT) TECHNOLOGIES ¥ i ‘
&1 X7 N el ' . ‘ ,J“
WE EMPLOY MORE THAN B —pP

5 2 - 000 SUPPORTED BY

= 6,500 customer experts
i PEOPLE WORLDWIDE FROM = 100 manufacturing sites
124 NATIONALITIES

4 ~ = 20,000 products @
" Figure relates to the 2022 fiscal year compared to the 2010 base year 4




PRE-FORMULATION STAGE
} CASE 1: PRODUCTION SELECTOR GUIDE

| [53 Henkel product selector - IMP
i File
EEEL]

= Henkel product selector

¥ Henkel adhesive selector 2

- Columns (37/1)

a

o Brand

ik Substrate

wh Product

sk Chemistry

i Item

sk Package note

ik Package type

ik Package vol.

i Package unit

wh Feature

k. Certification

ik Color

ik Viscosity note

A Viscosity

A Gap (in)

sk Cure method

ik Comp type

ik mixing ratio note
ok A/Bratio

4 viork time, min

A Skin over,min

A fixturing, min

i Fixture time note
4 Curetemp.C

4 Cure time,hour
wh Activator

A Shear strength,psi
A Impact strength Joules
A Peel pi

4 Hardness

ok Hardnesstype
A Tensile strength, psi

= Rows

Selected

Edit Tables Rows Cols DOE

All rows 91
(1]

Analy

wlelulovlmlalwlola

- O
yze Graph Tools Predictum Add-ins View Window Help
; B 2m 7 |
Package Package Certificati Viscasity Cure mixing work
Brand  Substrate  Product Chemistry  Item Packagenote  Packagetype  vol. unit Feature on Color note  Viscosity ~Gap(in) method Comptype rationote A/Bratio time,min
Loctite General UR 3370 Epoxy 148 50mi & Dual cart. Dual cart 50 ml Non-sag 6L Grey 200000 500k 0.04 |RT 2k 1101 1 90
Teroson Metl £A 9460 U 3333 400mi C dual cart. Pail 400 b flexible Green 60000 Moisture 13 2w01 2
Plastic EAE-20HP MMA 28314 200ml C dual cart. Cart, 5 gal Long work life Off-white 100000 Heat 25tep 10t 1 10
polyolefin \AA HE000 Acryic 20315 490ml £ Dual cart Can 200 oz High strength Black 180000 it 2 0s
EAIC 29316 sgal pail Botile 50 iter Toughened Clear 20000 250 25
31 others 86 others 44 others S others 22 others 19 others 14 others 19 others 1000 3m 3 others 3 others 15
Loctite General  EA1C Epoxy 1373425 EPKdoz EPK 4 0z Gap fill off white 350000 350000 «RT 2k 25101 25 20
4 ~Local Data Filter 4~ Tabulate
\ pr—
Show ¥/ Include Brand |Substrate ||Prod em Package type |Package vol. |Chemistry |Cure method |Comp type
4 matching rows Loctite |General EA 1C 1377391|Pail 43|Epoxy RT 2k
[ Inverse 1377777|Pail 60|Epoxy RT 2k
Metal AA H8600 3876]Pai| 5|MMA RT 2k
Brand (2) 2057196/Pail 5IMMA RT 2k
*Substrate (4) 87 rows have been excluded.
Where((Cure method = RT} and (Comp type = 2k) anc
None Selected ~ (Name("Shear strength,psi") > = 1500 & Name("Shear
strength,psi*) <= 2500) and (Name("work time,min") > = 15
¥ Cure method (3) & Name("work time,min") <= 30) and (Package type = Pail))
¥ Comp type (3)
[t | T s |

~ /Chemistry (4)

None Selected v

11500 = Shearstrength,psi < 2500

115 < work time,min < 30
e —
1400 < Elongation% < 1000

e )

~ Package type (10)

Chemist can use this tool to search for
. Commercial & developmental formula
. Patent & literature
. Raw materials



PRE-FORMULATION STAGE
} CASE 2: RAW MATERIAL: SILVER MULTIVARIABLE ANALYSIS

B3l silver LA - JMP Pro = O 3
File Edit Tables Rows Cols DOE Analyze Graph Tools Predictum Add-Ins View Window Help
RS Q_iBEEEm
i Bl q [+
= SIU,‘VEI[TLA. =B - Appar Scatterplot Matrix
b Muitarnae ent  Tap | Surface Weight PSD10 04 o
B Selector Ag Densit Density Area(m®/ Loss@ Oor 0 08
P Tabulat..n house . n
P Tap De... 2 more |= Supplier 2 Category Name y(g/... (g/cc) g) 538°C | D95 oy 06
B PCA flake 1 Supplier2 AgFlake Ag_1 1.79 345 072 037 2198 6 o4
P Princip...relations 2 Supplier2 AgFlake Ag_2 153 3.00 1.02 049 2683 4 E:ECWE‘KW
: yz‘fil‘fa---z-g{ég 3 Supplier2 AgFlake Ag.3 1.81 357 096 038 3955 2 02
abulat..Ag . 20 04
P Multiva..e - 7/11 4 Supplier2 AgFlake Ag4 1.96 365 079 032 3880 0 pSuace Py
5 Supplier2 AgFlake Ag.5 1.35 2.21 1.00 075 47.03 ® \ g 08
w |Columns (22/0) 6 Supplier2 AgFlake Ag6 347 491 0.25 012 36.87 ug -10
Q 7 Supplier2 AgFlake Ag7 2.00 340 053 032 419 0;4
4 Appar... (g/c) ~ 8 Supplier2 AgFlake Ag8 1.91 374 092 037 2389 0
A Tap D..y (g/cc) 9 Supplier2 AgFlake Ag9 2.26 4.18 030 028 3016 ig 9
A Surfac... (m*/g) 10 |Supplier2 AgFlake Ag_10 195 350 0.54 022 5438 10
4 Weigh... 538°C 11 Supplier2 AgFlake Ag_11 189 275 068 030 6240 0 :
4 nEmAn s AE 20
PSD90
10 A /
. . . . 0 = * *
Analyze>Multivariate methods>multivariate 0 T % | psoso
5 L \,
Multivariate . :.\hn R . .
4 g L. . ) ;
Correlations , MR ﬁ. l'l & ./l'f;-' ./!i‘.'- ﬁ pspio
Apparent Density (g/cc) Tap Density (g/cc) Surface Area (m*/g) Weight Loss @ 538°CPSD100 or D95 PSD90 PSD50 PSC10 0 \ﬁ' /| T Ty O - >
Apparent Density (g/cc) 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 04 0 2 4 60 10 004080 20 0 10200 5 100 2 4
Tap Density (g/cc) 0.0000 -0.5648 -0 SAAA -0.0668 -0.0637  -0.0021 0.1399
Surface Area {mz_a'g) 0.0000 1.0000 0.8044 0 7
Weight Loss @ 538°C 0.0000 B - 6
PSD100 or D95 0.0000 -0.0668 1.0000 0.9553 0.8522
PSDO0 0.0000 -0.0637 0.9973 1.0000 0.9722 0.8774
PSD30 0.0000 -0.0021 0.9553 0.9722 1.0000 0.9519

PSD10 0.0000 0.1399 0.8522 0.5774 0.9519 1.0000

There are 57 missing values. The correlations are estimated by Pairwise methed.



PRE-FORMULATION STAGE

} CASE 3: EPOXY LITERATURE LEARNING VIA DOE MODELING

RSC Advances -
PAPER i At onine https://pubs.rsc.org/en/content/articl
elanding/2018/ra/c8ra00894a
M) Gneck for upaates Facile preparation of epoxy based elastomers with

tunable T s and mechanical properties

Che thi: R5C A, 2008, B 15472

Diethyl maleate
o

[o} (o]
| HE OEt
CH; CH, OEt EtO CH, CH;
o o EtO N{J\/OVN OEt
HoN NH, ——2—» H n H
n [e] o
D230 polyaspartic ester-D230
(PAE-D230)
o CHy OH CH, o
Aonfo O£ oon-BronfoO-E0roon
CHs m CHs
E44
1.0 a5 ®)
4.0 144 C
& (a) poe ] oo:4o:3o( )
- - 0.0 /] 100:60:40 -
£ 06 5 201 100:60:30, 100:60:20 & 101 100:40:40
5 100:80:20 | 2.5 S
2 04 ﬁ 2.0]100:60: 2 8l
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Fig. 6 Stress—strain curves of shape memory epoxy.

Table 4 Tensile properties of shape memory epoxy

E44 : PAE-D230 : D230

(molar ratio)

Tensile strength
(MPa)

100 :
100 :
100 :
100 :
100 :
100 :
100 :
100 :
100 :
100 :
100 :
100 :
100 :
100 :
100 :

80 :
80:
80 :
80 :
80 :
60 :
60 :
60 :
60 :
60 :
40 :
40 :
40 :
40 :
40 :

10
20
30
40
50
10
20
30
40
50
10
20
30
40
50

One epoxy
Two amines

To max. learning:
Can one quantify (by model) formulation
effect on tensile properties?
Amine ratio effect is elucidated. What about

epoxy/amine stoichiometry effect?

0.8 +£ 0.2
0.5+ 0.1
0.6 0.2
0.9 £+ 0.3
22405
3.94+03
3.0 £ 0.6
3.4+£03
2.1+ 02
5.0+ 0.8
14.1 + 1.2
11.3 £ 1.8
8.4 4+ 1.0

7
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PRE-FORMULATION STAGE
CASE 3: EPOXY LITERATURE LEARNING

[} epoxy amine index - IMP

Fle Edt Tables Rows Cols DOE Amalyze Graph Tools Predictum Add-ins View Window Help

degd caa VD EEL =
~ epoxy amine index ¢ =i Index PAE  Tensile Pred
¥ Fit Least Squares - Tensile E44 PAE D230 epoxy/ mole%in strengt Formula Column
» Contour plot - tensile by model - ID molarratioc mole mole mole amine amine h 10
» GB Contour - tensile ratio vs index 1 1100:80:10 100 80 10 1.1 089 .
& Tarmveey Plot 2 2100:80:20 100 80 20 100 080 08 .
B Fit Least Squares
3 3100:80:30 100 80 30 091 073 05 .
4 4100:80:40 100 80 40 083 067 06 .
= Colomne @2/0) 5 5 100:80:50 100 80 50 077 062 09 .
< 6 6 100:60:10 100 60 10 143 086 22 .
T 7 7 100:60:20 100 60 20 125 075 39 .
8 8 100:60:30 100 60 30 11 067 3 .
& molar ratio
AE44 mole 9 9 100:60:40 100 60 40 100 060 34 .
APAE mole 10 10 100:60:50 100 60 S0 091 055 21 .
40230 mole 1111 10040:10 100 40 10 200 0.80 .
4 Index epoxy/amine ¥ 1212 100:40:20 100 4 20 167 067 s .
APAE mole% in amine ¥ - P %
4 Tensile strength 1313 100:4030 100 0 30 143 057 141 1103 .
A Pred Formula Tensile strength &% 14 14 1004040 100 0 40 125 0s0 13 1224 b
4 Column 10 15 15 100:40:50 100 40 50 n 044 84 1067 .

A E44 fraction ¥
A PAE Fraction %
4 D230 Fraction %

Response BoxCox(Tensile strength,-0.004)

epoxy amine
index,jmp

Actual by Predicted Plot

BoxCox(Tensile strength,-0.004)
Actual

6
4
2
o . 1. Transformation (log)
LI 2. Model reduction
-2 1) 2 4 6

BoxCox(Tensile strength,-0.004)
Predicted RMSE=0.7304 RSq=095
PValue=<.0001

Effect Summary

Model with 1) index of epoxy/amine &

2) PAE mole/amine fraction

4 = Model Specification

Select Columns Pick Role Variables

Personality: | standard Least Squares

/23 Columns ‘ v | A Tensile strength Emphasis:

Enter column name Feltd o mphasis: | peeo Screening
41D e

ik molar ratio ey | :'R""

4 tadmoke Recall | ] Keep dialog open
A PAE mole i —

4 D230 mole [Ty |

A Index epoxy/amine
A PAE mole% in amine
A Pred Formula...nsile strength
4 Column 10

A E44 fraction

A PAE Fraction

A D230 Fraction

A fraction Sum

A Tensile modulus

A Elongation at break
A TgDSC

Construct Model Effects
Index epoxy/amine & RS
PAE mole% in amine & RS
Cross

Index epoxy/amine*Index epoxy/amine
Nest Index epoxy/amine*PAE mole% in amine

Macros ~ || PAE mole% in amine*PAE mole% in amine

Degree |2
RSM model

Attributes =
Transform =

No Intercept

Source LogWorth rae | T Tensile strength by
Index epoxy/amine 5.784 0.00000 . .
PAE mole% in amine 4751 0.00002 T index epoxy/amme &
Index epoxy/amine*Index epoxy/amine 2.677 0.00210 . .
( ) J PAE/amine fraction
Summary of Fit
RSquare 0.951649 DT —
RSquare Adj 0935532 ontour Frotiler
Root Mean Square Error 0730298 Factor ‘ Current X
Mean of Response 2510128 Index epoxy/amine :{f: 1324656
Observations (or Sum Wgts) 13 PAE mole% in amine (/': 04771583
Analysis of Variance Response Contour CurrentY LolLimit HiLimit
ys ETah — Tensile strength =———> 3068 16457202
Source DF Squares Mean Square F Ratio /
Model 3 94500144 31.5000 59.0463 08
Error 9 4801326 05335 Preb>F ’
C.Total 12 99301470 =
Press é -
Press z ’
Press Press RMSE RSquare =2
14.716008101 1.06395518  0.8518 é
Prediction Profiler e Lo
a
- 15
=)
5 3.592909 0 05
n [2.813917, )
o 7
3 4588652 5 7 7 A
g -
[ 0 08 1 12 14 16
© n oo~ @ oo Index epoxy/amine
° Sogarn © ° T Henkel
647
Index PAE mole% @
epoxy/amine in amine

8



PRE-FORMULATION STAGE
} CASE 4: FORMULATION FAMILY ANALYSIS BY HIERARCHICAL CLUSTERING

4 = Hierarchical Clustering Clustering History

Method = Ward, Standardized by Column Number of
4 Dendrogram Clustegr{s}
o 2 5 pairs have
28 very similar
5; formulation
25 0.03637 LCA_ 11 LCA 13
24 0.15684 LCA 17 LCA 31
23 0.29215 LCA S LCA 23
22 034829 LCA 4 LCATY
21 041286 LCA3 LCAS
20 041966 LCA 28 LCA 29
19 044374  LCA 10 LCA 14
18 047435 LCA1 LCA 2
[ 17 0.48811 LCA 21 LCA 22
16 049400 LCAS9 LCA 20
15 0.52621 LCA 24 LCA 25
14 054235 LCA S LCA N
13 0.62325 LCA 26 LCA 2T
12 0.67585 LCA S LCAY
1 0.87447 LCA3 LCAY
10 0.95185 LCA 4 LCA 24
g 110123 LCA 8 LCA 28
8 1.15347 LCA 4 LCA 30
T 1.62782 LCAH LCAZH
6 166297 Lcato a1 Clustering results depends
3 2.82621 LCA 4 LCAG H
o i sor2s Loar teato | ©ON factors selection.
S s 3 300879 LCA1 LCA3
A: monomer 1 e 2 404964 LCA4 LCAS
B: monomer 2 — 1 535511 LCA1 LCA4 @

C: oligomer 9



FORMULATION STAGE O ersheet Genf jmp
D CASE 5: 2K PU DATA ANALYSIS - TABULATE

4 = Local Data Filter 4 ~ Tabulate
ID = MO968-L42, MO268-L51

119 matching rows

D
L] Inverse MO968-L42 MO968-L51
~ D@9 - Date Date Batch |D, |Ot#,
plv 1/5 2/2 2/13 .
Batch Batch Batch
Modsa-La2 66 Ry 3000 200 3000 size, date' o
MQO968-L44 57 Lot# Lot# Lot#|
MO968-L49 29 142 001] L42_002] L51_002] L51_001
MQa968-L50 55 Raw Function |Raw name Sum Sum Sum Sum
6151 51 resin E 2050 ‘ ‘ 8.10
MO968-L52 25 G 1430 ‘ 1 70
MO968-L53 25 L ‘ ‘ 500
Filler F 050 . . 050 .
AND 8 1000 ‘ | w000 Only display
c 10.00 . . 10.00 . . .
: 200 ‘ (I ingredients used in
) 1064 . . 6.11
T | | e selected formula
1 0.06 . . 0.09
Hardener K 65.00 . . 65.00
Ad pro. A 1.00 . . 1.00
P/M characteristics
Mixing Temp 25.00 25.00
T e bt i Process & material
OH/1SO mixing v/v 4.00 4.00 4.00 4.00 . .
NCO/OH index 140 140 140 140 characteristics
Mixer type (1- Ross, 2-DP, 3-speed) 2.00 2.00 1.00 .
P-item |Properties Prop. comment
1.1 gel time, min T0 2400| 2500 2900, 1600
38, 1w 3200 3400| 3700 2200
38, 2w 160.00| 160.00| 4000 2200
38, 3w . . .| 2400
38, 4w . . | 2400
21 Tack Free time, min (TO 12000| 12000 11000  90.00 RESUHZS &
38, 1w 21000| 21000 130.00| 100.00 H HH
38, 2w 30000| 20000 140.00| 100.00 Aglng Stablllty
38, 3w . . 100.00
38, 4w . . .| 10000
3.1 Viscosity, 2rpm 0 30400.00 | 32800.00 | 72000.00| 87200.00
Viscosity, 10rom __[T0 26080.00| 26720.00 | 44000.00| 58400.00




Data Courtesy of Mr. Chris Verosky

FORMULATION STAGE Silicone screen_LAjmp
CASE 6: SILICONE DATA ANALYSIS - GRAPHS & TABLE

A - JMP Pro - o X

B Silicone scr
File Edit Tables Rows Cols DOE Analyze Graph Tools Predictum Add-lns View Window Help

HERSIER" | WEF T Q _ - ?F@ ML LA+ 2IOSO O,
- Dashboard
- 1] Graph Builder - ] Graph Builder - ] Graph Builder - Graph Builder - “E| Graph Builder - [2] Graph Builder
0.8
o7 25 08 4 120000
c
07 = 008
< c g 100000
<] S < o
£os 520 205 s £ -
g £ g s g3 £ ®| | € so000
g ] s 5
g 05 % o & < 007 g
8 15 S o4 g E 1 > 60000
2 04 H ) 5 g
£ & g 5 &
3 S 03 £2 2 40000
03 1.0
20000
02 % 500 1500 2500 3500
i - i
100 110 120 130 140 150 160 170 150 200 250 300 N0 400 450 16 17 water
Initial adhesion Intial tensile Initial elonaatiot fial hardness Shore A Filler %
> Silicone screen_LA > Intial Initial Initial | Initial Aged Aged | Aged Aged Aged  Adhesioc Aged  Tensile Elong

b Hardness r..ile & 3 more Sum wOE | viscosity water  tensile elon... hard... adh... adhe.. Tensi.. elongat.. Hardn... specime... n.. adhesio... retent.. on.

By hesionrsialahesion 0440000 85020 3463 202 200 21 1% 55 438 ES 659 00655 035 Adh 217 0
P> Tensile rete...ntial tensile

5 Emrin e 0440000 26600 712 188 251 20 107 2 7 173 284 00715 04 Coh 091 0
P Hardness r...ess Shore A 9440000 121600 2867 248 358 190 151 115 564 34 774 00533 076 Adh 227 0
P Aged speci...s, in vs. Run 9440000 64270 555 153 176 25 121 82 259 142 432 0085 067 Adh 169 0
< Columns (52/10) 9440000 44690 1256 244 295 3 132 42 239 152 317 007025 032 Adh 098 0
L 9440000 89330 3648 222 389 23 149 69 580 98 698 00555 047 Adh 261 0
= 0440000 52530 3650 214 440 23 152 63 422 85 618 0061 041 Adh 197 0
W Run @ 0440000 74230 3687 185 343 21 170 47 382 68 609 005375 027 Adh 206 0
> APDMS etc. (10/10) 9440000 25530 867 145 371 18 104 ESREY 144 252 007183 034 Coh 094 0
A sum DOE g6 9440000 42800 3081 174 348 21 125 42 282 84 549 006475 033 Adh 162 0
A viscosity 9440000 27900 975 215 379 25 116 47 205 163 202 0071 041 Adh 095 0
A water 9440000 29110 1227 197 418 0 116 29 239 177 272 006975 025 Adh 121 0
= Rows 0440000 42010 2205 218 296 23 129 40 o 20 389 00726 031 Adh 125 0
é”l IUW; 2? 0440000 44420 1318 201 263 22 13 4 24 181 292 007425 034 Adh 120 0

electe

) ® 9440000 41370 1357 259 280 23| 138 8 160 129 294 00725 062 Adh 062 0
Hidden 1]

Labeled 1]



FORMULATION STAGE

Data Courtesy of Dr. Weiyu Zhang

CASE 7: DMA ANALYTICAL INSTRUMENT- MODULUS VS TEMPERATURE

8l ECF DMA 2023-7-28 - IMP

File Edit Tables Rows Cols DOE Analyze Graph Tools Predictum Add-lns View Window
Hedd «aa) QB EEE .,
=ECFDMA2023-7-28 |4, =
P Medium A._evs. Temp -
P GB-E'&..tavs. Temp Sample Temp (C) E' (Pa) Tan delta
b GB-DMA2 2366 302 1496 0.54
b 2023-7-28 S61E
CF3350
~|Columns (23/0) ::’;E]G;;:’ o
B ) 59 others -58.1 7.63M -8.2m
ik Sample ~ 1 F16.1 - Med. Ag -39.55 5696700900 0.0148
A Temp (C) 2 F16.1 - Med. Ag -38.87 5906559000 0.0069
4E (Pa) 3 F16.1 - Med. Ag 3758 5800772100 0.0151
A Tan delta
dna . 4F16.1 - Med. Ag -36.66 5732715500 0.0098
5 F16.1 - Med. Ag 3543 5990764000 0.0141
= |Rows
Al Tows A 6 F16.1 - Med. Ag -34.55 6026911200 0.0119
o 0 7 F16.1 - Med. Ag -34.10 5890096600 0.0114
Excluded 0 8 F16.1 - Med. Ag -32.79 5713266700 0.0139
Hidden 0 9 F16.1 - Med. Ag -31.29 5889757200 0.0123
fabeled ® 10 |F16.1 - Med. Ag 3021 5723090400 0.0092
11 |F16.1 - Med. Ag -29.13 5876573200 0.0096

4 =L ocal Data Filter

Clear ||Favorites

950 matching rows

[ Inverse

> Sample (74)

F61.1(F46.3)
F61.2(F42.2)
F74.2(F46.3-125C 1hr)

F75.7(F46.3-Urea)

F78.1(F46.3-5009)

4 = Graph Builder
E' (Pa) & Tan delta vs. Temp (C)

9e+9

Te+
fed
Se+0-
440 |

3e+9

2e+9

Te+9
Be+8
e+
5e+8
de+8-
3e+8-|

E' (Pa)

2e+8

Te+8]

Be+7

0.4
0.4 -
0.3 |
0.3

0.2+

Tan delta

0.2

0.1+

T T T
0 100 200 300
Temp (C)

Sample

* F74.2(F46.3-125C 1hr)
* F75.1(F46.3-Urea)
* F78.1(F46.3-500q)
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Data Courtesy of Mr. Tom Silva

FORMULATION STAGE
} CASE 8: LCA VISUAL DATA ANALYSIS - NEEDLE BONDING




FO R M U LATION STAG E Data Courtesy of Dr. Zhongwei Liu
CASE 9: EPOXY SHELF-LIFE STUDY

Graph Builder
4 B c o 3 G H | ] K M N [ # a s T TLS vs. Aging week
2 Room ST 700 65 € (149 ) STM 700 Formula
: T5-101 Steel Lapshear T5-545 FPLETCH Aluminum 5101 Steel Lapshear ¥39 x40 Al %42
Tensile Tensile Tensike . ™
Specimen stress at | Failure | Specimen stress at| Failure |Specimen| stressat | Fallure |* . oo e ooe
label | WAt Overlap || Mode | label | "9 OV | s | wiade | label |V OVEMER | iy | ode 4500 [ oo .o sse F-A < [] [ haad = hod
5 m Load m Load ot 4000 o . .
6 UNT_| Gin) | Gim) | IPsN) unT_| (il 1Ps1) n
7 3921 | 100 [ 0555 | 4070 [adh/eoh]| 39-21 4150_| coh/a| adh 3500 .
a 3922 | 100 | 0500 | 4260 | adh | 3922 4300 | adh/c] Xc e adh/coh .
0 3323 | 100 | 0485 | 4270 | adh | 3023 | 100 4190 | coh/a 0 | adn 3000~ * &
10 AVG | N/A | 0513 | 4200 | N/A | AVG | WA a213 | w4 7 | NA 2500 ® . . ° . 2
1 STODEV | N/A | 0.037 | 113 | N/A | STDDEV | NjA 78 | N/A [ STODEV] WA 0.007 | 117 | WA P ™ .o . - : o H . . . . .
12 4021 | 100 | 0.637 | 4280 | adh | 4021 | 100 4310 |adh/coh | 40-2-1 | 1.00 | 0,545 | 1660 | @ 2000 3 ee " N . * °e
13 4340_|adh/coh| 4022 | 1.00 4280 | cohfadh| 2022 | 1.00| 0.730 | 1580 | = . ° 4 . .
14 4170 adh A40-2-3 1.00 4250 | adh/coh | 40-2-3 | 1.00 0.647 1750 a 1 500 L L :
15 I 2wk 4263 fA 4280 N/A AVG NfA 0.641 1683 NfA 1 000
16 aged 86 A 30 Nfﬁ STDDEV | N/A 0.093 85 NfA
17 ||formulati 3880 |adh/coh 4480 |adh/coh| 4121 | 1.00 | 0615 | 1880 | adh 500
18 on 4220 |adh/coh 4450 adh 41-22 1100 0.562 1390 adh
19 4390 adh 4350 adh 41-2-3 1.00 0.565 1470 adh
20 4163 | N/A 4427 | NjfA AVG | NjA | 0.581 | 1580 N/A 4500
2 260 | NjA 68 | N/A | STODEV| N/A | 0.030 | 263 | N/A 4000
2 4030_| _adh 4920 |adh/eoh | 42-2-1 | 1.00 | 0607 | 2030 |
] 4380 | adh 4270 |adh/coh | 42-22 | 1.00 | 0.540 | 1800 | adh 3500
24 4380 _|adh/coh 4460 adh 42-2-3 | 1.00 0.548 1990 adh 5 ?
s 4263 ass0_ | N/A AVG | NjA | 0.565 | 1940 NjA TS 3000 8 !
26 202 A 334 N/A_ | STODEV | N/A | 0.037 123 NJA 2500 . L] L ] [ ] <
z 4330 _|adh/coh 4360 |adh/coh| 3941 | 100 | 0530 | 894 adh ] ... ... ..‘ o - . e © ;
28 3050 | adh 4270 |adh/coh | 39-42 [ 100 | 0520 | 1530 adh 2000 = : *e ® H ° ) . L]
29 3760 adh 4170 | adh/coh | 39-43 1.00 0535 1840 adh 1 500 | [ ] L ]
) 4013 | N/A 2267 | N/A | AVG | N/A| 0.528 | 1421 | WA .
3 200 A 95 N/A_| STODEV | Nj/A | 0.008 | as2 NjA 1000~ .
2 4260_|adh/coh 4250 |adn/coh | 40-41 [ 100 | 0578 | 1250 | ooh oo .
) 4200 | _adh 4410 |adh/coh | 2042 [ 100 | 0545 | 1240 | oadh 500
u 4140 | adh 4420 |adh/coh| 2043 | 100 | 0575 | 1390 | adh
35 | dwks 4200 | N/A 4360 | N/A | AVG | NJ/A | 0.566 | 1293 | NjA - M *
36 || aged 60 /A 95 /A _| sTODE A | 0018 | e84 N/A 4500 . . ) ... C.O 1) L] % L [ 1) o L
37 ||formulat 3330 | ach 0.620 | 4370 adn/coh| 4141 | 100 0570 | 1370 | = [ . o 4 ™
8| on 4340 _[adhyzoh 100 | 0521 | 4450 |adh/coh| 4142 | 100 0511 | 1450 | = 4000 bad : [} had L : .
» 4440_[adh/coh| 4143 | 100 | 0581 | 4600 | adh | 4143 | 100| 0540 | 1550 | @ 3500 b
40 AVG Nfl 0.492 4370 N/A AVG N/A | 0.574 4473 Nfﬁ AVG NJA 0.540 1457 NfA 3000 Y .
4 STODEV | N/A | 0.044 | 61 | N/A | STDDEV | NjA | 0.050 | 117 | N/A | STODEV| N/A | 0.030 | 90 | njaA %‘
2500 ° =
L
20007 : b o soe oee ° ° ¢ ® ® : A
1500 . o0 & [ oo o .
5 1.epoxy aging data - IMP 1000 . -4 .
File Edit Tables Rows Cols DOE Analyze Graph Tools View Window Help 500
; 2 & Y | . om
Hagdcwa. iDEEEL : 2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8
=1epoxyagingdata 7| 4 = Substra Replic Aging Temp Aging week
- ] Formula  te ate  week erat.. TLS s o
1 2039/02/01 x39 Steel i 225 4070 Temperature  * *
2 2035/02/02 x39 Steel 2 2 25 4260
3 2039/02/03 %39 Steel 3 2 25 4270
4 2040/02/01 x40 Steel 1 2 25 4280
5 2040/02/02 x40 Steel 2 2

25 4340 1 4



Data Courtesy of Dr. Susan Jin

FORMULATION STAGE Cat CCDjmp
CASE 10: CATALYST MIXTURE OPTIMIZATION

10-run face-center CCD design 4 = ContourProfiler
: Factor Current X
B8] cat ccD - IMP . A 1
File Edit Tsbles Rows Cols DOE Analyze Graph Tools Predictum Add-Ins View Windg Cat_T/Cat_A ratio [:{\fl 1
HREd @ |Q /|8 e e Cat tot amount <::> 0.0528
~ Cat CCD DK = — -
Iies':f:d;ennal Composite Des . Patt Ca;_A Cattot | Potlife | Formula Pot Rm i i i . Contour Current Y | Lo Limit Hi I.II'I'Ilt
b Evaluate Design . em ratic amount (min) life (min) — Pred Formula Pot life (min) CiIQ}:t:J 50| 78.037536 20] 28
b DOE Dialog 1= 0 00528  40.57 38.50 N - !
b Design spac...t vs cat ratio _ . ! | ol
B Fit Model i e ¢ =2 0.170 I
B FM ~-0.5 3|a0 0 0.088 1n 11.45
B Contour Pro...Pot life (min) 403 0.5 00528 87 95.46 0.160 -
= 508 05 01232 145 1452 I Better RObustneSS
=|Columns (7/0) 600 05 0.088 26.53 27.06 0.150 I I:
N o 7|00 05 0088 2013 27.06 ]
k. Pattern & _
A Cat_T/Cat_Aratio % Sl 1| 00528 e 7804 0.140 I I
4 Cat tot amount 3 9 ++ 1 01232 289 2941
A potlife (min) % 10| A0 1| ooss 402 3072 > 0130 | 4 I
A Pred Formula Pot life (min) < E
3 0.120 - . :
r— 2 I l Prediction Profiler
Cat tot amount vs. Cat_T/Cat_A ratio ‘E 0.110 - I I = 100 4 :
] L] [} = a ] :
are X 0.100 I | 5= 807 i
3 = H
on e E Eoxros 97 i
0.0%0 I 2.2 40 §
0.0 - = e :
- ] 20 :
é 0.080 iz 0] :
5 0.09 -1 .
s | °® ® ? 0.070- A L
% c o o o S g T
b ) cC oo o [= =]
- 0.060 0.5 0.088
Cat 1/ Cat tot
0.06 Cat_A ratio amount

0 0.2 0.4 0.6 0.8 1

L] L] [ - .
005 Cat_T/Cat_Aratio ™
0 02 04 06 08 10 ‘Iﬁa’
Cal_T/Cat A ratio



FORMULATION STAGE

CASE 11: FAILURE MODE ANALYSIS

E3} Sealant FM - JMP

File Edit Tables Rows Cols DOE Analyze Graph Tools Predictum Add-Ins View Window Help
EBREd s RalEoQ . I @BEEE L
~ Sealant FM b4 [S
b Tabulate - Tensile strength E STM700 STM700
b Fit Y by X of ST...trength by Sealant Sealant Subst Conditioni Repli Tensile failure
P Mean(STM700 T...ngth) vs. Sealant 2 rate ng cate strength mode 2
P Contingency . c® A N 1 s64 adh/con
P> Contingency Analysis - S, 260C c2 Ss  |1000n204C |2 adh
P> Contingency An..RTV 103 vs SI594 3 1000n260C |3 ‘coh
P> GB- Bar chart -minic Mosaic 6 4 powder
b GB- Mosaic plot cs s adhysup
b Contingency falilure mode 8-3-23 | (| ckes 0
1c2 Al No 1 143 adh/coh
< Columns (7/0) 2c2 A No 2 802 adh/coh
5 3/C2 Al No 3 97.8 adh/coh
&L Conditioning ¥ -~ 4.C2 Al No 4 99.8 adh/coh
& Replicate 5c2 A Ne 5 138 adhycoh
4 STM700 Tensile strength 6/C2 Al 1000nh204C 1 210 ‘coh
th STM700 failure mode 2 7|Cc2 Al 1000h204C 2 248 coh
Il ocs 8c2 A 1000h204c 3 281 coh
9|C2 Al 1000h204C < 302 coh
IR0 10/c2 A 1000n204C 5 375 coh
All rows 460 =
selected 0 1M[H4e A No 1 114 adh/coh
Excluded [1] 12 H4 Al No 2 96.3 adh/coh

4 = Local Data Filter 4~ Oneway Analysis of STM700 Tensile strength By Sealant 2

0

Show [¥] Include

115 matching rows ‘§ 0 N
[ inverse 13
~  Substrate(2)  x i
] — 2
= -
= Conditioning (3) § -
g 5 H
1000h204C 100 & P A4 CETa
Y a w VA
1000h260C 40 4 $a &t -
T VXA N T
UMY U T E T T I T §E' Tukey-Kramer
k4
Sealant 2 oo
4 Means Comparisons

I =Comparisons for all pairs
using Tukey-Kramer HSD

4 = Local Data Filter

Data Courtesy of Mr. Tim Graver

Sealant FM.jmp
4 =|Contingency Analysis of STM700 failure mode 2 By Sealant 2

4 Mosaic Plot

Show [v] Include 1.00 coh
115 matching rows F
[] Inverse
o~
¥  Substrate (2)  x g 075 adh/coh
I = \ 2
=) Conditioning (3) g
= 0.50
No =
1000h204C 8
1000h260C =
5 025 adh
0 I3 N."“, w.“,“‘,'"’"'!ls "’.I‘. “_‘.I‘-:.I —l‘m $\r_ 8I° g\
5U000305553 2222788532858
I‘ T
Sealant 2
4 ~Local Data Filter 4 \;\Gmph Builder
STM700 failure mode 2
210 matching rows Il adh
[] Inverse -:g:}lgzg
52 Substrate (2) x = Il coh
° I powder

1000h204C
1000h260C 40

Count

Bujuonipuo)

J¥02Y000L

80% |
20% |
80% |
40%|
20%

BT [ MINOGLEG S

o == T =

T

X = R&g
J =) T :
Sealant 2 1 6

@, o ]
|uuuuu \

@
n

P}
u

Where((Substrate = Al) and (Conditioning = No, 1000h204C))



Data Courtesy of Dr. Lei Zheng

FORMULATION & APPLICATION STAGE
CASE 12: PROCESSING STUDY - SPRAYABLE SEALANT

Case:

« A sprayable sealant is used to protect metal joints. -

* The sprayed beads need to satisfy dimension spec and surface quality N -
» Spray processing parameters and sealant viscosity affect spraying results. =g

« Experiments (38 runs) were performed not in DOE fashion
« Seek JMP help in guiding project direction

Key Variables:

» Spraying pressure

» Spraying nozzle type

» Spray head travel speed

» Sealant viscosity
Measurements:

» Deposit width (20-30mm)

» Deposit thickness (2-3mm)




CASE 12: SPRAYABLE SEALANT
MODEL REGRESSION

4 B8] two viscosity Subset of robot spray - JMP

File Edit Tables Rows Cols DOE Analyze Graph Tools Predictum Add-Ins View Window Help
EErEIEEYCRCWE T LI
| (= two viscosity Subset of robot spr... | < -

I Source = | Formula | Viscosity Real Pressure | Speed Thickness,
1 b 23-thickness D 0.58-1 Nozzle psi mm/s  Width, mm mm

P 9320 width 23-384050 198k 0,026 1500 500 435 a1

P 9320 thickness TR 5

P Distance vs widt...d thickness graph |
3 P 23-373588 width
| b 23-373588 thickness

P robot analysis

> FM all 3 RSM ex 31 (= itk 400 00 i L

B FM ex 93205F, ex8(31) 1/23-384059 163420 0011 600 400 22 23

> FM ex 9320SF, ex8(31) 7/5 2|23-384059 163420 0011 750 600 22 .
1 b Fit Group - low viscosity 7/5 3|23-384059 163420 0011 800 400 325 28
= Columns (14/0 ‘ 4(23-384059 163420 0011 1000 600 30 23
» 5|23-384059 163420 0011 1200 600 35 18

R FEmUEID 6 |23-384059 163420 10014 1200 400 355 261

ermula X > Fit Model - JMP

A Viscosity 055-1 3% 723-384059

. Nozzle 3¢ ® 823384059 4 . Model Specification

A Real Pressure psi 3¢ 9 |23-384059 S C Pick Role Variabi >

A Speed mm/s 10 | 23-384059 EIecCORIMDS fe e anabics Personality: | giandard Least Squares
A Width, mm 11|23-384059| | =14 Columns A Width, mm i

A Thickness, mm 12|23.384059 ||t Formula 1D A Thickness, mm PRasIs: | Effect Screening
A Smoothness A Viscosity 0.55-1 )

WL Presure gauge 132330059 80 [V Fit Separately

Wk Panel ID 14[23:384059 || g0 o I

A Pred Width, mm < 1523384059 e [CHein |
A Pred Thickness, mm & 3k A Speed mm/s [ Recall

, mim < 16|23-384059 || g width, mm Recall | ] Keep dialog open

A Static pressure psi 7123389059 ;

A Distance betwee...le and panel (inch)s A Thickness, mm Remove

18 |23-384059 ‘ Smoothness Ie truct Model Effects
=5 1923384059 | |t Pressure gauge SISHUCUYIO0E Flech
|=IRows ‘ 20|22-384050 | | tha Panel ID [ Add||Viscosity 055-1&RS
’g‘*:légg; 43 2123-384059 A Pred Width, mm Nozzle
Real Pressure psi & RS

A Pred Thickness, mm

A Static pressure psi

A Distance bet...d panel (inch)
Full Factorial
Factorial to Degree

Factorial Sorted

Cross
Nest
Macros ¥

Degree m
Attributes (v
Transform (v

Ao Ints

Response Surface

Mixture Response Surface
Polynomial to Degree
Scheffe Cubic

Partial Cubic

Speed mm/s & RS

Viscosity 0.55-1*Viscosity 0.55-1
Viscosity 0.55-1*Nozzle

Viscosity 0.55-1*Real Pressure psi
Nozzle*Real Pressure psi

Real Pressure psi*Real Pressure psi

+| Viscosity 0.55—1‘Speed_mm/s

Add selected columns as the effects |
in the model with all square (A*A, mm/s
B*B, C*C) and crossproduct (A*B, A*C, /s

|

B*C) terms.

Summary of Fit
RSquare 0.925068
RSquare Adj 0.91336
Root Mean Square Error 3.0265
Mean of Response 26.95789
Observations (or Sum Wagts) 38
Analysis of Variance

Sum of
Source DF Squares Mean Square
Medel 5 36183822 723716
Error 32 293.1105
C. Total 37 39116926
Parameter Estimates
Term Estimate
Intercept 23.989157
Viscosity 0.55-1(163420,198360) -2.523687
Nozzle[0.011] 27546640
Nozzle[0.026] 10.736634
Real Pressure psi{400,1500) 6.4729621
Speed mm,/s(400,600) -1.960255
Summary of Fit
RSquare 0.839693
RSquare Adj 0.81384
Root Mean Square Error 0.279715
Mean of Response 2.583734
Observations (or Sum Wagts) 37
Analysis of Variance

Sum of
Source DF Squares Mean Square
Medel 5 12.704820 2.54006
Error 31 2425451
C. Total 36 15.130270
Parameter Estimates
Term Estimate
Intercept 2.3881589
Viscosity 0.55-1(163420,198360) -0.130877
Nozzle[0.011] -0.294002
Nozzle[0.026] 0.7167315
Real Pressure psi{400,1500) 0.2910259
Speed mm,/s(400,600) -0.24062

Data Courtesy of Dr. Lei Zheng

F Ratio
79.0100

9160 Prob> F

Std Error t Ratio Prob:|t]
0525424 4566 ’
0517961 -4.87
0.716668 384
0717852 1496
1.027582 6.30
0503582 -3.80

F Ratio
32.4764

0.07824 Prob>F

Std Error t Ratio Prob>[t]
0.04038 4836 <.0001"
0.048455 -2.70 0.0111*
0.068364 431 0 ’
0.067508 10.62 =
0.006183 303 O
0.047461 507 =

18



Data Courtesy of Dr. Lei Zheng

} CASE 12: SPRAY PROCESSING VS FORMULATION VISCOSITY

Higher sealant viscosity

Prediction Profiler

E_ | 40
= e a— e  aami
20 I/\ — r/—'
10
E
Eociq3on 35
9 - S—
e sl 25 e
£ 15 T/ r/,/
. 1
£ 0.75
T0.979913 05
2 0.25
0

o o o - 8 - 2888288288 2888 yuuwm-

g 8 B o o SEEERFF FRAE d=3
7307 A7 412.1766

Viscosity 0.026 Real 577.20744

0.55-1 Nozzle Pressure psi Speed mm/’s Desirability

Lower sealant viscosity

Prediction Profiler

40
E . -
3 R | — S
£ S = e
10
£
E ., 35
g o
£ AT | S — B
A 15
:
) 0.75
§0.427437 05
& 0.25
0

o o o ~— W - 0D0CO0OO0O0O0 O O O OO0 W oW oW o~
g8 g g s g $EEE5§F £ EE E Harn
E 28 = ° -

163420 640

Viscosity 0.0 Real 400

0.55-1 Mozzle Pressure psi Speed mm/s Desirability

» The spraying conditions need to be adjusted depending on sealant viscosity
« High n: wider nozzle slot, faster speed
« Low n: narrower nozzle slot, slower speed

19



Data Courtesy of Mr. Kunal Rath

FORMULATION & APPLICATION STAGE TIMjmp
CASE 13: THERMAL PERFORMANCE -THERMAL INTERFACE MATERIALS

4 =/ Graph Builder

e w————s b BNr B b B B Bw B o File
’ : ) * 4713
* 5/16

Location_1 [°C]

e e e e e e e e e e

200-

Power Draw [W]

M T oo
. j:iii;iiii;-i!;::iiiii P
P i 1 i 1 i v Rt : . - . M - .
B - e Lebbbibbubiihioil ik bhuouwhuwi ki
File Edit Tables Rows Cols DOE Analyze Graph Tools Predictum Add-ins View Window Help 100 to . . . . . " : ' - . : ;
5 = = i B O B . e ] LR T A T R O T . I I T TR P
idadd saal Q QEEEFL>P. P T T S R T il [T TR FE-E PR T HE VoL
Sk 2K < B VPR WP PR VPR PR U WIFR S S S VI W ) PR W U W WP T VP R S
ource
P GPU Te..me (min) Segme Time(
P GPU Te..me (min) Me Dute Mode ot | 59
— 43 Jan062023 Cooling 1 24X
w Columns (54/1) 516 heating L]
a soaking 9
e Heating 4
ok File Soaking 2 [v)
4 Date - Jan012023 » Sothers 0 bl
h Mode 21 413 Jan012023 431:11 PM soaking 1 20 N,
th Segment 22 4513 1an012023 431:12 PM  soaking 1 21 H
A L] =
i‘:’ﬁ’m pe— 23 4013 Jan012023 43113 PM soaking 1 2 5
= 4 41 :31:1 1 S
e 319710] 2414113 Jan012023 431:14 PM soaking 23 K]
colachad : 254113 Jan012023 431:15PM soaking 1 2
Excluded 0 26 4/13 Jan012023 4:31:16 PM  soaking 1 25
Hidden 0 27 413 Jan012023 431:17PM soaking 1 2
labeled 0 28/4/13  Jan012023 431:18PM soaking 1 27
| 29 413 Jan012023 4:31:19 PM  soaking 1 28 20 T T T T T T T T r
| 30 413 Jan012023 4:31:20 PM soaking 1 29 500 550 600 650 700 750

Time (min)
20



FORMULATION & APPLICATION STAGE
CASE 14: PRINTING DEFECT TROUBLE SHOOTING

B8] pinting v2 - JMP [2]
File Edit Tables Rows

Cols DOE Analyze Graph Tools Predictum Add-Ins View Window

HeEd s aal la iBEEEL=

~|Pinting v2 [ KR\

b Partiti...teel rod = Print

P Predict...eening Sample Factor | Factor Factor Factor Factor Factor |Pinhole

- D A B (o D E F rating

(= Columns (/9 |~ 1 5020028, 1 No 05 6 0.5 No 0

i 22020010.. 09 No 075 6 1 No 0

i Print Sample 1D 3 2020010. 0.9 No 17 1 No 0

octon 4 2020030... 1 No 075 6 1 Ves 3

ik Factor B

g [Rmnetes 5 2020030.. 09 No 095 6 1 Ves 3

Wk Factor D 6 2020030.. 09 No 16 0.8 Yes 3

A FactorE 7 1 2020030. 0.9 No 09 6 0.8 Yes 3

:fj’(:‘of ) 8 2020030.. 0.65 No 056 0.5 Ves 0
inhole rating 9 2020030.. 075 No 075 6 1 Yes 3

~Rows 10 2020030..  0.85 No 09 6 0.8 Yes 3

All rows. 21 11 2020030. 05 No 09 6 0.8 Ves 3

6 factors of processing variables : 21 runs

Partition analysis

Split Prune Number
RSquare RASE N of Splits AlCc
0.422 1.0358648 21 3 75.0754
\
~IAll Rows
Count 21 Logworth Difference
Mean 1.952381 2.368198 1.8
Std Dev 1.3955712
[
| |
> Factor F(No) * Factor F(Yes)
Count 6 Count 15 Logworth Difference
Mean  0.6666667 Mean  2.4666667 0.5314555 0.7
Std Dev 1.2110601 Std Dev 1.1254629
P Candidates [ [ |
~ Factor B(Yes) ~ Factor B(No)
Count 5 || Count 10 Logworth Difference
Mean 2 || Mean 2.7 0.1304856 0.6
Std Dev 1.4142136 || Std Dev 0.9486833
I Candidates ’—k—‘
= FactorC<0.9 ~FactorC>=0.9
Count 5 || Count 5
Mean 2.4 || Mean 3
Std Dev 1.3416408 | Std Dev 0
I Candidates I Candidates
4 Column Contributions
Number
Term of Splits ss Portion
Factor F 1 13.8857143 0.8457
Factor B 1 163333333 0.0935
Factor C 1 091 0.0548
Factor A 0 0 0.0000
Factor D 0 0 0.0000
Factor E 0 0 0.0000

Predictor screening

~ Predictor Screening

Pinhole rating

Predictor  Contribution Portion Rank ~
Factor F 7.39516  0.3752 1

Factor D 7.06880 03587, |

Factor E 1.98505 01007 [ 3

Factor C 1.58876  0.0806| | 4
Factor A 0.88666  0.0450 | 5
Factor B 0.78383  0.0398| 6

21



SCALE UP & MANUFACTURING STAGE

CASE 15: TROUBLE SHOOTING - LOT-TO-LOT ANALYSIS

4~ Graph Builder
POLYOL VENDOR BATCH & 2 more vs.

YearQ & Run

PP20122202
PP20121801
PP20121602
PP20082502
PP20073001
PP20020401 [ ]
PP20013101
PP20013001
PP20012501
PP20012101 ]
PP20010202 ]
PP19121901 [ ]
PP19120902
PP19112501 [ ]
PP19080101
PP19052101
PP19032901
PP18122602 ]
PP18110501
PP18080602
PP18071801
PP18071001
PP18070501 [ |

PP18062502 r-

POLYOL VENDOR BATCH

PP18051101
PP1906002

Uw20427661
UWw19821643
Uw19821143
UW18810584
Uwissoseso I | I
Uw20C33728
UW20A31729
Uw18C13511
UW18A12113
UW13A11884
UW17B02504
120718B4A
080420B4A
072519844
061213844 | ]
020718B4A

Cat_A VENDOF

'L.

Cat T
VENDOR
BATCH

—AMTLWMNORO
=

12
13
14
15
16
17
18
19
20
24
25
26
2
28
29
30

21
22
23

31

33
34
35
36
37
38
39
40

42
43
44
45
46
47
48
49

51
52
53
54

56
57

e

201803
2018,Q
2019,Q1
201902
2019x14
2019,Q4
2020,Q1
020Q2

o~
YearQ / Ru

2020,Q3 32
2020,Q4 41

n

2021,Q1 50

2021,Q2 55

Pot life initial-24
30
20

L
0Po‘[ life initial-24

-10
-20

lot-to-lot v2.jmp

22



BENCHMARK STAGE

} CASE 16: SILICONE SEALANT COMPARISON

10 Sealant - Oneway of Tensile strength by Adhesive 2 2 - JMP

File Edit Tables Rows Cols

RS I=1 -1 )

DOE Analyze

la _J:

Graph Tools

Predictum  Add-Ins

Data Courtesy of Mr. Tim Graver

View Window Help

ik 2 @0 N PR+ 2SO O,

4 = Column Switcher

~/9 Columns
l(’)@r A Shore A
&5‘;’“ A Tack-free time
~
—r—_ 4 Elongation
s A AITISRT
4 Al TLS 204C 1000hr
v s 4 AITLS 260C 1000hr

A ALTLS avg retention 204C(%)
4 ALTLS avg retension 260C(%)

tame &
B3 Sealant - JMP
File Edit Tables Rows Cols DOE Analyze Graph Tools Predictum Add-Ins View
Begd s LBl iBEEELE .
«|Sealant P4\ & Tack-
b Oneway A..Adhesive 2 ® Subgr Adhesive free
oup 2 Company ShoreA time
= |Columns (31/0) 4 €33 Henkel 59 525
2 H3 Competitor
* 3 HS
ik Subgroup ~ 6 H6
ik Adhesive 2 % U 1766
W Company o 3 others |18 others 175 25
4 shore A 1 1C2 Competi.. 30 75
A Tack-free time v 2 1¢2 Competi... 31 7.5
SRows ] 15 o
All rows 140 4 12 29 ’
Selected 4] 5 1cC2 29.5 .
Excluded 0 6 1 H4 25 125
Hidden 0 7 1 H4 Henkel 26 125

4 ~Local Data Filter

Show Include
25 matching rows

[] Inverse

~| Adhe... (23) *

4~ Oneway Analysis of Tensile strength By Adhesive 2

900
800~ _ 8
700+ e

S

S 600

B

@ 500

.

2

@
300
200 O
100 :

Ccs8 Cc08 ! C.57 H_45 H_999 All Pairs
Adhesive 2 Tukey-Kramer
0.05

4 Oneway Anova
I Summary of Fit
P Analysis of Variance
P Means for Oneway Anova
4 Means Comparisons
4~ Comparisons for all pairs using Tukey-Kramer HSD

4 Confidence Quantile
q*  Alpha
2.99238 0.05
"' HSD Threshold Matrix

4 Connecting Letters Report

Level Mean
C57 A 816.20000
H_45 B 755.00000
H_999 C 395.20000
c8 C 371.00000
C_08 D 194.20000

Levels not connected by same letter are significantly different.

23



BENCHMARK STAGE LCA multi-lotjmp
} CASE 17: BATCH CONSISTENCY- LIGHT CURE ADHESIVE COMPARISON

4 ~ILocal Data Filter 4~ /Graph Builder
Dosage,W, time | [e:4)
2,1 22 enkel_22
714 matching rows 40 B Henkel 61
[J Inverse Il Henkel 72
£ 30 . C80
=] UV system (3) = * Henkel 22
280mm D-bulb E 20 * Henkel 61
s
~ Needle/Hub 2(19) * el icnkelh2
22.PPp 1955 IS
22Ps 35 IS
0- 3
22,pU 35 T 3
27.ABS 104 3
27 Acyli O 80%
JAcrylic 35 =
27,pC 2276 (ST
. ©
d Adhesive (16) 3 40%
1180M-SV-05 294 % ° g
1180-M-UR 815 & 0% ® L LA AN ([ ] ([ ] ® o
AA3554 25 0% L g
AA3922 1232« z
5
~| Dosage,W, time (12) g 30 ~N
2,1 3
2,2 555 g &
2,4 718 s
£ 10
25 1670 &
2,10 394 0 o
~ Cond. &time (17) . 100% . fal
SLC,0.5hr 154 S so%
SLC,1day 41 % [ ] [ ]
60C,30 days 40 Jiggcce L4 L [ ] ¢ L b4
60C,4 weeks 140 v 8 a0% ° [ ] ® o ®
] ) ° [ L] [ ]
= Testing date (18) 3 aow [} ® o — ° P (] ° ~
02/23/2017 40 ~ . ) [ I J ° ° A
03/27/2017 59 0% 2 2 2 = B 2 - B B B B 2 2 2 2 2 £ &8 2 2 2 @ £ > 2 = B B > > 2 2 2 2 2 = 2 92 o
o =) =] =T =3 =3 1<) i} =T =) =3 1<} o o =3 ° =3 =3 =B =3 o =) =] =T =} =3 1<) i} =3 E=) =3 1<} o o =3 Test'ng
os/24/2017 o $§8323§§§332§3§333§3§§3§§§§3§f§§s§g33¢§8s%
p6/15/2017 2, S5 s s Sfess s sesfisssesiigeseiissgs iy pate
s 8 8 & - 5 8§ &§ 5 & - 5 8 &§ 8 & - 5 & &8 & & & = 5 & 8 5 2 - 5 5 & & & = 5 o
o © = © ~ S o © e © = © ~ =] o ©
2 2 S 2 IS S 2 2 2 H 3 2 N 2 3 3
S g 3 5 3 8 2 5 g 3 N @ 8 2
[ v 38 3 ¥ IS T 3 v = H v] IS T
o < =4 < < = z w b4 x < 4 o I
2 = g I z = 3 = 8z z $ Batch No.
- © ) " 2 = &5 = far) L} 4 -
] ] ] 5) m = T = — o
o & = ~ o & = ~
w\ NI AD‘ '\I co\ N\ kD‘ '\I
S ] ] El ] © T Kl .
E - z : £ Adhesives
T T T T T T

Adhesive 2 / Batch # 2 / Testing date
Where({(UV system = 405nm) and (Needle/Hub 2 = 22,PP,p, 27,PC) and (Dosage,W, time = 2,1, 2,2) and (Cond. & time = SLC, 1day))

18 reports, various adhesives, multiple lots, various test times 24



BENCHMARK STAGE

Data Courtesy of Mr. Andy Messana

’ Paralleljmp
4~ Graph Builder
a
E5] Parallel - IMP TLS PC/PC, t0 & 14 more
File Edit Tables Rows Cols DOE Analyze Graph Tools Predictum Add-If t t t t t t t t t t t t t t t Adhesive 2
FHREd cGa@ o i DEHEE = C_5RS
= 18000~ 4500.0- 2000.0+ 1000.0; 7000.0+ 350.0+ 45~ 17.5+ 13000+ 350.0— 47.0+ 340+ 425+ 320+ C5UR
(= |Parallel D‘ 4, = =L
P Source il = C_15R
b Parallel plot ] Adhesiv TLSPC/ | TLSPC/ TLSPC C_50H
P Parallel plot -8/3 Summit e2 PC, t0 HDPE,t0  PC, DI E'_:}TM
1 C_5UR 2091.0 8455 2071 -
~IColumns (17/0) | - | H_3
n ®2 C55C . . | H 56
va 3 C_50H 1626.5 1781.0 1556 —H_%
TLS PC/HDPE, DH ~ |
ATLSPC/PC, 80C 4 C_8TM 2662.3 644.8 3237_ !
ATLSPVC/Glass 10 5 C_5RS 32686 4381 3487
A TLSPVC/Glass, TC 6 C_6M 3802.9 760.8 4136
A Tensile strength 7 C_15R 39278 559.4 3820 \
A Elongation | |
8 H_56 1140.9 9489 1059 \
A Modulus = 1 1\
A Water uptake % 9 H_9% 37576 7828 4343 '
A Pulladh PP/22gSS, 10 10 H.3 4359.3 695.3 3373_
A pulladh ABS/27gSS, t0 11 H_1 2687.2 656.4 2668
A Pulladh PP/22gSS, DH |
A Pulladh ABS/27gSS, DH
ik Adhesive . |
[=|Rows. V \ \ \
All rows 1 ~ ( \
. ‘ ’
400.0  1000.0 250.0 1 100.0 - 2500.0 0.0 0.0 00+ 2000 50.0 - 4257 260 225+ 285
=) =} T T ] = = ) = = [S) =] [=] T T
g u o e 3 o 2 2 ) a = w u e a
(2 & g & J [ ) 3 E:] L] 2 s S a a
J T > =) = i < = o G} [G] o ~ o =)
& < Y I O o 2 2 o S o Q a N
a & u o > G z = ) Ey a o o
= a7 2 a ) S = o o = < o o
2 9 = & E 9 " 5 = < <
F = & 2 3 3 3
. = = = ®
Each property has its own scale gz F s

No scaling as used in Excel spider chart

TLSPC/PC, tO & 14 more

Henkel
25



JMP-BASED
FORMULATION WORKSHEET
DEVELOPMENT

Design, Calculate, Record, Analyze ... Formulation

Using JMP, Instead of Excel

26



} ADHESIVE FORMULATION CALCULATION

A. One component adhesives (1k)
*  No mixing, stable during storage
*  Super Glue, RTV, anaerobic, light-cure adhesives, ...
* 1k heat cure adhesive like epoxy
- Stoichiometry (index) :
molar ratio of epoxy to amine (or acid)

B. Two component adhesives (2K)
» 2k epoxy, 2k polyurethane, 2k silicone, ...
* Require mixing by
- index
- volume ratio
- weight ratio
- typically, combination of index with
volume/weight

C. Excel is used in formulation calculation
. Equivalent weight of function group
. Density

7 LOCTITE

AR 3462
R ol

!

ARG

U

a3V 00L5 IS
JLILDGT



FORMULATION WITH EXCEL

Ingredient
—

Charact. /
process

Results =

=N4K2<=—|mxc'ﬂo=§r-=!_=01mﬂﬁﬂ)\;l

150C/30min Resistance (ohm) =

180C/30min Resistance (ohm) -
jin Volume resistance (Ohm-cm) * E4 =
Wimk =

Al claming pressure (PS) =
180C/30min AI TLS (psi) =

180C/30min Al TLS (psi) STDEV =
AITLS failure mode =

din, Coating thickness (after cure, mil) =

50C/60min Resistance (ohm) =
Wimk =

150C/60min TLS operator

Al claming pressure (PST) =
150C/60min AITLS (psi) =
150C/60min Al TLS (psi) STDEV =

Formula

GT

228 | 2128 | 2128 | 2m8 [ /28 312 3R 37 32 | 3
Fro | FT2 | F1.2 | FT2 | F121 | F124 | F122 | F12.2 [ F122 | F12.2 | F139 | F13.2 | F13.3 | F13.3 | FI3.6 | F137 | F13.8 | F14 | F14.1 | F142 | F142 | F151 | F15.1 | F151
294 | 314 | 314 | 294 | 285 | 201 220 | 220 | 220
241 | 257 | 257 | 241 | 217 | 165 180 | 180 | 180
009 | 010 | 040 | 0.09 | 0.08 | 0.06 007 | 007 | 007
001 | 001 | 001 | 001 | 0.01 | 0.01 001 | 001 | 001
079 | 084 | 084 | 079 | 071 | 054 059 | 059 | 059
394 | 420 | 420 | 393 | 355 | 270 294 | 294 | 294
030 | 023 | 023 | 0.23 015 | 016 | 0.16 | 015 | 0.14 | 010
052 | 048 | 0.48 | 0.48 032 | 035 | 035 | 032 | 029 | 022 007 | 007 | 007
3228
3913
002 | 001 | 0.01 | 001 | 0.01 | 0.01 0.01 | 001 | 0.01 0.05 | 0.06 | 0.06 | 005 | 0.05 | 0.04 | 0.01 | 0.01 | 001 | 0.01 | 004 | 0.04 | 0.04
2171 | 22.47 | 2247 | 2247 16,038 19.33 | 2063 | 2063 | 19.32 | 21.10 | 20.31 67.35 | 67.35 | 67.35
4230 | 4378 | 4378 | 4378 32.999| 37.65 | 40.20 | 40.20 | 37.65 | 4114 | 39.60 1459 | 1459 | 1459
2278 | 2357 | 2357 | 2357 17.770| 2028 | 2165 | 2165 | 2027 | 2217 | 21.34 7.86 | 7.86 | 7.86
002 | 001 | 0.01 | 0.01 | 0.01 | 0.01 001 | 001 | 0.01 001 | 001 | 001 | 001
002 | 001 | 0.01 | 001 | 0.01 | 0.01 001 | 001 | 0.01 001 | 0.01 | 001 | 001
478 | 368 | 388 | 368 | 326 | 3.26 326 | 326 | 328 326 | 326 | 326 | 326 | 188 | 188 | 188
744 | 574 | 574 | 574 | 507 | 507 507 | 507 | 507 507 | 507 | 507 | 507
|
|
0.00 | 0.00 000 [ 0.00 | 0.00 000 | 0.00 | 000 | 0.00 | 0.00 | Q.00 [ 0.00
171 [ 171 171 [ 171 | 17 171 | 171 | 171 | 171 | 058 | 058 | 058
012 [ 012 012 [ 012 | 012 012 | 012 | 012 | 012 | 0.04 | 004 | 0.04
188 [ 188
87.02 | 87.92 0.00 | 0.00 | 0.00
73.089| 89.80 | 89.80 | 89.50
89.80 | 89.80
89.80 | 89.80
0.00 | 0.00
5000 | 12.04 | 6.09 | 6.09 | 1204 | 593 | 11.41
0.0030/0.0030(0.0241
| 131 | 131 | 131 | 104 | 104 104 [ 104 | 104 104 | 104 | 104 | 104 | 104 | 104 | 104 | 104 | 104 | 104 | 104 | 104 | 104
a9 | 3917 | 39,13 | 39124 | 39.13% [ 39,134 | 39154 | 39.13¢ | 39.13¢ 3913 | 0.03 | 0.0 | 0.032 | 0.03% | 0.0% | 0.0% | 0.03% | 39.1%% | 39,13 | 39.13¢ | 39.13¢ [ 19.957 | 19.9% | 19.9%
0.7306 | 01586 | 01161 0.0308
e | 52 | 21 18
22 | 44 | 23 | 2% 2 z T T 3 | sz | 21 3 w1 | 18 | 18 | 21 | 43 | 3 | 36
o7ers|  0wse| 03059 07545 oa4st1 434567 2490000 12607 oes | 0.132| 083 0.1017] 0.012| 0.0382| 0.0172| 0.0194| 0.0669| 0.0923| 02075
w8 | 47 | es | ome o ns |44 [ 20 13 037 | 039 o021 Coze | BTSN ERTOR TS
0
1008
188
acem
28 7| 12 25 | 55 | 24 Y] A5 | 15 | 19 | 11 5 3 | a7
00| F I 07 | 01037| 02408 0.0855| 0.015) 0.0373| 0.0163| 0.0262| 0.0776| 0.12685| 0.2062
034 PES T ) 22 0.43 |03 020 | oia | EEXCNEEY T NTS
[ Zhang
&

Pros:

* Available to all, easy sharing &
communication, no additional training

 Convenience: All data in one column,
Mixed data types

*  Formulating, calculating, recording,
analyzing, ... all in the same file

Cons:
* Need Row matching
Ingredients
Test results
Long raw list in scouting phase
* Need to hide columns for easy
comparison in large table
* Hard to compare in tab-by-tab format
+ Difficulty in graphing

28



4

JMP WEBINARS:

https://www.jmp.com/en my/events/ondeman

d/webcasts/by-series/beyond-

spreadsheets.html

1.

Data access

Data preparation

Data visualization

Basic analysis and modelling

Sharing results

On-Demand Webinars

BEYOND SPREADSHEETS

BEYOND SPREADSHEETS
Session 1: Accessing Data |
Beyond Spreadsheets Part
1: Breaking Away from
Spreadsheets

vays to
2 your data
from insight to «
efficiently

y more

BEVOND SPREADSHEETS
Session 5: Sharing Results

BEYOND SPREADSHEETS

Session 2: Data Preparation
| Beyond Spreadsheets Part
1: Breaking Away from
Spreadsheets

BEVOND SPREADSHEETS

Session 3: Data
Visualization | Beyond
Spreadsheets Part 1:
Breaking Away from
Spreadsheets

appropriate visualizations to

share your results

BEYOND SPREADSHEETS

Yn STATISTICAL
DIsCOVERY

WhyJMP v Products v Capabilities v Industries v For Users v

Company v | B Malaysia v

Q

Try JMP Buy JMP

BEYOND SPREADSHEETS

Session 4: Basic Analysis
and Modeling | Beyond
Spreadsheets Part 1:
Breaking Away from
Spreadsheets

nsight gained from those models

BEYOND SPREADSHEETS
Beyond Spreadsheets Part
1: Breaking Away from
Spreadsheets

Spreadsheet for
adhesive formulation:

* Must have
Data recording,
formulation,
calculation,
tabulating,

graphing, ...

BEYOND SPREADSHEETS

Beyond Spreadsheets Part
2: Graph Builder: The Two
Laws of Analytics

29


https://www.jmp.com/en_my/events/ondemand/webcasts/by-series/beyond-spreadsheets.html
https://www.jmp.com/en_my/events/ondemand/webcasts/by-series/beyond-spreadsheets.html
https://www.jmp.com/en_my/events/ondemand/webcasts/by-series/beyond-spreadsheets.html

p IMP WORKSHEET DEVELOPMENT: OBJECTIVES

= Broad capability:
- formulation design, calculation, recording, analysis, ...
= All in one:
- minimize cross-platform copy & paste
= Easy operation:
- simple data entry, JSL, virtual link ...
= ML ready:

- normalized, wide format ...

30



FORMULATION WORKSHEET — GEN1

CASE 19: FORMULA ENTRY AND ANALYSIS

EZ] Worksheet_Gen1 - JMP Pro
File Edit Tables Rows Cols DOE Analyze Graph Tools

Predictum  Add-Ins

View Window

BEW <@l o iDEEE .
= Worksheet Gen1 [|| 4 16/0.Cols = P/M Prop.
Source B characteris Raw Value_e = P- commen
CREETTYE G Date  ID Lot# Batch tics Function ~name nter | item  Properties t
B Join All 126 2/1 MO968-149 149001 2000 Adpro. A 1.00
/15 127|211 MO968-149 149,001 2000 Filler 40.00
P GB-Valu...omment
b Distribution of ID 1282/1 MO968-149 L49.001 2000 Filler 1000
B Tabulate-new lot# 129 2/1  MO968-149 149001 2000 Filler 300
P Dashboard 130 |2/1  MO968-149 |, 2000 resin g 2050
: ﬁ]“: e 13121 MOg68-149 2000 Filler F 050
LR 132 |2/1  MO965-149 2000 resin G 1430
133 |2/1  MO968-149 L49.001 2000 Additve  H 200
[= Columns 200 _| 134/2/1  MO968-149 149001 2000 Additive | 007
N 135 2/1  MO968-149 149001 2000 Filler J 1010
PO T 1362/1  MO968-149 149001 2000 Hardener K 6500
i 1D % 137 2/1  MO968-149 149001 2000 (OH/ISO - 400
wh Lot# 138 2/1  MO968-149 149001 2000 NCOJOH i.. 140
i Batch 3k 139 |2/1  MO968-149 149001 2000 Mixing Te.. 2500
:;x;:n:!i: 140 (2/1  MO968-L49 149001 2000 | Mixing Ti.. 4000
e 1412/1  MO968-149 149001 2000  Mixer typ.. 200
gy 142|2/1  MO968-149 149001 2000 4000 11 geltime,min  TO
th P-item 3 143 2/1  MO968-149 149001 2000 18000 21  TackFree time,.. TO
wk. Properties 3k 144|2/1  MO968-149 149001 2000 5500 11 geltime,min 38 1w
ik Prop. comment 4 145 2/1  MO968-149 149001 2000 23000 2.1 Tack Free time,... 38, 1w
fh‘:ffj‘:f @/0 146 211 MO968-149 149.001 2000 18000 1.1 geltime,min 382w
= Rowe 147 |2/1  MO968-149 149001 2000 23000 21 TackFree time,.. 382w
Ao 2345 148 2/1  MO968-149 149001 2000 44800.. 3.1 Viscosity, 2pm  TO
selected 0 149 |2/1  MO968-149 L49.001 2000 26880.. 31 Viscosity, 10pm  TO
Excluded 0 150 |2/1 MO968-l49 149001 2000 22480.. 3.1  Viscosity, 20rpm  TO
Hidden 0 151271 MO968-149 149.001 2000 75700 51 ALadhesion  TO, min
152|2/1  MO968-149 149001 2000 13000 5.1 PCadhesion  TO,min
153 2/1  MO968-149 149001 2000 144500 51 Aladhesion  TO,ave
154|2/1  MO968-149 149001 2000 15600 5.1  PCadhesion  TO,ave
155 2/2  MO968-L50 [L50.001 " 2000 Adpro. A 1.00
156 2/2  M0968-150 150001 2000 Filler B 3940
157 |2/2  MO968-L50 150001 2000 Filler c 990
158 2/2  MO968-150 150,001 2000 Filler D 3.00
159 2/2  MO968-150 150001 2000 resin 4 2140
160 2/2  MO968-L50 150001 2000 resin L 490
161 2/2  MO968-150 150001 2000 Filler F 050
162 |2/2  MO968-150 150001 2000 resin < 800
163 2/2  MO968-L50 150001 2000 Additve  H 200
164/2/2  M0968-150 150,001 2000 Additive | 007
165 2/2  MO968-150 150001 2000 Filler ) 1000
166 2/2 MO968-150 150001 2000 Hardener K 6500
167 2/2  MO968-150 150001 2000 (OH/ISO - 400

Data Courtesy of Dr. Yalin Liu
Worksheet_Gen1.jmp

* Narrow data structure
Formulation Stacking
No row matching

* Analysis in Tabulate
platform

* Min. disadvantages as
seen in Excel

* Chemists perform the
formulation in Excel and
copy formula & results
into JMP table

BH



FORMULATION WORKSHEET - GEN1
} CASE 19: DATA ANALYSIS - TABULATE

Cols DOE Analyze Graph Tools

IREd s adFEoa.

Predictum  Add-Ins

2R raA+t s ASO O,

View

Window Help

4 =\ Tabulate

ID = MO968-L42, MO968-L102, MO968-L144

Worksheet_Gen1 - Tabulate - JMP Pro
File Edit Tables Rows
4 (= Local Data Filter
135 matching rows
[ Inverse
- 1D (79)
MO968-L44 57
MO968-L49 29
MQ968-150 55
MO968-L51 51
MO968-152 25
MO968-153 25
MO968-L54 25
MO968-L55 25
MO968-167 182
MO968-L68 27
MO968-169 12
MO968-174 28
MO968-L75 29
MO968-180 24
MO968-182 35
MO968-183 35
MO968-184 35
MO968-L89 25
MO968-190 25
MO0968-192 36
MO968-193 a7
MO0968-194 37
MO96E-195 37
MO968-L96 a7
MO968-198 34
MO968-L99 20
MO968-L100 32
MO968-L101 21
MO968-1102 41
MO0968-L103 33
MO968-L104 18
MO968-L105 32
MO0968-L106 32
MO968-L107 36
MO968-L108 25
MO968-L109 29
MO968-L110 24
MO968-L111 31
MO968-L112 32
MO968-L113 30 +

1D
MO968-L42 MO968-L102 Mosm{
|‘_Ei/f AIZEE 5/9 7/6
Batch Batch Batch Batch
3000 500 600 300
Lot# Lot# Lot#| Lot#|
L42 001 L42 002/L102 001/L102_002| L144 001
Raw Function |Raw name Sum Sum Sum Sum Sum
resin E 2050 0.00 .
G 14.30 450 2240
L 1.50 2.00
Polyol1 . 27.00
Polyol3 . 35.50 .
Filler F 0.50 050 1.00
B 40.00 3291 38.01
C 10.00 10.00 5
D 3.00 350 200
FR_L7 5 5.00
J 10.64 10.00 .
Additive BYK9 . 1.00
H . 050 050
1 0.06 0.09 0.09
Hardener F 2.00
C 5 20.16
1502 50.00 .
1503 3876
1504 . 38.76
K 65.00 . .
Ad pro. A 1.00 1.00 1.00
P/M characteristics
Mixing Temp 25.00 60.00 25.00 25.00 25.00
Mixing Time 40.00 40.00 5.00 5.00 5.00
OH/ISO mixing v/v 4.00 4.00 4.00 4.00 4.00
NCO/CH index 140 140 140 140 140
Mixer type (1- Ross, 2-DP, 3-speed) 2.00 200
P-item |Properties Prop.
1.1 gel time, min T0 24.00 25.00 2500 14.00
38, 1w 32.00 34.00 .
38, 2w 160.00 160.00 3500 .
2.1 Tack Free time, min (TO 12000 120,00 100.00 80.00
38, 1w 21000 210.00
38, 2w 30000| 300.00 5 120.00 5
31 Viscosity, 2rpm TO 30400.00| 32800.00 | 52000.00 44000.00
Viscosity, 10rpm TO 26080.00 | 26720.00 | 28960.00 23360.00
Viscosity, 20rpm T0 23600.00| 24000.00 | 24400.00 18800.00

Data Courtesy of Dr. Yalin Liu

Batch ID, lot#,
size, date, ..

Only display ingredients
used in selected formula

Process & material
characteristics

Results &
Aging stability
32



FORMULATION WORKSHEET - GEN1 Data CoutesyofD. Yo L
CASE 19: DATA VISUAL & TABULATE ANALYSIS

- Dashboard
- [& Distributions ?D X - 5 Graph Builder Ox|=
“ | 4~ Local Data Filter Value_enter vs. Prop. comment
3 350 - 1o
i MO968-L42 MO968-L51
EE] 28 matching rows Date Date
3 300 - 1/5 2/2]  2/13
9 L Inverse Batch Batch| Batch
i ~  Properties (14) 250 | 3000 400] 3000
7 297 1453 ~ Lot# Lot#| Lot#
¢ BL adhesion 0 b L42_001]L42_002[L51 002]L51_001
4 200 - = 5
% Burn Height, inch 13 % Rﬂl-N Function |Raw name Sum Sum Sum Sum
1 dispensing rate g/sec 8 150 3 resin E 20.50 . 8.10
0 DP AL adhesion 62 1 5 G 1230 : c IR0
§ DP PC adhesion 84 ) L ‘ : || 500
6 Film thickness, mm 8 100 Filler F 0.50 . . 0.50
i gel time, min 132 B 4000 - 4000
2 50| © 10.00 5 c 10.00
a C (e 3 | o [ D 3.00 . . 350
9 L~ g o o 3 ) 1064 . | oen
08 MO968-142 [~ < ssg 7 3 Additive H . 400
5 M0968-L44 57 3 & I 006 . . 009
,3 MO968-149 29 Hardener K 65.00 . . 65.00
g MO968-150 55 300 | Ad pro A 100 . 1.00
1 MO968-151 51 P/M characteristics
88 MO968-L52 25 v 250 = Mixing Temp 25.00 60.00 25.00| 25.00
138 < Prop. comment (23) -3 Mixing Time 4000 4000| 500 40.00
o : 200 | T OH/ISC mixing v/v 400/ 400|400 400
X 1453 8 5 NCO/OH index 140| 140 140 140
212 3 Mixer type (1- Ross, 2-DP, 3-speed) 2000 200 100 .
T0, ave a8 150+ o
i g
T0, min 28 5 2226 rows have been excluded.
38, 1w 92 100
38, 1w, ave 8
38, Tw, min 8
38, 2w 86 507
38, 2w, ave 4
i v 0
38, 2w, min 4 T0 387w 382w 383w 384w
Prop. comment
D ==MO968-142 mm==MOI68-L51
5 Where((Properties = gel time, min, Tack Free time, min) and (ID = M0O968-142,

MOA6S-151) and (Prop. comment = T0, 38, 1w, 38, 2w, 38, 3w, 38, 4w))

Graph: y (property) vs ID or Prop_comm
(NOT ingredient) 33



FORMULATION WORKSHEET - GEN1
} CASE 19: STATISTICAL ANALYSIS

ilocal Data Filter | 4= Tabulate 4~ /Local Data 4 ~/Oneway Analysis of Value_enter By Lot#
P/M Raw Value e P- Prop. L inverse: ! MO }
D Lot# Batch characte... Function Rawname nter item Properties comment = D9 Date
MO968-142 142002 3000 26720... 3.1 Viscosity, 10... TO ) Show & Include
MO968-L42 142002 3000 24000.... 3.1  Viscosity, 20.. TO e 10 matching rows 1200
MO968-142 142001 3000 1430.00 5.1  Aladhesion  TO, min Howeis [ Inverse _
. . HLS0 55 Raw Function |Raw name Sum Sum Sum Sum 2
MO968-142 142001 3000 1020.00 5.1 PCadhesion  TO, min == T gl - e ~! Prop. comment (23) 5 100
: MO968-152 F3 )
MO968-142 142001 3000 13100051 Lzl 10 Booteiss = X (LIS e DP, ave, 2w 32 ~ g /
MO968-142 142001 3000 1078.00 5.1 PCadhesion TO, ave - Fuler " 050, i | eso DP, min 4 s
MO968-142 142.001 3000 940.00 5.1.1 PCadhesion T0,ind Pl e poed | o DP, min, Tw 37
MO968-142 142001 3000 1100.00 5.1.2 PCadhesion T, ind ff-‘s-‘” ég o 300 . 250 32 1000
MO968-142 142,001 3000 115000 5.1.3 PCadhesion  T0, ind w 5 gt o i 10 4
MO968-142 142.001 3000 1080.00 5.1.4 PCadhesion TO, ind m > ] 006 009 .
MO968-142 142,001 3000 1120.00 5.1.5 PCadhesion  T0, ind DEN G e | b | 142.001 142.002
MO968-L42  L42.001 3000 (Fvienvioa Ty Lo 1151 o)) P/M characteristics I I I I MO968. Lot#
N R Mixing Temp 2500 60.00 2500 2500
MO968-142 142.001 3000 901.00 5.1  PCadhesion 38, 1w, min iing Time it | NN | MO968-L44 57 Permmer
MO968-L42 142001 3000 1468.00 5.1  ALadhesion 38, Tw, ave e miang /Y byd Iy Eoyed oyt MO968-L49 29
MO968-L42 142001 3000 977.00 5.1  PCadhesion 38, 1w, ave Mixer type (1-Ross, 2-DP, 3-speed) 20, 200 10 MO968-L50 55 4 Summary of Fit
MO968-142 142_002 3000 215000 5.1  ALadhesion TO, min Fllem ;""(*“:’ ;’F-"""“"" i E BT M0O968-L51 51 v Rsquare 0.176304
MO968-142 142002 3000 1060.00 5.1  PCadhesion TO, min 38, 1w 3200 3400 3700 AdjRsquare 0.073342
MO968-142 142,002 3000 222400 5.1 ALadhesion  TO, ave g 10| ol s oot aRcE LC 6941476
MO%68-142 142002 3000 115200 5.1  PCadhesion T0, ave 35 4w Wl elifgrase it
MO968-142 142.002 3000 120000 5.1.1 PCadhesion T0, ind 21 |ackeetime min |2 Jarved B i pe Obsevatiaps oG iC
| | . L o 38, 1w 21000 210.00 130.00
MO968-142 142002 3000 1190.00 5.1.2 PCadhesion T, ind o B0 | SO0 R 4 Pooled t Test
MO968-142 142002 3000 1120.00 5.1.3 PCadhesion T, ind 38, 4w d 142_002-142_001
MO968-142 142002 3000 1000.00 5.1.4 PCadhesion  TO, ind S e e J0i000 | 22000 ro0e0 Assuming equal variances
- o fiscosity, 10rpm X Ir “ . .
MO968-142 142002 3000 1250.00 5.1.5 PCadhesion TO, ind |Viscosity, 20pm  [T0 23600.00| 24000.00 | 34800.00 | 5432000/ Difference 74.00 tRatio  1.308557
. . a1 Burm Height,inch | Cure, RT 700 600 . d std Err Dif 56.55 DF 8
MO968-142 142002 3000 1280.00 5.1  AlLadhesion 38, 1w, min 42 [Film thicknoms mm |Cure, AT 06| 041 )
51 |AL adhesion T0.ave 181000 222400 211600 223800 UpperCLDIf  204.41 Prob > Jt] 02270
10, min 14000, 215000 200000| 180000 LowerCLDif  -56.41 Prob>t 01135 I o o
38, 1w, ave. 146800 | 154200 . . -
Ere weam) 1o Confidence 095 Prob<t  0.8865
PC adhesion TO. ave 107800 115200  546.00 54200/ A H H
70, min 102000, 106000 480.00| 40800 Analysis of Variance
38, 1w, ave 977.00) GE3.00 . . Sum of
3 1w min so100__22300 i
T PC saneson o g 9000, 120000, Source DF Squares Mean Square  F Ratio Prob > F
512 |PCadhesion 0, ind 110000 | 119000 Lot# 1 13690.000 13690.0 1.7123 02270
513 PC adhesion T0, ind 115000 112000 Error 8  63960.000 7995.0
514 PC achesion 10, ing 108000 100000 i -
515 |PC adhesion 0, ind 112000 | 125000 C. Total 9  77650.000

4 Means for Oneway Anova
Level Number Mean Std Error Lower 95% Upper95%
142_001 5 1078.00 39.987 985.8 1170.2
L42_002 5 115200 39.987 1059.8 1244.2
Std Error uses a pooled estimate of error variance
Excluded Rows 2335

Henkel
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} JMP FORMULATION WORKSHEETS

No. of
GEN adhesive Formulation Link to | Master batch Applicabilit Normalization Data ent Output Implementation
calculation ref. table handling PP v & lookup i P P
component
1k non reactive,
» 1 lor2 None No No 2k reactive pre- No Q1 2022
calculated in Excel
b Mlxllng - Narrow tabulate,
» 2 lor2 . e ”hTe' Yes No ReaCt'Vet_ Yes format, |graphs,wide | Q12023
Lwe'g_ ;‘or MR stacked, no | data format,
YietelEln raw matching | ML ready
Yes,
Stoich. ] Solvent borne
. multiple .
3 1 Solid content, Yes Reactive & Yes Q2 2023
. parallel or .
dry composition . non-reactive
cascading

\_




FORMULATION WORKSHEET - GEN2
} CASE 20: FORMULATION DESIGN AND CALCULATION 1K & 2K

E;] R_worksheet_LA - JMP Pro
File Edit Tables Rows Cols DOE Analyze Graph Tools Predictum Add-Ins View Window Help
HRsd s ad o iBEEE =

| R_worksheet_LA D sto=

Desire  Desire Desire

d dVel dWt EW_ | Index | CHK | CHK Nor. | Sum Part Nor. Sum P/M
Y P prede ID_ ID_A/ Size. Not Age_Index A/B A/B Raw | Wt. n Initial | link - Vol = wt wt%by N wt $%$/ wt% N-wt n look Value_ P_ Prop_
g ohulatelbviatal - Date cesor mix B A/B | el A/B  A/B .. ratio ratio Part name initial 1 sum | ed | total ratio ratio art art Sp_Gr ki total total 2 P/Mremark u| enter |ID Properties comm
B Join All B =0 [0 2 E B
— 1(8/1 D01 D02 2A/2B 509 0 . 10 “A A 12000 A 1320 200 127 100 076 9091 100 1218 00 3912 100 A . .
2/8/1 D01 D02 2A/2B S0g ) .10 «A P 1200 A 1320 0 127 100 076 909 100 1218 00 391 100 A . .
| Columns (126/0) 3081 DO1 D02 2A/2B S0g w0 - 10 B F 2585 B 879 -342 127 100 076 2940 100 1612 00 1675 100 B . .
C 4(8/1 D01 D02 2A/2B 509 0 - 10 -8 € 500 B 879 -31 127 100 076 569 100 1612 00 324 100 B . .
b Date etc. (7/0) 5|81 D01 D02 2A/2B 500 0 - 10 B S 009 B 89 0 127 100 076 010 100 1612 00 006 100 B . .
DM 1K (3/0;
';Pa';"g-;- (3/0) 6(8/1 DO1 D02 2A/2B 509 w0 - 10 B Q 5200 B 879 0 127 100 076 5913 100 1612 00 3368 100 B . .
s Raw name & 7/8/1 D01 D02 2A/2B 509 0 .10 B P 500 B 879 0 127 100 076 569 100 1612 00 324 100 B . .
A Wt initial g/8/1 DO D02 2A/2B 500 ) . . . . .. . o e 127 . . 00 127 +| Index A/B 127 127
ik ek 9/8/1 D01 D02 2A/2B S0g 0 . . . . N . ve 00 . . 00 100 «| VolA/B 100 1.00
A Initial sum g 10|81 D01 D02 2A/2B S0g 0 . . . N . B « . 076 . « 00 076 o] WtA/B 076 076
:Fﬂ;tfkfi:# 1181 D01 D02 2A/2B 50g ) . . . .| . . . B AT . . 00 715 | Filler2% 000 7.5
b Mixing..._ 1k (4/0) 12817 DOT D02 2A/2B S0g ) . . . . N . v« 100 . - 00 100 o | Mixer (1SP,... . 100
AspGrdp 13817 DO D02 2A/2B 50g 0 . . . N .. . o« 3500 . « 00 3500 . + 3500 1.. geltime, min 10, RT
A Part §_S/kg 4 148/1 D01 D02 2A/2B 50g ) . . . .| . . . . e 52100 . . 00 521.. . *+ 521.00 2.. PCadhesion 10, ave
4 Nor. wi% total 4 15 |8/2 D03 D03 1009 0 . . SR w 8342 K 1438 191 194 .. . « 1242 00 5799 100 K . .
“firj__”;"‘“”ta'* 16 8/2 D03 D03  100g 0 . . <K R 1500 K 1438 0 194 . . . . 1242 00 1043 100 K . .
= Rows 17 18/2 D03 DO 100g ) . . <K P 1457 K 1438 0 194 .. . « 1242 00 1042 100 K . .
All Tows 9| 18872 D03 D03 1009 0 . . K F 495 K 1438 -342 194 R . » 1242 00 344 100 K . .
Selected ol 1982 D03 D03 100g 0 . . CK M 2585 K 1438 -123 194 . . « 1242 00 1797 100 K . .
Excluded 0 20 872 D03 D03 1009 0 . . +1K U 005 K 1438 0 194 . . . « 1242 00 003 100 K . .
Ealzslzrcll g 21 |8/2 D03 D03 100g 0 . . . .| .. . . . 194 . = 00 194 *| IndexA/B 194 194
22 |8/2 D03 DO3 1009 0 . . . N . B o« 200 . « 00 200 o | Mixer (15P. . 200
23 |8/2 D03 D03 100g ) . . . .| .. . . e 2056 . + 00 2056 +| Fillertot%  20.. 2056
24 |8/2 D03 D03 100g ) . . . . N . e 7000 . - 00 7000 . » 7000 1.. geltime, min 0, 50C

I |
Data Entry: heading & formulation input Calculation Output Data Entry:'P/M & Results
= Initial formulation does not need to total to 100%.
= Mixed formulation is normalized to 100% for easy data analysis.

= P/M lookup capable of extract information of columns, raw function, raw %, raw ratio, ...



FORMULATION WORKSHEET - GEN2
} CASE 20: DATA ANALYSIS - TABULATE

Normalized By Total Normalized By Part

Tabulate Tabulate
Mot (Part = 1K)
Nor. wti total
IV imiic Nor. wti by part
D02| DO3| D04 DO5| DO6| DO7| D08 1D mix
2A/2B| DO03|3A/2B| 4A/2B| 5A/2B | 6A/2B| TA/2B Do2| Do3 Doa D05 Do6 DoT Doe

Raw function[Raw name] |Raw name Sum| Sum| Sum| Sum| Sum| Sum| Sum 2A/2B| DO3| 3A/2B | 4A/2B | 5A/2B | 6AJ2E | TA/2B
ke E 3.24 || 322 323 323 3.4 3.24 Part |Raw function[Raw name] |Raw name Sum| Sum| Sum| Sum| Sum| Sum| Sum

F 1673 3.44| 1666 16.70( 1671 16.73| 1674

M | 17.07 A Hardener A 90.91 - 5 5 5 5
Hardener A 3012 . . . . . B 80,20 £2.50| 53.57| 44p84| 3571

B 38.69| 26.99| 23.11| 19.24( 1537 . B : LG i nil S n T e ST

o 000l 11.57| 1541 1024| 23.06 F|II§r P 2,09 . 1071 10,71 1071 1071 10.71
Block Hardener W | s7.00 i i i ) ) B Resin E 5.69 .| 569 5.69| 569 569 5.69
Filler P 75| 1013 7.86| 7.86| 76| 7.5 7.85 ) F 20.40 || 2940) 2040) 2040 2940 20.40

Q 31,68 | 3351 3250| 3282| 33565 3368 Filler P 5.69 .| 569 5.69| 569 569 5.69

R | 1043 ) ) ) ) ) Q 58,13 .| 5393 59.13] 58.43( 5913 59.13
Additive 5 0.06 | oosl oos| o008 o008 006 Additive 5 0.10 .| 010| 0.10] 010( 0.10] 0.10

U 1 oo3 . . . . . P/M remark
P/M remark Index A/B 1.27( 194 1.29( 1.29] 1.29] 129 1.29
Index A/B 1.27| 194 129 129 129 1.29) 1.29 Vol A/B 1.00 .| 1.00f 1.000 1.00] 1.00{ 1.00
Vol A/B 1.00 .| 100| 1o00f to00| 100 100 Wt A/B 0.76 .| 0.76| 0.76| 076 076| 076
Wt A/B 0.76 .| o078 o078| o078 0.78| 076 Filler tot? | 2036 41.37) 4139 4140 4140 4142
Filler tot? | 20,56 4137 41.39( 4140 4141 4143 Filler_2 % 715 . . . . . .
Filler_2 % 7.15 . . . . . . Mixer (15P,2DP,3RS) 1.00{ 200 1.00[ 1.00] 1.00] 1000 1.00
Mixer (15P,2DP,3RS) 1.00] 2.00{ 1.00] 1.00] 1.00] 1.00] 1.00 P_ID  |Properties |Prop_comm
P_ID  |Properties |Prop_comm 1.1 gel time, min |t0, RT 35.00 .| 38.00( 40.00| 41.50( 40.50| 43.00
1.1 gel time, min |t0, RT 35.00 .| 38.001 40.00| 41.50| 40.50( 43.00 1.2 gel time, min |10, 50C .| 70.00 . . . . .
1.2 gel time, min [t0, 50C .| 70.00 . . . . . 2.1 PC adhesicn |10, ave 521.00 .| 715.00] 715.00{ §20.00( 825.00| 750.00
2.1 PC adhesicn |t0, ave 521.00 .| 715.00| 715.00( 820.00| §25.00| 750.00

6 rows have been excluded.




FORMULATION WORKSHEET - GEN2
} CASE 20: TABLE FORMAT CHANGE TO WIDE FORMAT & GRAPH ANALYSIS

B8} Join ALL_LA - JMP Pro

File Edit Tables Rows Cols DOE Analyze Graph Tools Predictum Add-Ins View Window Help
HeEd la B
(= /Join ALL LA Dj o= gel gel PC
I Source ~ F time,  time, adhesio Fille  Mixer
P Add link & formula ID.A/ | Size. Age. mint0, mint0, nto, Index VolA/ WtA/| Filler r2 (1SP,2D
I Tabulate - by part ~ IDmix B | A/B A/B  50C RT ave A B D E F M P Q@ R | S U W AB B B | tot% %
> JTﬂ_bu:I’ITE'bWDTB' 1 D02 2A/2B 509 0 e 3500 52100 3912 000 000 324 1675 000 7.5 3368 000 006 000 0.00
ERloin e 2 D03 D03 100g tO 70,00 . « 000 000 000 000 344 1797 1013 000 1043 000 003 57.99 .
[+ |Columns (27/0) 3 D04 3A/2B 150g 10 « 3800 71500 000 3269 000 322 1666 000 7.6 23351 000 006 000 000 100
a 4 D05 4A/2B 150g 10 = 4000 71500 000 2699 1157 323 1670 000 786 3350 000 006 000 0.00 . 100
[ Date etc. (4/0) ~ 5 D06  5A/2B 1500 10 ¢ 4150 820000 000 2311 1541 323 1671 000 786 3362 000 006 000 0.00 . 100
A Missing(Pro...rop_comm) § 6 DOT  6A/2B 1500 10 . 4050 82500 000 1924 1924 324 1673 000 785 3365 000 006 000 000 100
A gel time, min 10, 50C 7 D08 7A/2B 150g 0 e 4300 75000 000 1537 2306 324 1674 000 785 3368 000 006 000 0.00 100
4 gel time, min t0, RT
4 PC adhesion 0, ave
s
[®Rows I . ! . . . 3 = ! N . . . . ! ! . . . . ! . . .
All rows PC adhesion t0, ave vs. gel time, min t0, RT 4 = Graph Builder
R BT PO L)L R
Py B Colinns PC adhesion 10, ave vs. D/B+D
o Enter column name o I
a0 | \ \
860
B+D
. D/B+D 840
% 700 [ ] 4 (v Smoother o P ®
< Lambda ——
k= v 800
i Trim [ H
% Confidence of Fit O =3 =
5 Variables » 5 780 g
4 4 = Points £ P
600 | 5
Error Interval Auto ~ .
Interval Style _Ermr Bar ~ 740
Jitter Auto ~
Jitter Limit —— 720
500 Variables p [ )
700
U I i U T T T T T T T
36 38 40 42 o 0.1 02 03 04 0.5 06
gel time, min t0, RT D/B+D

38



INTEGRATED WORKSHEET PLATFORM
Worksheet (Stacked / Narrow)

2 = Local Data Flter = = Tabulate

Tabulate

=
w
@
)
o
Fau
o 1
o Lo

yvsID

4 = Gragh Buikder

Valus sm s Prop. commant

[

t & ANOVA
analysis

Design, Calculation, Record, Analysis,...

m
EEECIEET. Q [i@@EEEr
= Raw data_LA = caw

name SpGr EW  Polarity Raw function
= Columns (13/0) 1A 116 200 1 Hardensr
a 18 ue 1% 1 Hardener
Whanmame 7 ~| 3¢ 15 200 1 Hardener
e 10 a9 1 Hardener
:E:i” 5E 1261307 1 Resn
& Ran function ) e Tl e
o Raw Lot
i BH 02 a5t 1
g 51 woa
e Vendor ) uz B 1 Resn
s chem...name s WK 102 1033 -1 Resn
- Rows 2L 09 any 1 Addiive
A rows 3 nwm 105 123 -1 Resn

R

iR et

-
=
=
E
=

Virtual link

Raw data
file (Ref)

JSL

Testing data file w replicates

i)

dadd  waa

Qi@

~ Lap Shears
» PCAdh..[ID_mix]
B FitY by...ID_mix

PC
ID.mix Date ID_A/B run Adhesion

B Adhesion ve 150 400 mixT50 D, mIx| 150 AP0 mix)  —inech

A gel time, min 10, RT
A PC adhesion 10, ave

- Rows
All ows. 7

Ioputlayer

hicden layer 1

hicden layer 2

ouputlayee

Machine learning modeling

Graphs:

EE-28 ~dmiie ROT8
P shason 8, mee

o

~~——
y vs ingredients 39

1002 81 2m28 1 445
2002 81 2A/28 2 500 ==
| Columns (5/0) 3002 81  2A/28 3 550
a 4/p02 81  2A28 4 460
ok 1D_mix 5 D02 8N 2A/28 s 650 Oneway Analysis of PC Adhesion By ID_mix
& Date 6 D08 8/9 7A/28 1 750 1000
& ID_AB 7 D08 89 A28 2 740 . .
run .
s
4PCAdhesion Fl06 Ny Ace 3 ik » . . s
9/D08 89 W28 4 677 g w0 RS -
10 D08 89 A28 s 705 H — . S
11 /D06 8/8 SA/2B 1 688 3 i + *
12|D06 8/8 SA/2B 2 815 A
~ Rows G
13 D06 8/8 SA/2B 3 950 T
All rows 30 v
Selected 0 14 D06 8/8 SA/2B 4 857 T
Excluded 0 15 D06 8/8  SA/28 5 790 T o ood o0s 006 ou oo
Ly
\ (Unstacked / Wide format)
ALLLA- IMP P
Fle Edt Tables Rows Cols DOE Tools Predictum _Add-ins View Window _Help
IREd B P 3m
lJoin ALLLA gel gel PC
» Source time, | time, | adhesio File| Mixer
b Add ink . formula Sz Age. mintd, min, nio, Index VolA/ WeA/ Filer |12 | (15P2D
P Tabulate - A/ A/B 50C RT B D E F M P Q R s u W A/B B B t! %  P3RS)
b Tabulate -y toal Tow Sk 0 S350/ 152100 3912 000 000 324 1675 000 715 3368 000 006 000 000 |27 0] 076N S I W00
> L/ - 2 D03 D03 100g 10 70.00 . e 000 000 000 000 344 1797 1013 000 1043 000 003 5799 194 . . 2056 . 200
= Columns (27/0) | oo awem 1309 10 o 300 71500 000 369 000 322 1666 000 78 351 000 006 000 000 129\ 100|076 4137 s 100
a B ) < 4000 7500 000 2599 1157 323 1670 000 786 3359 000 005 000 000 |29 100I 076! 4139 e b 100
D Date etc. (4/0) ~ 5 D06  5A/2B 1509 10 e 4150 82000 000 2311 1541 323 1671 000 7.86 3362 000 006 000 000 [N429 W11.00 1076 4140 | 100
A Missing(Pro...rop_comm) § 6 D07 6A/2B 150g 10 s 4050 82500 000 1924 1924 324 1673 000 785 3365 000 006 000 000 129 100 076 4141 . 1.00
4 geltime, min 1, 50C Tom A 1509 10 ol 4300 75000 000 1537 2206 324 1674 000 785 3368 000 005 000 000|128 100|076 4143 [ 8| 100



Summary

 JMP is NOT just an advanced DOE software!

* JMP data analytics have been effectively utilized in

product development at various stages to speed up
innovation processes.

* JMP-based formulation worksheet is an integrated
platform that features broad formulating capability,
all in one, easy operation, ML ready, and more...

Tabulate
analysis

analysis
Visual
analysis
Stat. O

analysis DOE

Adv. pred.
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