Moulding

®
m Id Innovation
Day 2024

Sensori di pressione nello stampo_-
Ottimizzazione e controllo del CIC|O*”” —
con utilizzo del DOE 7 e

KISTLER —
Michele Segato //~

Moldex3D



Kistler at a glance
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Dove trovare le nostre soluzioni?

Le nostre competenze
—
Industrial Process Control (IPC)

Sensor Technology (ST)

Automotive Research & Test (ART)
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Division Industrial Process Control KISTLER

measure. analyze. innovate.

Plastics Joining System Business Production Monitoring Test Automation

Monitoring and control systems Electromechanical joining systems Production monitoring with force- Automated test systems for
for plastics processing with integrated process control displacement measuring systems mass-produced and series parts

. =

Fastening Technology Test Stand Systems Assembly Systems
Analyse systems for separable fasteners Test stands for electric motors Automated production lines
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Sensori di Pressione + Centralina ComoNeo KISTLER
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Sensori di pressione Diretti / Indiretti KISTLER

measure. analyze. innovate.

Sensore diretto
e.g. 6157B

Sensore indiretto
e.g. 9211A

Sensore senza contatto
e.g. 9247A




Curva di Pressione su ComoNeo KISTLER

measure. analyze. innovate.

14 v Bl KISTLER

measure. analyze. Innovate.

M\ Home Cycle View Reference

@\r Analyms Analysis > Cycle > Cycle View Graph settings Cursor Comments
Trend Cycle 15 |4 » | | M| May220191:57:51 PM Cavity Display Highlight
Cycle bar

Evaluation Objects 400-

350+ i >
Delta Time O Sensors ePressure Temperature

300
Model Evaluation / ePosiGate
250 |
o|x :
xl- Monitoring 200 Machine Signal

Control
0 150 s © eMachinePressurel
m Mold 100-| O

e eGeneralMachineSignall - -
gl Device 50-|

o eSwitchOverPoint1
0+
42 Maintenance et :
5 z B 3% » o 3[5) Visualization Options
1 Evaluation Objects ------ | show current -
F =
2 4 6 8 10 12 14 i
Reference = None -
Coloring - color per cavity v
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Monitoraggio del processo tradizionale con Finestre di Valutazione KISTLER
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Monitoraggio al 100% con Modello predittivo generato dal DOE KISTLER

measure. analyze. innovate.

Data via experiments

Running the DoE with Kistler ComoNeo

AAAAAA
,,,,,,,

m
m
m
@
m
m
o
o
o
o
m

Measuring the parts

Automatic generation of prediction model -l

Transfer of the prediction model
to Kistler ComoNeo
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Definizione numero di Cavita e Sensori in StasaQC

&3 STASA QC neo

~ Project
Project info

Cavity assignment
Machine parameters
Settings

* Experiments
* OPTIMIZE
* ANALYZE

* PREDICT

* REPORT

Cavity assignment

Article name

Insulin Pen Cap

Insulin Pen

new part

Article number

InsulinPenCap

Insulin Pen Cap
- P100

Cavities

-T-1-1 Jelololol
olclelel T-11-¥
olclelelelololof:
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KISTLER

measure. analyze. innovate.

Definizione Variabili di Processo da modificare

11

43 STASA QC neo = o x
KISTLER i e o sTasAcO)ac
mrave wlyte anoue P100 e i)
=88 @O o ¢ Machine parameters NS X
Menu a
The machine parameters defined first are varied least frequently in the experimental design. Usually these are temperatures. The order can be changed by dragging the :: symbol.
~ Project
Project info Name Abbreviation Unit Smallest value Largest value Step size
Machine parameters
I B i1 barrel temperature T-barrel k- 240 255 1 W
Settings
*:  hot runner temperature T-hot run °C 240 270 1 0]
* Experiments
iz mold temperature T-mold C 20 40 1 W
* OPTIMIZE
1 holding pressure p-hold bar 200 400 10 W
> ANALYZE i injection speed v-inject I s 30 60 1 o
PREDICT ¥ back pressure p-back 'ar. 50 70 1 0]
REPORT new machine parameter



KISTLER

Definizione Criteri di Qualita da misurare

o STASA OC neo

KISTLE

i wlyon wrenste

=8 0 o

Men

Project
Experiments

Continuous features
Attributive features
Energy efficiency
Experimental design
Measurements

OPTIMIZE
ANALYZE
PREDICT

REPORT

4} STASA QC neo

KISTLER

Menu

-

B O o

Project
Experiments

Continuous features
Attributive features
Energy efficiency
Experimental design
Measurements

OPTIMIZE
ANALYZE
PREDICT

REPORT

Attributive features

Active Name

iow iunmi feature )

Underfilling

Continuous features

Active Name

Length
Weight

new quality feature

- o x
Insulin Pen Cap CQ
- sTasAcCjac
0D e X
[ 2 steps ~ | notok ok
- 8 X
Insulin Pen Cap STASACS%UC
- P100 s s
oe X
Abbreviation Unit Lo Nominel i
tolerance value tolerance
Length mm 76.9 7 771 (0]
Weight 9 3.02 3.05 3.08 m



Definizione parametri di Efficienza energetica

& STASA QC neo

KISTLER

meare walyse meosee

Menu

3

-

-

e 0O o

Project

Experiments

Continuous features
Attributive features
Energy efficiency
Experimental design
Measurements

OPTIMIZE
ANALYZE
PREDICT

REPORT

Energy efficiency

Active
v
v

Name
Cycle time
Energy consumption

new quality feature

Abbreviation
cT
EC

-

Unit

Insulin Pen Cap
P100

13
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Creazione del piano sperimentale (Design Of Experiment)

&3 STASA QC neo

Project
Experiments

Continuous features
Attributive features
Energy efficiency
Experimental design

Measurements
OPTIMIZE
ANALYZE
PREDICT
REPORT

Experimental design

= e

to ComoNeo I 4, from ComoNeo |

-

Insulin Pen Cap

P100

Shots per experiment E

Tbarrel T-hotrun T-mold p-hold

rel
1 250
2 25§
3 255
4 240
5 240
6 255
7 255
8 255
9 240
10 240
11 250

rcl
250
260
260
240
240
240
250
260
260
260
270

rcl
38

40

20
20
20
20

[bar]
300
200
400
200
400
200
400
400
230
400
300

v-inject p-back
lccm/s]  [bar]
45 60
60 70
30 50
30 S0
60 70
60 50
30 70
60 70
30 70
60 50
60 60

Comment

HEEEEE6E666686
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Visualizzazione del piano sperimentale (Design Of
Experiment)

) STASA OC neo
KISTLER insulin Pen Cop
‘4 P100

. sy s
=8 O o ¢
Menu

» Project
Experimental design in parallel coordinates

~ Experiments
Continuous features
Attributive features
Energy efficiency
I Experimental design

Measurements
* OPTIMIZE
* ANALYZE
* PREDICT
* REPORT

15
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Inserimento risultati delle misurazioni dei criteri di qualita K'STLER

43 STASA QCneo - 0O X
KISTLER - e sTasAcO)ac
=8 @O 9 ¢ Measurements D@mx
- ) Please select quality features... ~ I @ m
» Project N
1-100f19 < B>
~ Experiments
Ex ent  Length Cav. 1 L Cav.2 L Cav.3 Length Cav. 4 Length Cav. 5 Length Cav. 6 Length Cav. 7 Length Cav. 8 Weight Cav. 1
imm::" :::'u‘::s e .y i o e ol ol o o
Energy eiciency « A4 76.91 76.92 76.95 76.95 76.92 76.93 76.87 76.9 3.051
Experimental design v 12 76.93 76.99 76.95 76.95 76.91 76.96 76.88 76.92 3.052
I Measurements v 13 76.93 76.92 76.95 76.96 76.92 76.94 76.88 76.91 3.051
» OPTIMIZE v 14 76.92 76.92 76.95 76.97 76.91 76.94 76.88 76.9 3.051
» ANALYZE & 18 76.92 76.91 76.96 76.95 76.91 76.94 76.87 76.9 3.05
» PREDICT v 76.87 76.86 76.9 76.91 76.89 76.88 76.85 76.86 3.037
» REPORT 7 22 76.85 76.86 76.89 76.91 76.88 76.88 76.85 76.85 3.036
v 23 76.85 76.87 76.91 76.9 76.89 76.88 76.85 76.85 3.036
v 24 76.85 76.86 76.89 76.91 76.88 76.88 76.84 76.86 3.035
v 25 76.86 76.85 76.91 76.9 76.87 76.87 76.84 76.86 3.035
v 31 76.98 76.96 77.01 77.01 76.98 77 76.94 76.97 3.07
v 32 76.98 76.97 77.01 77.02 76.99 77.02 76.94 76.96 3.069
v 33 76.98 76.96 77.01 77.01 76.97 76.99 76.94 76.96 3.069
v 34 76.97 76.96 77 77 76.97 76.99 76.93 76.96 3.069
7 85 76.99 76.96 77 77 76.98 76.99 76.93 76.97 3.067
v Al 76.83 76.82 76.88 76.88 76.86 76.86 76.8 76.86 3.042
v 42 76.84 76.88 76.85 76.83 76.89 76.85 76.79 76.84 3.042
v 43 76.83 76.81 76.86 76.88 76.83 76.86 76.79 76.83 3.044
v 44 76.84 76.82 76.83 76.86 76.83 76.86 76.77 76.83 3.042

10



Verifica Ok/NOk dei criteri di qualita

€3 STASA OC neo

-

Project
Experiments

Continuous features
Attributive features
Energy efficiency
Experimental design
Measurements

OPTIMIZE
ANALYZE
PREDICT
REPORT

Measurements

Please select quality features...

Length x

Active Experiment Shot

LSISISISISIK IS IS S SIS SIS IS IS (S (S )8

11
1.2
13
14
15
21
22
23
24
25
31
3.2
33
34
35
41
42

43

Weight x

Length Cav. 1

[mm]
76.91
76.93
76.93
76.92
76.92
76.87
76.85
76.85
76.85
76.86
76.98
76.98
76.98
76.97
76.99
76.83
76.84

76.83

Length Cav. 4
[mm]

76.95
76.95
76.96
76.97
76.95
76.91
76.91
76.9

76.91
76.9

77.01
77.02
77.01

76.88
76.83

76.88

-

Insulin Pen Cap
P100

Weight Cav. 1
]

3.051
3.052
3.051
3.051
3.05

3.037
3.036
3.036
3.035
3.035
3.0m
3.069
3.069
3.069
3.067
3.042
3.042

3.044

N JCICL - JOICIORON outierview

Outliers x

Weight Cav. 4
lal

3.04

3.043
3.042
3.042
3.04

3.025
3.025
3.027
3.026
3.025
3.053
3.056
3.054
3.055
3.058
3.03

3.008
3.029

KISTLER

measure. analyze. innovate.

- =] X

sTasacOjac
D a X

1-50f5



Generazione del modello predittivo Digital Twin KISTLER

measure. analyze. innovate.

3 STASA QC neo

KISTLER - insulin Pen Cap STASA(@ ac
P —— P100 preticlyitiyh

=8 QO o ¢ Digital twin

- o x

=] X
Menu Training OPTIMIZE model...
* Project

* Experiments N &

~ OPTIMIZE

I ograiown

Process capability
Model statistics

* ANALYZE
* PREDICT

* REPORT

18



KISTLER

measure. analyze. innovate.

Visualizzazione del modello predittivo

o3 STASA QC neo - 0O x
KISTLER s PenCop sTasacOac
PRV — P100 e o gt
=8 Q@ © ¢ Digital twin 8 B x
Menu X

£ Create model & Optimize Optimize energy efficiency
* Project
Machine settin uality features
» Experiments 9 Quality
(A barrel temperature ['C] Weighting el
~ OPTIMIZE g : Value v Length (mm] : i .
| | el s ee| ses | | l
I - : ' ? * y : " : ; : 7:! 8 76.85 76 y nlas ;r 71‘05 ,;:! 1
Process capability 25 250 i : ' ' _
Model statistics @ hot runner temperature ['C] valve (255 ) @ IModeI value:l 76.94 Nlnmma| ua|uel; 77 I I I |
 ANALYZE [———— I . ! Rt ey ass.
250 260 - 76.8 76.85 76.9 76.95 77 77.05 771 .
* PREDICT a . ) . i : <=
mold temperature [C] val = Model value: 76.93  Nominal value: 77
: e 1 | | w 1 | 1
REPORT ‘ I | b | 4 | il
T T T T 76.8 76.85 76.9 76.95 77 77.05 771
25 35 N =
Bholdi ressure [bar] @ Model value: 76.97  Nominal value: 77 r
o Value I | | Pt | |
I I fns | ] | il
‘ 76.8 76.85 76.9 76.95 77 7708 77
T e gy ' (I
20 350 O Model value: 76.97  Nominal value: 77 ‘f—j"
Binjection speed [ccrm/s] Vakio : = L’ | e % I 1
76.8 76.85 76.9 76.95 77 77.05
' ' ' ' | | ' ! ' '
40 50 O Model value: 76.94  Nominal value: 77
SO e - i —
76.8 76.85 76.9 76.95 77 77.05
! ! ! ! 5|5 ! ! ! 6I§ ! ! ! ' @ Model value: 76.96 Nominal value: 77 '.__';_-i
| | | |2 | | |
I L] L | |
Optima v 768 76.85 76.9 76.95 77 77.05 771 7
Model value: 76. Nominal value: T
No optima calculated yet. @ 1 == ual e . me - UGI 7 | | | H
- I i I ] | ol
g 76.8 76.85 76.9 76.95 77 77.05 771
User settings -
(=) Model value: 76.93 Nominal value: 77 -

19



Ottimizzazione del Digital Twin KISTLER

measure. analyze. innovate.

43 STASA QC neo

KISTLER

- o x
Insulin Pen Cap
- sTasacac

@ B X

=8 @ 9 ¢ Digital twin

Menu

Optimizing process...
* Project

» Experiments <@
= OPTIMIZE
| Dightaltwin 56%

Process capability
Model statistics

* ANALYZE
* PREDICT

* REPORT

20



Visualizzazione del Processo Ottimizzato

» Project
» Experiments
« OPTIMIZE

| Digital twin
Process capability
Model statistics

» ANALYZE
» PREDICT
» REPORT

insulin Pen Cap
P100
Digital twin
x
i ey ey
Machine setting N
@ barrel temperature ['C] Valve (255 )

| [ 1 ' 1 I
245
@ hot runner temperature ['C]

| 1 1 1 1]
A mold temperature ['C|
PR

A holding pressure [bar]

| 1 1 1 1 I 1

250
BAinjection speed [ccm/s

@ back pressure [barl

55
Optima v
OpumizaOn<rnOn oy gl rel  fal eyl lbarl %
Process capability 255 265 36 400 44 58 312 ©

KISTLER

measure. analyze. innovate.

= o x
sTasaclac
—— e e
& B X
Quality features

v Length [mm] Weighting —.‘
I | l 13 esb o a3 |
1 I = ) (=
768 76.85 769 76.95 ry 77.08 771

@ Model value: 77.00  Nominal value: 77 ‘i""-
] | ] ] ] | |
t | P ¥ I |
768 76.85 76.9 76.95 iy 77.05 771

@ Model value: 76.99  Nominal value: 77 ]‘
1 | | | sl | |
1 Ins | L] I il
76.8 76.85 76.9 76.95 77 77.05 771

O Model value: 77.04 Nominal value: 77 ‘.‘"
] | | | | | |
1 Ins | L] I |
768 76.8% 769 76.95 7 77.05 71

@ Model value: 77.03  Nominal value: 77 '."‘
] | | | | s ] 1

B 5t Ittt ) vor p
768 76.85 769 76.95 n 77.0% 771

® Model value: 77.00  Nominal value: 77 '.“
1 | | | 3 | |
1 | fns | [ I |
76.8 76.85 76.9 76.95 7 77.05 771

@ Model value: 77.02  Nominal value: 77 'i"
1 | | l .= | |
1 I | * I LT |
768 76.85 76.9 76.95 77 77.05 771

(Z)  Model value: 76.96  Nominal value: 77 Y
| | | |- ] | 1
| s | I |
768 76.85 769 76.95 77 77.05 771

® Model value: 76.99  Nominal value: 77 s 3

21



Eventuali modifiche dimensionali dello stampo

3 STASA QC neo

KISTLER

meaner naiyis moe

B O o5

Menu

Project
Experiments
OPTIMIZE

Digital twin
Process capability
Model statistics

ANALYZE
PREDICT

REPORT

Insulin Pen Cap
- P100

Process capability

Please select quality features... A]

Process capability given for selected quality features? yes
Prediction of overall process capability 1.48
Threshold [ Cpk values >1.33
Qumytire B M e v K copa Mot PR
Length Cav. 1 76.9 mm 77.0 mm 77.1mm 76.98 mm 465 yes not necessary 0.0187 mm
Length Cav. 2 76.9 mm 77.0 mm 77.1mm  76.97 mm 273 yes not necessary 0.0279 mm
Length Cav. 3 76.9 mm 77.0 mm 77.1mm  77.02 mm 6.62 yes not necessary -0.0191 mm
Length Cav. 4 76.9 mm 77.0 mm 77.1mm  77.01 mm 503 yes not necessary -0.0112 mm
Length Cav. 5 76.9 mm 77.0 mm 771 mm  76.98 mm 2.24 yes not necessary 0.016 mm
Length Cav. 6 76.9 mm 77.0 mm 771mm  77.0 mm 422 yes not necessary 0.0007 mm
Length Cav. 7 76.9 mm 77.0mm 77.1mm  76.94 mm 2.78 yes not necessary 0.0627 mm
Length Cav. 8 76.9 mm 77.0 mm 77.1mm  76.97 mm 3.05 yes not necessary 0.032 mm
Weight Cav. 1 3.02g 3.05¢g 3.08g 3.069 488 yes -0.0123¢g
Weight Cav. 2 3.029 3.05g 3.08g 3.04g 4.04 yes 0.0102g
Weight Cav. 3 3029 3059 3.08¢ 3059 5.81 yes 0.0021g
Weight Cav. 4 3.02¢9 3.05¢g 3.08g 3.05g 472 yes 0.0002g
Weight Cav. 5 3.029 3.05¢ 3.08g 3.02g9 1.48 yes 0.0259g
Weight Cav. 6 3.02¢9 3.05¢g 3.08g 3.049 349 yes 0.0149g
Weight Cav. 7 3.029 3.05g 3.08¢g 3.03g 212 yes 0.0172g

22

KISTLER

measure. analyze. innovate.

- o X

stasacCac
= X



Analisi Statistica dei criteri di qualita il S

13 STASA QC neo - o >
KISTLER ik e sTAsAcCac
e syt mrosse P100 — s et
=8 0 9 ¢ Maodel statistics =] )4
- ) [ Please select quality features... ~ I
' Project
» Experiments
BT Name Modeitpe R Agupe Mesmateoute  Maxabsowee RMSE
~ ANALYZE Cycle time linear 947%  941% 0.0746s 01845 0.6494's
Quality analysis Length Cav.1 linear 99.0% 98.9%  000S6mm  0.0198mm  0.0533mm
PR - Length Cav.2 linear 954% 950%  00085mm  0.0711mm  0.1099 mm
ST LengthCav.3 linear 97.6% 97.3%  0009%mm  00409mm  0.0934 mm
* REPORT Length Cav.4 linear 97.9% 97.6%  00075mm  0.0336mm 00748 mm .
LengthCav.5 linear 943% 937%  00113mm  00674mm  0.1245mm
LengthCav.6 linear 983% 982%  00073mm  00288mm  0.0705mm
Length Cav.7  linear 98.4% 98.2% 0.0066 mm 0.0186 mm 0.0601 mm
Length Cav.8 linear 97.8% 97.6%  0008Tmm  0035%8mm  0.0751mm
Weight Cav.1 linear 98.4%  98.2% 0.00169 0.0046 g 0.0142¢
Weight Cav.2 linear 97.7%  97.5% 0.0017¢g 001029 001749
Weight Cav.3 linear 96.0%  95.6% 000239 0.0076 g 0.02129
Weight Cav. 4 linear 85.8%  84.3% 0.0038 g 0.0166g 0.0388 ¢
Weight Cav.5 linear 924%  91.6% 0.0028¢ 002139 00338 ¢
Weight Cav.6 linear 98.5%  98.4% 0.0013g 0.0048 g 0.0124¢
Weight Cav.7 linear 982%  98.0% 0.0017¢ 0.0055g 0.0163 g
Weight Cav.8 linear 983%  98.1% 0.0015g 0.0052g 001389

23



Visualizzazione Curve di Pressione per i vari esperimenti KISTLER

measure. analyze. innovate.

€ STASAOC neo - o X
KISTLER - sTasacCjac
=8 @ 9 ¢ Quality analysis = b4
o ) # Tbamel Thotrun Tmold phold winject pback 5 v (01 [@Measurements
i 1 250 250 38 00 45 60 : e
* Experiments O 2 255 260 40 200 60 70 !
» OPTIMIZE O 3 255 260 a0 00 30 50
~ ANALYZE 4 240 240 40 200 30 50 .
| Quality analysis
Significance analysis Measurements Curves
» PREDICT Length A

Temperature Pressure
* REPORT Model values O

post gate
none © OPTIMIZE
300
250
77.05 fesia d
gm?-? %! O Measurement Cav. 1 = 1.1 Press. Cax. 1
o £ Model value Cav. 1 —— 1.2 Press. Cav. 1
77 & = 200 —— 1.3 Press. Cav. 1
—_ 4 breee ) —— 1.4 Press. Cav. |
E FEELT h a 4 2 —— 1.5Press. Cax. 1
& 5 150 = 4.1 Press. Can. 1
E‘ 76.95 § —— 4.2 Press.Cav 1
s an = —— 4.3 Press Cav 1
frrry a
0 o 100 T —— 44 Press. Cav 1
b
769 T —— 4.5 Press. Cax 1
. o
A A\ N\
d 50
76.85 / \ \
O 0
0 L [ \

2z 25 3 35 4
Time [s]
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Valutazione Impatto delle Variabili X sui Criteri Y

4 STASA QC neo

KISTLER

=6 © © ¢
Menu

* Project

* Experiments

* OPTIMIZE

~ ANALYZE
Quality analysis
| Significance analysis
*» PREDICT

* REPORT

Significance analysis

Weight

= Positive correlation

Machine
parameter

holding

pressure

injection
speed

mold
temperature

barrel
temperature

back
pressure

hot runner
temperature

Effect on the selected quality feature

. s

. 207

104 N

7 W

Insulin Pen Cap

A DPRVEBOE

B Negative correlation

Effect on the scatter of the selected quality feature

045 NN

e

L ERLE

iz

163 I

B 1s0s

Pae)

KISTLER

measure. analyze. innovate.
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Definizione Automatica dei punti notevoli della Curva di KISTLER
Pressione per correlazione con criteri di qualita

&3 STASA QC neo _ . .
Kl Insulin Pen Cap @
eidia S, - stasacOlac
=@ @ » e Process indicators =) X
= ] 0000
* Project
» Experiments

Time range for selecting process indicators

» OPTIMIZE i End sl b

* ANALYZE
Selected process indicators
~ PREDICT manual selection for all cavities together
Sensors + automatically selected + manually selected > manually deselected
I Process indicators Selection  Sensortype  Sensorposition Indicator R Temperature Pressure
Model generation post gate O
Model statistics v Pressure post gate max (curve) 67.8%
Pressure st gate integral (curve 64.4%
» REPORT v post gat egral ( ) -
e Pressure post gate mean (curve) 64.4% ‘
Pres: bef i 50.8%
v sure post gate mean (before maximum) 500 -
o Pressure post gate integral (before maximum) 36.0% = 1.2Pmes.Cov 1
=== 1.3 Press. Cav.1
v Pressure post gate single value 2.24s 236% © 400 {—— — 1 1T = 14Press. Cav. }
= ——— 1.5 Press. Cav. 1
v Temperature post gate mean (curve) 13.0% —% 2.1 Press. Cav. 1
Pressure post gate single value 1.47s 67.6% © g e : ;::: 2: :
d 2.4 Press. Cav. 1
Pressure post gate single value 1.54s 66.7% © L 250 i
Pressure post gate single value 1.41s 60.6% © 3.1 Press. Cav.1
3.2Press. Cav. 1
Pressure post gate single value 1.35s 51.6% @ 100 — 3.3Press. Cav. 1
~ 3.4 Press. Cav. |
Pressure post gate single value 1.60s 60.2% ©
Pressure post gate single value 1.28s 41.0% ©@ ° G ON
o 4
Pressure post gate single value 1.67s 525% ©@




Generazione modello di Previsione per Monitoraggio in ComoNeo HigILER

measure. analyze. innovate.

o3 STASA QC neo - o X

KISTLER T pemin stasacClac
=8 Q@ o ¢ Model generation e B X
Menu X

Training PREDICT model...
* Project

* Experiments 2 @
» OPTIMIZE
» ANALYZE Lot

~ PREDICT

Sensors
Process indicators

Model generation
Model statistics

* REPORT

27



KISTLER

measure. analyze. innovate.

Definizione limiti di accettabilita del Modello

3, STASA QC neo - o X
el S stasacOac
=8 @ Model generation (=] X
Menu

» Project
* Experiments Model error type for ComoNeo [ RMSE ~] Model validity limits
» OPTIMIZE Tolerance model validity limits (Y) % Temperature Pressure
» ANALYZE Tolerance model validity limits (X) X 10ms postgate
i 2
« PREDICT Model quality (R?) ‘
Temp. Cav. 1 (pog) lower
Sensors 97.97% 100 A —— | - ‘ . Temp. Cav. 1 (pog) upper
Process indicators = check data w0k = good = - Temp, Cav. 2 (pog) lower
| Model generation S__& = —— Temp. Cav.2 (pog) upper
Model statistics A prediction with the PREDICT model is only possible if the current sensor curve lies completely 300 — N == .9 ~—— Temp. Cav. 3 (pog) lower
between the upper and lower validity limits for the respective sensor. This is a precondition and \ N T Temp. Cav. 3 (pog) upper
* REPORT safeguard for the prediction, but not the prediction itself. The prediction is calculated with the T N S —— Temp. Cav. 4 (pog) lower
PREDICT model. - N\ 416 5 — Tem. Cav.4 pog) pper
s \ g Temp. Cav. 5 (pog) lower
€ 3 \ & Temp. Cav. 5 (pog) upper
T | /_&\i- : ‘ 304 1= — Temp. Cav. 6 (pog) lower
"\::\\\:\:; N —— Temp. Cav. 6 (pog) upper
\%x: Temp. Cav. 7 (pog) lower
o [ — . Temp. Cav. 7 (pog) upper
| —— Temp. Cav. 8 (pog) lower
= Temp. Cav. 8 (pog) upper
T T
0 05 1 15 2 25 5 4
Time [s]
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Valutazione Statistica del Modello

o3 STASA QC neo

-

Project
Experiments
OPTIMIZE
ANALYZE

PREDICT

Sensors

Process indicators
Model generation
Model statistics

REPORT

Model statistics

Please select quality features...

Length x

Length Cav. 2
Length Cav. 3
Length Cav. 5

Ly
Modeltype  RE

non-linear  96.2%
non-linear 97.9%

non-linear  95.8%

Ad). R*

95.6%
97.6%
95.0%

Mean absolute

0.0082 mm
0.0084 mm
0.0106 mm

Insulin Pen Cap
P100

NEclL-]-Jel Jolelo

Max absolute RMSE

0.0631 mm 0.1009 mm
0.0424 mm 0.086 mm

0.0491 mm 0.1075 mm
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Monitoraggio della previsione dimensionale a fine ciclo KISTLER
durante la produzione con ComoNeo

— ComoNeo Setup [InsulinPen] A + [ & 2 administator X | | 2017 3:04PM
1\ Home
@\’ Analysis Analysis> Model Evaluation Display Values
Trend Cycle 20 (4|»]||H Length [mm]
Cycle Criteria Cavity Current Minimum Maximum
Evaluation Objects m Ze0i01 i T
Multiflow }.[ﬁ%th
I I I I | I @ 769:01 769 771
Delta Time @ 3
. @ 77101 76.9 771
Mode! Evaluation
Weight
%3 Monitoring lq] I | | m 71301 769 771
o 5 I I I |
>
SOt @ 76.9:0.1 76.9 771
| | I | | | | |
m Mould
Burr @ 769:01 769 77
|o !
o| Device formation
: 76.9:0.1 76.9 771
/9 Maintenance ® @ s
@ 76.9:0.1 76.9 771
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