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Preform Shape and Operating Condition Optimization
for the Stretch Blow Molding Process

F. Thibault, A. Malo, B. Lanctot, R. Diraddo

Industrial Materials Institute, National Research Council of Canada, Boucherville, Québec J4B 6Y4, Canada

In this work, a new design approach was developed to
automatically and consecutively predict optimal preform
geometry and optimal operating conditions for the
stretch blow molding process. The numerical approach
combines a constrained gradient-based optimization
algorithm that iterates automatically over predictive fi-
nite element software. The strategy allows for targeting
a specified container thickness distribution by manipu-
lating consecutively the preform geometry (thickness
and shape) and the operating parameters subject to pro-
cess and design constraints. For the preform shape opti-
mization, the preform geometry is mathematically para-
meterized for simplified treatment and the correspond-
ing sensitivities are evaluated using a finite difference
technique. A finite difference technique is also employed
for the operating condition optimization. The con-
strained optimization algorithms are solved via the use
of the sequential quadratic programming method that
updates the design variables accordingly. Predicted
optimization results obtained on an industrial case are
presented and discussed to assess the validity when
compared to experimental results and the robustness of
the proposed approach. POLYM. ENG. SCI., 47:289–301,

2007.ª 2007 Society of Plastics Engineers

INTRODUCTION

Stretch blow molding (SBM) is the process of choice for

the production of PET containers, in particular for the food

and beverage industry as well as the pharmaceutical sector.

The SBM process is a high volume process with costly tool-

ing for both the preform and the container. For example, an

injection-molding machine can have a 144-cavity preform

configuration and a stretch blow-molding machine can have

a 16-cavity blow molds. Therefore, it is critical in the

design phase to minimize tooling modifications, which can

be quite costly.

The design of the tooling in polymer processing via the

use of modeling technologies has increased significantly in

industry over the last 10 years. The drivers for their use are

reduced part development time, improved part quality, and

minimized tooling modifications. Recently, for injection

molding, FEM simulation tools have been integrated into

automatic optimization algorithms [1] in an effort to mimic

a design engineer’s ideal use of the software. For SBM,

simulation tools have recently begun to penetrate into the

culture of the industrial design process. The subsequent

integration of these simulation tools into numerical optimi-

zation algorithms for automatically predicting preform

shape geometries and operating conditions would signifi-

cantly assist in the development cycle.

The SBM process involves three stages, the reheat stage

where previously injection-molded preforms are heated to

the desired forming temperature distribution, followed by

blowing and the solidification stages. During the blowing

stage, the preform is stretched with a cylindrical rod. For

the duration of stretching, a pre-blow is applied to prevent

the stretching rod from contacting the inside preform wall,

which can lead to container defects. When the rod reaches

the bottom wall of the container, a high blow pressure is

applied inside the preform to reach the final container shape

and maximize cooling efficiency. The high pressure is held

for �1 or 2 s to cool the container down and an exhaust is

finally performed to get the final product.

The design space for numerical optimization is highly

complex. The process sequence is complex and highly

coupled, resulting in major challenges regard to prediction

and subsequent optimization. The material rheological

behavior during the stretching and inflation steps is highly

nonlinear and thermally dependent, resulting in further

challenges with regard to prediction and subsequent optimi-

zation. Furthermore, the optimization strategy needs to con-

sider process and design constraints, which further compli-

cate the calculation.

From a numerical optimization point of view, only the

work of Lee and Soh [2] has been reported in the literature

for SBM. They developed a finite element optimization

method to determine the optimal thickness profile of a pre-

form for a blow-molded part, given the required wall thick-

ness distribution. In their approach, the preform was not ax-

ially stretched during the forming stage and only one manu-

facturing constraint is applied, that being the ejection of the

preform from the mold. As there was no axial preform

stretching and no constraint about the core-rod ejection dur-

ing the injection molding process, the model, although a
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good first step, did not include important steps in the pro-

cess sequence.

Other related optimization works have been published in

extrusion blow molding. Laroche et al. [3] proposed a

closed-loop optimization approach analogous to classical

process control system to manipulate the process parame-

ters such as the die programming profile to obtain desired

target values of inflated part thickness. Gauvin et al. [4]

revisited the previous work by employing a gradient-based

approach to minimize the design objective function by

manipulating the processing parameters.

In polymer injection molding, Smith et al. [5] and Kaba-

nemi et al. [6] used a design sensitivity analysis coupled

with a gradient-based approach to optimize the gate loca-

tion in order to minimize filling time. Several papers in

metal forming [7–12] have proposed different shape optimi-

zation algorithms to optimize the preform die shape to get

final part with a pre-specified geometry. The shape optimi-

zation integrating the finite element analysis tools is an

emerging field with a strong potential and will be addressed

in this work.

Optimization Design Environment

The goal of this work was to develop a design optimiza-

tion environment for the design of preforms and container

moulds. Throughout the optimization, the strategy consid-

ers the coupled effects of the different steps in the blowing

sequence as well as highly nonlinear and thermally depen-

dent material behavior.

Two complementary optimization algorithms are pro-

posed in this work:

• Preform shape optimization that manipulates the preform

geometry (shape and thickness) for a given set of proc-

essing conditions to target the desired container thickness

distribution.

• Operating condition optimization that manipulates the

operating parameters for a given preform geometry to tar-

get the required container thickness distribution.

The optimization strategies are integrated into a design

environment as illustrated in Fig. 1. A performance optimi-

zation is performed to predict the container thickness distri-

bution that minimizes the preform weight and satisfies per-

formance specifications such as top load, pressurization,

and vacuum loads.

The next step involves making a decision as to whether

or not a new preform has to be designed to satisfy the pre-

dicted container thickness distribution. To minimize the

cost associated with the design of a new preform, designers

prefer to use existing preforms and adjust or optimize the

operating conditions to satisfy the container performance.

In this scenario, an operating condition optimization is trig-

gered.

FIG. 1. Schematic overview of preform design strategies.
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If the container thickness targets cannot adequately be

reached, a new preform must be designed using the preform

shape optimization, which would precede the cutting of a

new preform mould. Finally, once the preform shape opti-

mization is complete, a final operating condition optimiza-

tion is performed in order to fine-tune the operating condi-

tions further. As preforms are injection molded, their design

geometry must take into account constraints such as core

rod demouldability from the inside preform and preform

demouldability from its cavity. Different types of preform

are used in the industry to satisfy these constraints (Fig. 2).

In this work, we focus on the first three preform types (out-

side, inside, and dual side taper preforms) that represent

around 85% of all the preforms designed in industry.

The preform is divided into four sections: finish, taper,

body, and end-cap sections. These sections have been para-

meterized to efficiently allow for reconstruction of the

entire preform geometry after every optimization iteration,

by modifying one or more of these parameters (Fig. 3). The

variables l, ID, Z, T, and OR represent the length, the inside

diameter, the finish outside support ledge, the thickness,

and the outside radius of the preform, respectively. The

indices f, tp, c, TB, BB, and EC represent the finish, the

total preform, the conveying zone, the top body, the bottom

body, and the end-cap, respectively.

The geometric relationship between container and pre-

form is illustrated in Fig. 4. From a design point of view,

three different types of stretch ratios are usually considered

in the preform design [13]: axial stretch ratio (lax), hoop

stretch ratio (lh), and end-cap thickness ratio (d). The axial

stretch ratio is the ratio of the bottle length (Lb) to the pre-

form length (lp), without taking into account the finish

length that is not generally considered to be an active

stretched region. The hoop ratio is defined as the ratio of

the outside diameter of the container (Db) to the outside di-

ameter of the preform (db). The end-cap thickness ratio rep-

resents the ratio of the bottom body thickness to the end-

cap thickness. For example, for a typical 2 L carbonated

soft drink (CSD) bottle, these stretch ratios range in the next

preform design window [13]:

2:2 , lax , 2:8;

4:4 , lh , 5:4;

0:7 , d , 0:8: ð1Þ

The product of axial and hoop ratios gives the total blow

up ratio (BUR), which is an indication of the total stretched

ratio undergone by the PET material during the forming pro-

FIG. 2. Different types of preform geometry used in the industry (Cour-

tesy of CRC Press).

FIG. 3. Parameterization of preform into four sections: finish, taper,

body, and end-cap.

FIG. 4. Relationship between container and preform in term of stretch

ratios.

DOI 10.1002/pen POLYMER ENGINEERING AND SCIENCE—-2007 291



cess. The BUR could vary significantly depending on the bot-

tle types manufactured (hot fill, CSD, or water). The industry

is constantly aiming for higher BUR value in order to

improve PET bottle mechanical and barrier properties that

strongly influence by an increase of material molecular orien-

tation. However, care has to be taken to avoid polymer over-

stretching or polymer delaminating during the forming pro-

cess.

NUMERICAL FORMULATION

The first step in numerical design stage is the mathemati-

cal formulation of the objective function. The purpose of

the objective function is to numerically describe in one

expression, the part specifications, the design variables, and

the costs associated with processing and part quality. It con-

sists of the minimization of a cost function, subject to a se-

ries of inequality, equality, and bound constraints that limit

the design space by automatic manipulation of a series of

design variables (X). The problem definition can be

expressed as the following:

Minimize the objective function

FðXÞ (2)

subject to

• Inequality constraints or specifications

gjðXÞ � 0; j ¼ 1;m: (3)

• Equality constraints or specifications

hkðXÞ ¼ 0; k ¼ 1; n: (4)

• Side constraints or design variable limits

Xi;min , Xi , Xi;max; i ¼ 1; p (5)

by manipulating the design variables X¼ {X1, X2, : : : , Xp}.
Once the objective function is defined, a numerical opti-

mization can be performed using a variety of available tech-

niques such as traditional gradient techniques of zero, first,

and second order or soft computing methods [14]. In this

work, a second order method (sequential quadratic pro-

gramming (SQP)) of the design optimization tools (DOT)

has been used due to its strong track record [14]. The nu-

merical optimization iterates over a simulation tool as it

moves towards the optimal condition.

The optimization algorithms developed in this work integrate

finite element SBM simulations that model the preform material

deformation during the consecutive process stages. The Blow-

View software technology from National Research Council of

Canada has been used to model the SBM process [15, 16, 17].

The simulation phases include reheat, conditioning,

stretching, and inflation preform deformation and cooling.

The process modeling is based on a large displacement non-

linear finite element formulation [18]. The finite element

mesh of the initial preform is created based on the preform

parameterization information. The preform deformation is

modeled using a multilayer membrane element type and a

nonisothermal hyper-viscoelastic material model. The

hyper-viscoelastic deformations are modeled using a modi-

fied Christensen–Yang-like model proposed by Pham et al.

[15] that gives the true stress r of the PET material as a

function of the strain history according to

FIG. 6. Dimensions of spice jar container of Husky company.

FIG. 5. Preform shape optimization design variables (X1 to X6).

ð3Þ

ð4Þ

ð5Þ
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� �
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where c�1, c, p, Ė, F(t), and Mi are the Finger, left Cauchy–

Green deformation tensors, the arbitrary hydrostatic pres-

sure, the gradient tensor, the strain rate tensor, and the

model parameters, respectively.

Preform Shape Optimization

Each objective function evaluation requires the auto-

matic creation of a finite element mesh of the preform and a

subsequent performing of a nonlinear finite element analy-

sis of the SBM process.

The following objective function is evaluated at the end

of the forming stage

sðXÞ2 ¼
X

Ne

i¼1

ðTi � TtðyÞÞ
Xi

X
(7)

which represents the container thickness variance around

thickness targets (Tt) defined by the designer along the con-

tainer in y direction. Ne and Ti correspond, respectively, to the

number of finite elements in the preform mesh and the nodal fi-

nite element thickness. The variance is weighted by the ratio of

the local element surface (Oi) to the total container surface (O),

which will not be affected by the mesh topology.

The process constraints can be expressed as the following:

• Injection molding demouldability constraints:

FIG. 7. Initial preform temperature profile measured from infrared camera before entering the blow station.
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* core-rod demouldability

IDBB , IDTB (8)

IDBB , IDF (9)

IDTB , IDF (10)

* preform demouldability

ODBB , ODTB

ODTB , Z (12)

* nesting (not always required - optional)

IDTB , ODBB:

� SBM constraints:

* stretching rod clearance

Drod þ RCl , IDBB

FIG. 9. Typical preform thickness evolution during stretching and blowing into the mould.

FIG. 8. Temperature profile along the preform and processing conditions at the blowing station.

ð8Þ

ð11Þ

ð13Þ

ð14Þ
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Drod þ RCl , IDTB (15)

where RCl represents the rod clearance (�1–2 mm). Since

constraints 9 and 15 are redundant, they will not be taken

into account.

To maintain a balance of efficiency of calculation versus

validation of results, only six (Eq. 6) preform design varia-

bles will be manipulated to define the preform geometry as

shown on Fig. 5. In an ideal case scenario, all radii in the

preform taper sections can be added into the list of design

variables.

From established design rules, the ratio of the preform

transition length (lT) to the active preform length (lp ¼ ltp �
lf) is proportional to the ratio of the bottle transition length

(Lb_trans) to the bottle length (Lb). Based on the definition of

these preform design variables, the constrained optimiza-

tion problem can be reformulated as

Minimize the design objective function

sðXÞ2 ¼
X

Ne

i¼1

ðTi � TtðyÞÞ
Xi

X
(16)

by manipulating the preform design variables

X0
1;min , X0

1 , X0
1;max

X2;min , X2 , X2;max

Drod þ RCl , X3 , IDF

X4;min , X4 , X4;max

Drod þ RCl , X5 , IDF

X6;min , X6 , X6;max ð17Þ

subject to process constraints

X5 , X3

ð2X4 þ X5Þ , ð2X2 þ X3Þ

ð2X2 þ X3Þ , Z

X3 , ð2X4 þ X5Þ ðoptionalÞ: ð18Þ

Instead of manipulating the total preform length (X1), it

is more convenient to manipulate the axial stretch ratio (X0
1

FIG. 10. Experimental material behavior of PET CB12.

TABLE 1. Definition of initial preform design variables and design

variable limits (lower and upper bounds) for the preform shape

optimization.

Design variable name

Lower

bound

Initial

value

Upper

bound

Axial stretch

ratio, X0
1 2.5 2.6 2.7

Top body thickness,

X2 (mm) 1.0 2.0 5.0

Inside top body

diameter, X3 (mm) 16.0 22.0 25.0

Bottom body

thickness, X4 (mm) 1.0 2.0 5.0

Inside bottom body

diameter, X5 (mm) 16.0 21.9 25.0

End-cap thickness

ratio, X6 0.667 0.667 0.85 FIG. 11. Objective function and preform weight evolution in function of

optimization iterations for the preform shape optimization.

TABLE 2. Comparison between initial and optimal preform geometries.

Design variable name

Initial

design

Optimal

design

Axial stretch ratio, X0
1 2.6 2.50

Top body thickness, X2 (mm) 2.0 2.48

Inside top body diameter, X3 (mm) 22.0 25.0

Bottom body thickness, X4 (mm) 2.0 2.48

Inside bottom body diameter, X5 (mm) 21.9 25.0

End-cap thickness ratio, X6 0.667 0.667

Square root of objective function, s (mm) 0.159 0.034
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¼ lax) that is related to the total preform length using the

following relationship

X1 ¼ lp þ lf ¼ Lb=lax þ lf ¼ Lb=X
0
1 þ lf : (19)

The choice of proper design variable limits allows for satis-

fying of some of the process constraints (Eqs. 8, 9, 13, 14).

Operating Condition Optimization

For the operating condition optimization, the preform

geometry is held constant and the selected strategy is to

manipulate the processing parameters to target a required

container thickness profile. In this work, the following oper-

ating parameters are simultaneously manipulated:

� Pre-blow pressure (P1)

� Blow pressure (P2)

� Stretching rod speed (VR)

� Temperature profile along the preform (TP,i).

As there are many different types of reheat stations and con-

figurations in the industry, all with varying efficiency levels, it

was preferred to manipulate the preform temperature profile

before entering the blow station instead of manipulating

reheat-processing conditions. In this context, the designer

would have to include heuristic know-how on tuning specific

ovens to obtain the predicted preform temperature distribution.

For this specific optimization problem, the only con-

straints are side constraints for each of the design variables.

The constrained optimization problem can therefore be

reformulated as

Minimize the design objective function

sðXÞ2 ¼
X

Ne

i¼1

ðTi � TtðyÞÞ
Xi

X
(20)

FIG. 12. Preform-container thickness profiles evolution during the preform shape optimization.

FIG. 13. Evolution of container thickness distribution in function of opti-

mization iteration for the preform shape optimization.
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by manipulating the processing design variables

P1;min , P1 , P1;max

P2;min , P2 , P2;max

VR;min , VR , VR;max

Tp;i;min , Tp;i , Tp;i;max: ð21Þ

MATERIALS AND EXPERIMENTAL

Experimental validation data for the optimization of a

PET preform is obtained through the production of a spice

jar container manufactured by Husky Injection Molding

Systems (Fig. 6). The initial geometries are also supplied by

Husky Injection Molding Systems (HIMS).

The 22 g wide-mouth spice jar was manufactured on a

single-stage process using Husky IndexSB stretch blow

molding machine. The preform temperature profile was

measured with an infrared camera just prior to entering the

blowing station (Fig. 7). The operating conditions for the

blowing stage are illustrated in Fig. 8. The container is a

wide-mouth type and the stretching rod is a 16 mm diameter

mushroom type. Therefore the preblow pressure is applied

shortly after the end of preform stretching quickly followed

by the final blow pressure, since there is no risk for the rod

to contact the preform wall in that situation. The high pres-

sure is maintained for �2 s while cooling the container

down. Figure 9 shows a typical preform thickness evolution

during stretching and blowing into the mould.

The PET material used was Voridian CB12. The grade

has been characterized on a biaxial stretcher (Bruckner)

using equi-biaxial stretching experiments [15]. Samples of

dimensions of 85 � 85 � 1.5 mm3 were heated up to the

desired characterization temperature and simultaneously

stretched in both directions (MD and TD). The correspond-

ing results at different temperatures, including strain hard-

ening in the stress–strain curve, are shown in Fig. 10.

CASE STUDIES

Preform Shape Optimization

The first optimization involves manipulation of the pre-

form geometry to target a nonuniform container thickness

FIG. 14. Preform shape and thickness comparison for optimal and Husky designs.

FIG. 15. Preform temperature design variables along the Husky preform

geometry.

TABLE 3. Definition of initial temperature design variables and design

variable limits (lower and upper bounds) for the process optimization.

Design variable name

Lower

bound

Initial

value

Upper

bound

Preform temperature at position 1, X1 (8C) 40.0 65.0 120.0

Preform temperature at position 2, X2 (8C) 70.0 95.0 120.0

Preform temperature at position 3, X3 (8C) 80.0 95.0 120.0

Preform temperature at position 4, X4 (8C) 80.0 105.0 120.0

Preform temperature at position 5, X5 (8C) 80.0 105.0 120.0

Preform temperature at position 6, X6 (8C) 60.0 75.0 120.0
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distribution. The container thickness profile targeted is the

experimental thickness distribution obtained by HIMS. This

will allow for subsequent comparison of the optimal pre-

form geometry obtained in this work to the Husky preform

design. Table 1 lists the initial preform design variables and

the preform design variable limits (lower bounds and upper

bounds) for the case studied. The initial preform body thick-

ness (X2) has been decreased significantly in an effort to test

the optimization algorithm.

The results are shown in Table 2 and Figs. 11–13. The

proposed optimization algorithm is able to decrease rapidly

the objective function (Fig. 11) from s
2 ¼ 0.026 mm2 (s ¼

0.159 mm) down to s
2 ¼ 0.00117 mm2 (s ¼ 0.034 mm) af-

ter 5 optimization iterations. No significant improvement is

evident after the fifth iteration. At the same time, the pre-

form weight increases from 14.8 to 18.3 g since the preform

body thickness has to be increased to properly satisfy the

required nonuniform container thickness. During the opti-

mization cycle, a total of 71 process simulations have been

run in order to evaluate gradients of the objective function

with respect to each preform design variable. These gra-

dients are fed to a commercial software library (Vander-

plaats Research & development) in order to evaluate the

search direction, via a SQP method.

Figures 12 and 13 show that the initial preform design

was under-designed. This is due to the fact that the con-

tainer thickness profile is much lower than the container

thickness targets. As the optimization progresses, the con-

tainer thickness profile increases and gets closer to the

thickness targets. The optimal preform geometry obtained

satisfies all the process constraints (Eq. 17).

Figure 14 compares the preform thickness and shape for

the predicted optimal and experimental Husky designs. In

the same figure, both preform geometries are superimposed.

As shown, the optimal preform geometry is very close to

the Husky design. However, the optimal preform thickness

is less in overall magnitude than the Husky design, predom-

inantly in the body section. The difference is related to the

fact that the radii in the preform taper section and more sig-

nificantly the preform end-cap parameterization were not

taken into account.

In this work, the end-cap has been parameterized using a

hemi-spherical shape instead of a flat end-cap shape as used

by Husky. The higher optimal preform length will lead to a

smaller axial blow ratio. Since the same level of total blow-

up ratio has to be reached for both designs, then the preform

TABLE 4. Comparison between initial and optimal preform temperature

profiles.

Design variable name

Initial

design

Optimal

design

Preform temperature at position 1, X1 (8C) 65.0 64.0

Preform temperature at position 2, X2 (8C) 95.0 94.2

Preform temperature at position 3, X3 (8C) 95.0 102.0

Preform temperature at position 4, X4 (8C) 105.0 100.0

Preform temperature at position 5, X5 (8C) 105.0 120.0

Preform temperature at position 6, X6 (8C) 75.0 72.6

Square root of objective function, s (mm) 0.110 0.032

FIG. 16. Objective function evolution in function of optimization itera-

tion for the first process optimization.

FIG. 17. Evolution of container thickness distribution in function of opti-

mization iteration for the first process optimization.

FIG. 18. Comparison between experimental and optimal preform temper-

ature along the preform.
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thickness in the body section has to be lower for the optimal

design to get an equivalent thickness distribution along the

container. This explains why the optimized preform weight

(18.3 g) is lower than the one manufacture by Husky (22 g).

Operating Condition Optimization

For the first optimization, the objective is to predict the

optimal preform temperature distribution (Fig. 15) prior to

entering the blowing station, while keeping all other process-

ing parameters constant. This will allow for comparing the

optimal preform temperature against the experimental infra-

red preform temperature. The initial design variables and the

design variable limits are listed in Table 3. The lower bounds

have been chosen to depict strain-hardening effects and the

upper bounds to depict minimal blowouts. The results are

illustrated in Table 4 and Figs. 16–18. The objective function

decreases very rapidly after the first optimization iteration

and flattens out for the next two consecutive iterations. As

can be seen in Fig. 17, the initial container thickness profile is

close to thickness targets, with the exception of two targets

near the bottle shoulder. To improve the design in that area,

the optimization algorithm has modified significantly the fifth

preform temperature (X5) located in the middle of the taper

section. This preform temperature moves from 1058C up to

the upper bound 1208C, allowing a higher preform stretching

to target a lower container thickness.

In Fig. 18, the optimal preform temperature has the same

trend and is close to the experimental preform temperature

measurements with the exception of the first (T1) and the

last preform temperature (T6). These two measurement

points probably have a high level of uncertainty, since they

are located at the extremity of the infrared picture, as seen

in Fig. 8. Edge effects due to cooling are predominant at

extremities.

The next optimization investigated was the simultaneous

manipulation of several processing parameters such as the

preform temperature profile, the pressure profile, and the

stretching rod speed. This allows for evaluation of which

design variable has the higher sensitivity effect of the final

design. A preliminary study has revealed that the perturba-

tion of the final blow pressure was not very sensitive in

affecting the container thickness profile, since the container

inflation is almost completed after the preblow stage. The

initial design variables and the design variable limits are

shown in Table 5. The results are illustrated in Table 6 and

Figs. 19–22. Since more design variables are involved in

this constrained optimization, the convergence is obtained

after 14 optimization iterations (Fig. 19), which requires

TABLE 5. Definition of initial temperature design variables and design

variable limits (lower and upper bounds) for the process optimization.

Design variable name

Lower

bound

Initial

value

Upper

bound

Preform temperature at position 1, X1 (8C) 40.0 65.0 120.0

Preform temperature at position 2, X2 (8C) 70.0 95.0 120.0

Preform temperature at position 3, X3 (8C) 80.0 95.0 120.0

Preform temperature at position 4, X4 (8C) 80.0 105.0 120.0

Preform temperature at position 5, X5 (8C) 80.0 105.0 120.0

Preform temperature at position 6, X6 (8C) 60.0 75.0 120.0

Stretching rod speed, X7 (m/s) 0.25 0.43 0.55

Pre-blow pressure, X8 (MPa) 0.2 0.345 0.50

TABLE 6. Comparison between initial and optimal processing

parameters.

Design variable name

Initial

design

Optimal

design

Preform temperature at position 1, X1 (8C) 65.0 60.4

Preform temperature at position 2, X2 (8C) 95.0 90.3

Preform temperature at position 3, X3 (8C) 95.0 100.0

Preform temperature at position 4, X4 (8C) 105.0 100.0

Preform temperature at position 5, X5 (8C) 105.0 120.0

Preform temperature at position 6, X6) (8C) 75.0 70.2

Stretching rod speed, X7 (m/s) 0.43 0.69

Pre-blow pressure, X8 (MPa) 0.345 0.25

Square root of objective function, s (mm) 0.104 0.028

FIG. 19. Objective function evolution in function of optimization itera-

tion for the second process optimization.

FIG. 20. Design variables history for the second process optimization.
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288 process simulations (total CPU time of 1872 min or

31.2 h, i.e. 6.5 min CPU time per simulation on a 2.5 GHz

PC computer running on Linux environment).

Comparison to the previous optimization where only pre-

form temperature was manipulating shows that the better

design has been obtained since the standard deviation (s,

square root of the objective function) went down to 0.028 mm

compared to 0.032 mm for the previous one. In Fig. 21,

good agreement has been obtained between the optimal

container thickness profile at Iteration 14 and the experi-

mental thickness targets. The optimization improves the

thickness profile close to the container shoulder. In Fig. 20,

design variables that have been modified significantly are

the preform temperature point T5 and the stretching rod

speed. Concerning the comparison between the optimal and

experimental preform temperature profile, no significant

improvement has been observed. Consequently, the stretch-

ing rod speed can be identified as a parameter to manipulate

to get a better design.

CONCLUSION

In this work, a new design environment has been devel-

oped to automatically design a new preform geometry for

given processing conditions or optimize the operating con-

ditions for a given preform geometry of a SBM process.

The preform geometry has been parameterized based on

design mathematical rules used by Amcor Company. A new

optimization methodology, based on DOT technology, has

been developed to manipulate the preform geometry (shape

and thickness) and the operating conditions to target a

require container thickness distribution along the container.

Both algorithms have been tested on industrial case of

Husky IMS to

� Optimize the preform geometry (shape and thickness) for

given processing parameters to target the experimental

container thickness profile along the container.

� Optimize the processing parameters for given preform ge-

ometry to target the experimental container thickness pro-

file along the container.

All optimizations performed have converged and

allowed to improve the design significantly. The optimiza-

tion algorithm developed is a powerful tool to minimize the

preform design development time and minimize the tooling

reworks.
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