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Tetra Pak Is a systems supplier of

Processing solutions Packaging solutions Distribution solutions
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Tetra Pak Is global and works locally

Present in more
than 170 countries
across 5 continents

42 packaging
material plants

11 R&D units

11 machine
assembly plants
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Development & Engineering

No. of employees

Lund, Sweden 1031 &
Modena, Italy f{ 1466 o
Stuttgart, Germany 19
Romont, Switzerland 26

Other locations 4

mmmmm
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Total world deliveries

Carton packaging material, mio packs 145,030
Distribution machines 1,113
Packaging machines 351

Processing units 1,699

mmmmm
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Tetra Pak Group, January 2010

Machines in operation

51,859 processing units

9,048 packaging machines

16,641 distribution machines

-
Tetra Pak
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Today’s package portfolio
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Introduction of Tetra Pak

Statistics support to PD process:
V-model approach

DOE at Tetra Pak
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Basic Statistics ‘ momEE ‘

Gauge R&R, round robin procedures ‘
Statistical Process Control And
Capability Analysis ‘ many Other th,n
gs.
Multivariate Data Analysis

Risk Analysis ‘
VMEA |

Statistical Tolerance Analysis

Signal Analysis

Data Management O Au1AA

Robust Design

L

Tetra Pak Hot air sealing

system simulation
T Power consumption

External
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Statistics at Tetra Pak
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Statistical support to PD process: DoE within V-mod el

Validation Tests

Integration Tests

Module Test

Unit Test
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State of the art?

Reqs

" -
verifiable” S

Verified?

Architecture
Design
Ready to
Verify, Validate
And test?

. ‘ o’
Tetra P;k g

6.& o°°

Ari G

‘ Fetailed ‘

Design
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Introduction of Tetra Pak
Statistics at Tetra Pak

Statistics support to PD process:
V-model approach

e

Key messages
Questions & Answer

External
Tarantino-Leardi / Jun 2010




Consumer Satisfaction
of opening system
Case study
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Experiments

The aim of this study was to identify
the parameters that optimize the
performance and the customer
satisfaction

Packaging types, dimensional,
sensorial and sociological factors
were studied. 3
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This activity is part of the product test & consumer
satisfaction activity during concept development phase.

1. Atrade study furnishes the feasibility
test cases that fit the targeted usage
scenarios.

2. Instrumented mock-ups are
manufactured in order to exercise the
alternative opening systems

Je S ®
#ﬁ 5
3. Arepresentative set of consumers 4 /
from the addressed population is

selected.

4. A short training set is proposed to
every consumer and successive 5
randomized openings.

5.  Subjective satisfaction index and

objective opening performance are
L

registered and analyzed.




Design and Analysis of Industrial Experiments
DoE at Tetra Pak — Consumer Satisfaction case study

FACTORS UNDER STUDY

Diameter; 17-40 [mm

Grip:
- Packaging
Age

Sender

R 8
‘ L 4
L] .A :
2 Tetra Pak Q
00
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Due to subjective evaluations and low cost of the single test a mixed full
factorial testing with multiple “mid-points” was planned and executed in order
to eliminate risky confounding and assess single users biases.

=10| x| _10| x
[ame Abbr. LA Settings Marne |} I 1 2 [ |
1 H 4.4 to 204 1 [ max torque 1 | Maximum Runs 2043
2 D .. 17 to 40 2 | Appraisal I..I 2 Objective SCreening
3 B .. =1, 52, 53 3 Process hModel Interaction
4 o .. Bottle, Carton 4 Mixture Model -
a fgen .. male, female i Design | Full Fac (Mixed)
B Age W 32.5,67.5 E | Runsin Design o5
to 7 Center points o
& Replicates 4 o
1| | ]| 8 |MN=Actual Runs 520 -
v 4

Each consumer opened 5 consecutive randomized mock-ups after
one or two “training” openings on the mid-points.

L

Tetra Pak
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The two main responses evaluated are characterized by:
Opening force: objective, continuous, normally distributed

Consumer satisfaction: Subjective, semi-quantitative and comparative:

K6 A >

Min. Max satisfaction

To determine the number of replicates in the experiment we used the
power function on the base of historical information in order to optimizing
the chances to identify at least one grade on the satisfaction scale.

The sampling so determined was more than sufficient to characterize the
opening force characteristics.
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T [ 2 [ 3 | 4 11 | 12 |
| 1 | Exp No Exp Name Run Order Incl/Excl | max torque Appraisal
2] 1 N 437 | Incl [+] 4.4 17 1 |=| Bottle rnale 32.8 2?
B 2 h2 350 el [+] z0.4 17 61 [+]Bottle [+lmale [<] 32.5 &3 0.6

4 3 N3 ' 310 Inel  [+] 4.4 40 61 [«|Bottle [ male [=] 32.s 115.5 2.7
5 | 4 14 ' 435 Incl  [«| 20.2 40 G1  |[=|Bottle [v|male [+ 32.5 280.5 3.1
| 6 | 5 N5 | 183 Incl [+ 4.4 17 G2 [=|Bottle [«]male [+] 32.5 17.5 1.4
ES 6 NG ' 3nel [+ z0.4 17 G2 [+|Bottle [+l male [+] 32.5 58.5 | 0.7
2] 7 N7 | 111 nel [=] 4.4 40 G2 [+|Bottle [=lmale [+] 3z2.s 92.5 3.1
El 8 N ' 6 el [«] z0.2 40 G2 =] Bottle [v|male [+ 32.5 152.5 2.9
10| 5 ng ' 40z Incl  [»| 4.4 17 G3 [+ Bottle [+imale [+] 32.5 41 0.9
| 11| 10 M0 ' S el [+ z0.4 17 63 [+ Bottle [+lmale [+] 32.5 87.5 2
12 11 N1 | 29z Inel [+ 4.4 40 63 [+|Bottle [=lmale [=] 3z.s 112.5 3.z
13 12 | N2 ' Siel [+] z0.2 40 63 [+]Bottle [+|male [+] 32.5 151 1.1
14 | 13 13 ' 155 lnel  [=] 4.2 17 61 [+ Carton [+l male [+] 32.5 16.5 2.6
15 | 14 N4 ' 185 Incl  |w| 2z0.4 17 61 [+|Catton = male [+] 32.5 23.5 2.2
| 16 | 15 15 ' 149 Incl  [=] 2.4 4061  [=|Caton [»l male [=] 32.5 53 3.6
17 16 N1B ' 196 Incl  |=| z0.4 40 61 [+] Carton [=] male [+] 3z.s 172.5 4.6
E 17 M7 | 3¢ Incl [v] 4.2 17 62 [+ Carton [+lmale [+] 32.5 1z.5 2.1
19| 18 N1B ' 470 Inel  [«] 20.4 17 G2 [+|Canon [+ male [+] 32.5 32 0.8
20| 19 W19 ' 427 Incl [+ 4.2 40 G2 [»| Carton [=] male [+] 32.5 95 3.5
| 21 | 20 N20 ' 36/ Incl [+ 20.4 40 G2 [+|Caton [#] male [=] 32.5 257.5 1.9
22 | 21 N2 | 413 Inel [+ 4.4 17 63 [+ Carton [=lmale [+] 32.5 25.5 0.5
23 22 | h22 ' 490 el [«] zo0.4 17 63 [+ carton [+lmale [<] 32.5 51 2.5
| 24 | 23 N23 ' 16 el [+ 4.2 40 G3  [=| Canton [=] male [+] 32.s 130 4.2
25 | 24 24 ' 493 Incl  [«| 20.2 40 G3  |=| Carton [w|male [+ 32.5 275.5 3.3
| 26 | 25 N25 | 498 Incl  [+] 4.4 17 61 [=| Bottle [=]fernale [+]  32.5 16 1.7
7 26 N25 ' z61 Inel [+] 20.4 17 61 [+|Bottle [+]female [+] 32.5 47.5 0.8
2R 27 M7 | 347 Inel [+ 4.4 40 61 [+]Bottle [+]female [+]  32.5 £9.5 2.8
29 | 28 N2B ' 436 Incl  [«| 20.4 40 G1  [=|Bottle [+|fermale [+] 32.5 223.5 2.1
30| 29 M9 ' 125lncl [=] 4.2 17 G2 [+]Bottle [+] fermale [«] 32.5 18 3.3
Bl 30 N30 ' 35 Incl  [+] 20.4 17 G2 [+ Bottle [+]female [+] 32.5 71 1.4
| 32 | 31 3T | 396 Inol  [+] 4.4 40 52 [+|Bottle [«] female [+] 32.5 77 3.3
33 | 32| NE2 ' 370 el [«] z0.4 40 62 [+]Bottle [+]female [+] 3z2.s 197 3.1
EA 33 N33 ' 246 Incl  [v] 4.2 17 G3 [+ Bottle [+ fermale [+] 32.5 19 1.7
35 | 34 N34 ' 473 Incl  [«] 20.2 17 63 [+]Bottle [+]fermale [¢] 32.5 715 1.8
A' | 36 | 35 M35 | 475 Incl  [+] 4.4 40 53 [+|Bottle [ female [+] 32.5 77 4.3
Tetra Pal 7 36 M35 ' 317 Inel  [+] 20.4 40 63 |v|Bottle [v|fermale [+] 32.5 z41 1.8
38 | 37| NG7 | 463 Incl [+ 4.4 17 61 [+] Carton [+] fermale [=]  32.5 11 3.3

Note: the runs are here not randomized but in reality they are. The responses are
artificially changed for confidentiality reasons
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Investigation: RE-LAB_Il step_withElderyAges_12052010 (PLS, comp.=2)
Summary of Fit
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max torque

Appraizal

Investigation

Prediction Plot

- RE-LAE_Il step_withElderyAges_12052010 (PLS, comp.=2)
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Walug Settir Valug
Investigation: RE-LAB_|l step_withElderyAges 12052010 PL%w%@[@E 72 = Investigation: RE-LAB_Il step_withElderyAges_ 12052010 F'L%W%gpgi F2)
Sweet Spot = max torgue(30 - 175), i Criterion met 1 Sweet Spot = max torgue0 - 175), i Criterion met 1
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Bottles Carton

The green area inside the plot shows the range of diameter and
height where the criteria: appraisal 2.5-5 and a reasonable torque are
both satisfied. In the yellow one only one of the two responses is fits
the criteria.

This plot is used to find the best operating conditions for getting the
desired dimensions of the cap.
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The final configuration for the opening
system design to achieve the target of this
study is:

Height: 20.35 mm

Diameter: 39.5 mm

Grip: G2 (not practically relevant)
Grip is not practically relevant and so it was

settled up to the state of the art without
further developments.

il =
Tetra Pak o)
47':5 GO

' <5
..
()
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State of the art?
Market research & screening

Define

Requirements

Casce

L

Tetra Pak

Verify lines

Confirm

Validation Tests

Integration Tests

Module Test

Unit Test

‘ Detailed
Design
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Process parameter
optimization
Case study
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Experiments

The aim of this study was to
optimize the injection moulding
process parameters to produce
caps according to the dimensions
identified in the previous study.

In particular, cap-lid diameter and
cap total height were studied.
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The injection moulding is a manufacturing process for
producing parts from thermoplastic material.

1.  Granules of plastic powder are poured + Raw Plastic Pellts
i

. poured into hopper
or fed into a hopper =
2. A heater heats up the tube and when it ,’i
reaches a high temperature a screw :
thread starts turning. 1*
Fooee] [oemer] Fememe] feses] Feremed fevedd
3. A motor turns a thread which pushes _‘_%/< 4 4_'4;}(
the granules along the heater section I frrratos 7o Fue 7ra s s R eSO A ]
WhICh melts then II’]'[O a IIqUId Ddolten plasti ~ I-ie;at.er}:;a:.nc%s su}.J];.Jlgrh;alt ;uthe.}:lna..rrel

ernerges when the

4.  The liquid is forced into a mould where == e
it cools into the desired shape (in this
case a cap).

-
BoTEW
roe fering

L e
SCTEW SCTEW
compresson’ feed

5. The mould then opens and the unit is

removed.
Lor
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FACTORS UNDER STUDY
INJECTION TIME: Time for the injection of the polymer into the mold cavity
INJECTION TEMPERATURE: Temperature at which the heater heats up the tube

HOLDING PRESSURE: Pressure applied by the screw to compensate the shrinkage of the
plastic part

HOLDING TIME: Time at which the screw applied the holding pressure

OOLING TIME = Time to transform row plastic material into desired part

R s>
. 4
o
etra Pak /-
6_,’ Al

4 T's GO
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For each one of the factors, 2 levels were studied, a “high level”
and a “low level”. We call these levels by — 1 and +1 respectively

(or just — and +).

Low level (-1)

High level (+1)

Injection time 0.2 sec 0.4 sec
Injection temperature 230 C 250 C
Cooling temperature 09<C 1.1C

Holding Time 0.8s 1.2s

Holding pressure 407 bar 543 bar
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Create Factorial Design - Display Available Designs

W|th 5 factors and 16 runs we fvwailable Factarial Designs (with Resalution]

have a resolution V factorial fnl Z 15 ST 5 67 o [ o io[ii izl
design, i.e. main effects would s U —
be confounded with four-factor 22 R | v v v v | v
interactions, and two-factor TR e
Interactions would be e e T e mem L rw ae
confounded with certain three- S11  12.20,24,28,...48 2427  28.32,36.40.44.48 4043 44,98
factor interactions. 16-19  20,24,28,32,...,48  32-35  36,40,44,48

e |

3 additional midpoints were e o -
added.
They are used to learn 0 o

something about non-linear
effect and to limit the effort
Lo of replications o | ° ]

Tetra Pak -1 0 1
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To determine the number of replicates in the experiment we used the

power function

Power function is a function of the probability to reject a certain | Sample size
hypothesis ”?ded-
Question: What is the ?

size of difference in the
response that we want
to be able to detect
(“practical relevance”)

Significance level: 0.05,
risk to reject the
hypothesis that the Effect
Is zero despite the fact that

itis. (“Type I risk”) .

?

VS

1& '$3& ($
With such low
variations in the
experiment 1
replicate per run
IS good enough

Vo
“~
Tetra Pak

Relevant difference: If the effect
is + 0.02 we want to detect it
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RUN FACTORS RESPONSES
Inj. Time  Inj. Temp  Cooling time Holding time Holding pressure H D
1 0.2 230 0.9 0.8 543 20.293 39.402
2 0.4 230 0.9 0.8 407 20.202 39.407
3 0.2 250 0.9 0.8 407 20.194 39.284
4 0.4 250 0.9 0.8 543 20.296 39.528
5 0.2 230 1.1 0.8 407 20.211 39.287
6 0.4 230 11 0.8 543 20.308 39.532
7 0.2 250 1.1 0.8 543 20.304 39.403
8 0.4 250 1.1 0.8 407 20.215 39.402
9 0.2 230 0.9 1.2 407 20.284 39.459
10 0.4 230 0.9 1.2 543 20.391 39.712
11 0.2 250 0.9 1.2 543 20.384 39.576
12 0.4 250 0.9 1.2 407 20.289 39.575
13 0.2 230 1.1 1.2 543 20.400 39.589
14 0.4 230 1.1 1.2 407 20.304 39.578
15 0.2 250 1.1 1.2 407 20.299 39.463
16 0.4 250 1.1 1.2 543 20.402 39.713
17 0.3 240 1 1 475 20.301 39.499
AA' 18 0.3 240 1 1 475 20.301 39.499
Tetra Pak
19 0.3 240 1 1 475 20.299 39.503

Note: the runs are here not randomized but in reality they are. The responses are
artificially changed for confidentiality reasons
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Randomizing the order of the runs is usually good.

It is some kind of insurance that our conclusions will not be
affected by uncontrolled variation of the test environment.

... but randomization is not always easy or even possible ...
Drawbacks with randomization:
Some factors are hard and time consuming to change

The number of changes of factor levels might in itself be time
consuming

It might get difficult to keep track of the experiments.
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Factorial Fit: H versus Inj. Time, Cooling time, ...

Estimated Effects and Coefficients for H (coded units)

Term Effect Coef
Constant 20.:2986
Inj. Time 0.0047 0.0023
Cooling time 0.0138 0.0069
Holding time 0.0914 0.0457
Holding pressure 0.0975 0.045858
Holding time*Holding pressure 0.0027 0.0014
Ct Pt 0.0015
% = 0.00119383 PRESS = 0.0000519243

R-8g = 99.98% B-Sgipred) = 99.93%

hnalysis of Variance for H (coded units)

Source DF Seqg 55 Ady &85
Main Effects 4 0.072281% 0.072281% 0
Z-Way Interactions 1l 0.0000302 0.0000302 O
Curvature 1 0.0000080 O0.0000080 O
Residual Error 12 0.0000171 0.0000171 O
Lack of Fit 10 0.0000152 0.0000152 0O
Pure Error 2 0.000001% 0.0000019 0
Total 18 0.0723373

L

Tetra Pak

5E Coef
.0oozes
. 000298
. 000298
.000z98
.000z98
.000z98
.000751

o oo oo oo

R-Sgfadi) = 99.96

adj N3

L0180705
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Factorial Fit: D versus Inj. Time, Holding time, Holding pressure

Estimated Effects and Coefficients for D

Term Effect Coef
Constant 39.4944
Inj. Tine 0.1230 0.0615
Holding time 0.1774 0.0887
Holding pressure 0.1249 0.0&625
Inj. Time*Holding pressure 0.0059 0.0030
Ct Pr 0.0053
5 = 0.00359238 PRE3S = 0.000523230

R-5q = 99.92% R-Sq(pred) = 99.79%

Analysis of Variance for D (coded units)

Source DF Seq 33 adj 53
Main Effects 3 0.248545 0,248845
Z-Way Interactions 1 0.000140 0.000140
Curvature 1 0.000085 0.000085
Fesidual Error 13 0.000157 0.000197
Lack of Fit 3 0.000087  0,0000&7
Pure Error 10 0.000130 0.000130
Total 18 0.249270

o oo o oo

o o o O O O

(coded units)

SE Coef
. 000373
. 000373
. 000973
. 000973
. 000373
. 002449

E-Swfadi) = 99.
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The white area inside the plots
shows the range of holding time
and holding pressure where the
criteria for both response
variables are satisfied.

This plot is used to find the best
operating conditions for getting
the right height and the right
diameter of the caps

Vo
“~
Tetra Pak
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-----
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Optimal Inj. Tim Cooling Holding Holding
D High 0.40 1.10 1.20 543.0
Cur [0.2164] [1.10] [0.9880] [543.0]
1.0000 [ ow 0.20 0.90 0.80 407.0
COmPOSite \ /
Desirability
1.0000

H
Targ: 20.350
y = 20.3500

d = 1.0000

D
Targ: 39.50
y = 39.50
d = 1.0000

L

Tetra Pak
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ir optimizaig § 55,
The final configuration for the injection
moulding process to achieve the target of
this study is:

Injection time: 0.21 sec

Cooling time: 1.10 sec

Holding time: 1 sec
Holding pressure: 407

The injection temperature is unimportant
and so it was settled up at 230 T
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Introduction of Tetra Pak
Statistics at Tetra Pak

Statistics support to PD process:
V-model approach

DOE at Tetra Pak

Questions & Answer

External
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* DOE increases value of the overall system life-
cycle planned activity

o Careful preliminary tests maximise the success
as a part of proper planning.

» DoE design is “easy” but proper planning,
randomization, preparation and execution is
another game.

* DOE is not the “Panacea” to clarify all the
uncertanties characteristics of the system during
the development.

* DoE complements very well with the majority of
the other statistical techniques.
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Who should you contact

To know more and keep updated... www.tetrapak.com

Pietro Tarantino
Expert Advisor

D&E - Packaging Technology
Engineering Excellence
Systems Engineering Methodology

Pietro.tarantino@tetrapak.com
+39 059898389

Carlo Leardi
Expert Advisor

D&E - Carton Value
Systems Engineering
Systems Engineering Validation

Carlo.Leardi@tetrapak.com
f’+ RO 059898389

Tetra Pak
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Thank you for attention!

Lo

Tetra Pak




Turning used cartons into an asset

Separating paperboard from plastic and aluminium

Tetra Pak
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Recycled cartons — a valuable asset

Raw material for a wide range of new products

Cardboard Dry food boxes Household tissue

Egg cartons Envelopes Paper cores Plasterboard liner

Frozen food boxes Industrial tissue Office paper Paper bags

v
AA
Tetra Pak
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Recycling — a growing industry
Ensuring efficient re-use of valuable resources

33% of beverage cartons
recycled in EU (2008)

18.7% Tetra Pak cartons
recycled world-wide (2009)

We actively support
Increased recycling and
consumer awareness




