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Analysis of flash pocket profile shape in an extrusion blow mould

Abstract: The cycle time is a very important issue in manufacturing processes, especially in

packaging industry. It depends on the product shape and size, particularly on the wall thickness,

but also on tool design and process settings. One of the most important factors influencing the

cycle time is cooling system efficiency in the tool. In case of extrusion blowmoulding not only the

product should be cooled rapidly but also the flash material in the pinch-off zone.

The results of an PE-HD bottle extrusion blow moulding simulation were presented in this pa-

per. The simulation was done with the use of ANSYS Polyflow software. The cooling efficiency in

the pinch-off zone was evaluated for different profiles of the flash pocket by comparison of the tem-

perature distribution after cooling time. It was found that the triangled and semicircular profile

is more efficient than trapezoidal and flat shape.

ANALIZA PROFILU PRZEKROJU KIESZENI ODPADOWEJ W FORMIE ROZDMU-

CHOWEJ

Streszczenie: Czas cyklu jest niezwykle istotnym czynnikiem w procesach wytwarzania, szcze-

gólnie w przemyœle opakowañ. Zale¿y on od kszta³tu i wymiarów wyrobu, szczególnie od gruboœ-

ci œcianek, ale tak¿e od konstrukcji narzêdzia i warunków procesu technologicznego. Jednym

z najwa¿niejszych czynników wp³ywaj¹cych na czas cyklu jest efektywnoœæ ch³odzenia wyrobu

w narzêdziu. W procesie wyt³aczania z rozdmuchiwaniem nie tylko nale¿y szybko ch³odziæ

wyrób, ale tak¿e odpad w strefie zgniatania.

W niniejszym artykule zosta³y zaprezentowane wyniki symulacji procesu wyt³aczania z roz-

dmuchiwaniem butelki z tworzywa PE-HD. Symulacjê wykonano z wykorzystaniem oprogra-

mowania ANSYS Polyflow. Oszacowano efektywnoœæ ch³odzenia w strefie zgniatania dla ró¿-

nych kszta³tów profilu formy w kieszeni odpadowej poprzez porównanie rozk³adu temperatury

po czasie ch³odzenia. Ustalono, ¿e profile o kszta³cie trójk¹tnym oraz pó³kolistym s¹ bardziej efek-

tywne ni¿ profile p³aski oraz trapezoidalny.

1. INTRODUCTION

The extrusion blow moulding process is

used to manufacture hollow parts like bottles

and other types of containers. In most cases po-

lyolefins are processed by this technology. This

process is divided in two stages. First, a pari-

son is extruded and then, in the second stage, it

is blown in a mould. The pinching edges in

a mould cut off the excessive material which

stays in pinch-off sections while the mould is

closed. A pinch-off section consists of a pin-

ching edge, a pressure zone and a flash pocket

(pinch relief) where the plastic should be inten-

sively cooled. Blow moulds consist of at least

several parts. A scheme of an exemplary blow

mould is presented in Fig. 1.

Three main zones can be distinguished in

a pinch-off section (Fig. 2.): pinching edge just

behind the cavity, then pressure zone to comp-

ress the material and, finally, flash pocket

where most of the flash is held. The design of

a pinch-off section should assure the efficient

cooling down of the flash – the contact surface
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between parison and mould should be as large

– it can be achieved by manufacturing of a riff-

led surface. Moreover, the distance between

two mould halves in this section is also impor-

tant. If this distance is too small the flash is

compressed with a high pressure and this can

result in mould opening because of high force

generation. Moreover, the entire pinch-off zone

should be large enough to hold all the flash af-

ter mould closing. The pinch-off area size and

dimensions should be optimized for the parti-

cular product, depending on its size and shape,

parison dimensions (wall thickness and diame-

ter) machine parameters etc. [1,3]

The recommended geometry of a pinch-off

section in a blow mould is shown in details in

Fig. 3. In this the ribs are designed to increase

the cooling area of the flash relief and the angle

of a rib is 90°.

A shape of the cavity is determined by an

extrusion blow moulded product’s shape. The

desired product properties can be obtained by

the control of processing parameters [5] but the

mould design is also an important factor influ-

encing the part quality. For example, the for-

mation of the polymer parison bond inside a

mould depends on the pinching edge design

[6]. This bond is an area of a high risk of a fai-

lure during the part exploitation. The flash

pocket and cooling system design have in turn

the influence on the process, especially on the

cycle time because the flash cooling efficiency

can be different.

PRZETWÓRSTWO TWORZYW 6 (listopad – grudzieñ) 2015

Analysis of flash pocket profile shape in an extrusion blow mould 461

Fig. 1. Scheme of an extrusion blow mould [1, 2]

Rys. 1. Schemat formy do rozdmuchiwania, 1 – elementy ustalaj¹ce, 2 – wstawka no¿owa (odcinaj¹ca), 3 – element for-

muj¹cy szyjkê, 4 – strefa zgniatania, 5 – krawêdŸ tn¹ca, 6 – p³yta tylna (mocuj¹ca), 7 – element formuj¹cy korpus opa-

kowania, 8 – gniazdo formuj¹ce, 9 – kana³ odpowietrzaj¹cy, 10 – elementy prowadz¹ce (s³upy i tuleje prowadz¹ce, 11 –

element formuj¹cy dno opakowania, 12 – kolektor uk³adu ch³odz¹cego [1, 2]

Fig. 2. Geometry of pinch-off section in an extrusion blow

mould [1]

Rys. 2. Kszta³t strefy zgniatania w formie rozdmuchowej

[1]



2. EXPERIMENTAL

The aim of this investigation was to com-

pare the effectiveness of heat transfer in the

flash pocket of an extrusion blow mould for

different profile shapes in the cross-section of

this mould zone, by a mean of computer simu-

lation. ANSYS Polyflow 14.5 software was

used for this purpose. Usually, in case of extru-

sion blow moulding process simulation, this

software is used to predict the distribution of

product thickness [7] and, for example, to opti-

mize the parison dimensions [8, 9].

2.1. The tool and the product

The extrusion blow moulding process with

a mould for manufacturing an axi-symmetrical

bottle was analyzed in this investigation. This

single-cavity mould is shown in Fig. 4. The bot-

tle dimensions are: 225mm of height and

62mm of diameter. There are more recommen-

dations in the literature concerning the

pinch-off zone design in the plane perpendicu-

lar to the mould parting plane [1-3] than in the

cross-section in the plane marked as A-A in

Fig. 4 a. Since the mould surface being in con-

tact with molten polymer should be large,

a flash pocket is usually riffled in order to in-

crease the contact area and to cool the polymer

better. In this article the results of temperature

distribution in A-A cross-section obtained in

computer simulation are presented.

Four different shapes in the cross-section of

the pinch-off area, in the flash pocket zone

were proposed to analyze. They are shown in

Fig. 5 and marked with letters A, B, C and D.

Shape A is a flat surface and is easy to machine
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Fig. 3. Section through a pinch-off area; b1 – width of pin-

ching edge, b2 – width of pressure zone, t1 – depth of pres-

sure zone, t2 – depth of flash pocket, t3 – distance of ribs, x

– ribbed area of flash pocket, I – cavity, a1, a2 – transition

angles, s1 – average wall thickness of the product near

pinch-off area, s2 – average parison wall thickness in

pinch-off area [1, 4]

Rys. 3. Przekrój strefy zgniatania; b1 – szerokoœæ krawê-

dzi tn¹cej, b2 – szerokoœæ strefy œciskania, t1 – g³êbokoœæ

strefy œciskania, t2 – g³êbokoœæ kieszeni odpadowej, t3 –

odleg³oœæ miêdzy ¿ebrami, x – u¿ebrowana strefa kieszeni

odpadowej, I – gniazdo formuj¹ce, a1, a2 – k¹ty przejœcia

pomiêdzy strefami, s1 – œrednia gruboœæ œcianki wyrobu

w pobli¿u strefy zgniatania, s2 – œrednia gruboœæ œcianki

rêkawa w strefie zgniatania [1, 4]

Fig. 4. Half of the analyzed extrusion blow mould, a) the

view of the mould, b) the cross-section considered in the

computer simulation

Rys. 4. Czêœæ analizowanej formy rozdmuchowej, a) wi-

dok formy, b) przekrój rozwa¿any w symulacji kompute-

rowej



when the mould is manufactured but it has the

smallest contact area with the polymer when a

mould is closed. The triangular shape (B) is de-

fined in details in the literature [1]. The semicir-

cular (D) shape is also used in the industry and

the trapezoidal shape C is supposed to be

a compromise between the complexity of ma-

nufacturing and the contact area between poly-

mer and a mould.

The b quotient was used to expressed the

complexity of flash pocket surface. It is defined

as the heat exchange surface area in the flash

pocket related to the area of the projection of

this surface onto the mould parting plane. Its

value depends on the area of the contact sur-

face between polymer and a mould. The b va-

lues for the different flash pocket shapes taken

into account in the simulation are listed in Tab-

le 1.

Table 1. Values of b quotient

Shape of the pinch-off zone b value

A – flat 1.00

B – triangled 1.41

C – trapezoidal 1.12

D – semicircular 1.20

The symmetry axis of the mould in the

cross-section is coincident with the parison

axis. Moreover, in the cases of the ribbed sha-

pes the grooves are located between the teeth

of the opposite mould half, as it is shown in

Fig. 6 where the cross-section of the closed

mould is presented. The flash pocket profile

shapes were designed in the way that the mesh

nodes in the polymer area would not move du-

ring mould closing in the direction perpendi-

cular to the mould movement. The second as-

sumption was that the flash pocket is fully fil-

led with the polymer.

2.2. Material processed and boundary

conditions

The temperature distribution across the po-

lymer in the flash pocket and the mould mate-

rial was simulated. The temperature depends

on the heat transfer between polymeric parison

and the cooled metal mould. Two-dimensional

(2D) model was used and the simulation was

done in a cross-section of the flash pocket. The

extruded parison before blowing was modeled

first as a tube of 50mm of outer diameter and

2mmofwall thickness (Fig. 7a). However, since

it was not possible to define the contact surface

between the internal surfaces of the parison,
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Fig. 5. The analyzed shapes in the cross-section of the

mould flash pocket

Rys. 5. Analizowane kszta³ty przekroju kieszeni odpado-

wej w formie

Fig. 6. Cross-section through the pinch-off zone in the

flash pocket area after mould closing

Rys. 6. Przekrój przez strefê zgniatania w obszarze kie-

szeni odpadowej po zamkniêciu formy



the shape was modified to the form similar to

the folded tube – rectangle-like area (Fig. 7b).

This kind of shape is obtained just before

a mould is closed, when the parison is folded

and compressed between two mould halves.

The area of the shape from Fig. 7b is equal of

polymer surface area in the cross-section of the

tubular parison from Fig. 7a. The mould clo-

sing phase was not skipped in the simulation

but since it was very fast (0.2 s) so the assump-

tion of rectangle-like initial parison cross-sec-

tion shape was possible.

It was assumed that the parison was extru-

ded first through the extrusion die and then

blown in a closed mould and in this time the

cooling phase in the flash pocket started. The

material the parison is made of is high-density

polyethylene (PE-HD) Hostalen ACP 5831D,

produced by Lyondellbasell company. The

most important properties of the polymer used

in the simulation are as follows:

– Viscosity: 37 983 Pa·s

– Melt density: 753 kg/m3

– Thermal conductivity: 0.3 W/(m·K)

– Heat capacity: 1800 J/(kg·K)

The material of the mould was aluminium

of the following properties:

– Density: 2800 kg/m3

– Thermal conductivity: 58 W/(m·K)

– Heat capacity: 450 J/(kg·K)

The initial conditions for the simulation

were as follows: the temperature of the parison

after extrusion: 200°C and the initial tempera-

ture of the mould was assumed as 12 °C. The

boundary conditions of the considered system

are defined in Fig. 8. The edge no.1, correspon-

ding with the parison outer surface, was deter-

mined as freesurface with the contact condition.

The coefficient of thermal conductivity be-

tween the polymer and the mould is

170W/m·K. It was also assumed that the tempe-

rature of the coolant is 12 °C and the tempera-

ture of the cooling channels walls is constant.

The heat transfer between the mould and the

air on the surfaces no. 4 exists all the time but in

case of surface no. 1 (parison) and no. 2

(pinch-off area) only before the mould is clo-

sed. This heat exchange is described by ther-

mal diffusivity coefficient of 20W/(m2·K) value.

The ambient temperature was assumed: 25 °C

for surfaces no. 1 and no. 2 and 30 °C for sur-

face no 4. The time of parison cooling (after the

mould is closed) is 10s.

3. RESULTS AND DISCUSSION

The results of computer simulation were:

temperature distribution in the pinch-off zone
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Fig. 7. The shape of the parison before blowing phase:

a) real, b) assumed in the simulation

Rys. 7. Kszta³t rêkawa przed rozdmuchem: a) rzeczywis-

ty, b) przyjêty do symulacji

Fig. 8. Boundary conditions assumed in the simulation:

1 – parison (compressed), 2 – flash pocket area surface,

3 – cooling channel, 4 – outer surface of the mould

Rys. 8. Warunki brzegowe za³o¿one w symulacji; 1 – rê-

kaw (zgnieciony), 2 – powierzchnia formy w obszarze

kieszeni odpadowej, 3 – kana³ ch³odzenia, 4 – zewnêtrzna

powierzchnia formy



– flash pocket area cross-section and the chan-

ge in the temperature of polymer and mould

material during cooling. These quantities ob-

tained for the different shapes of the mould

flash pocket were compared.

3.1. Temperature distribution

The temperature distribution of the mould

and the compressed parison is shown in Fig. 9

for different shapes: A, B, C and D. The poly-

mer temperature is more uniform in case of the

shapes B and D – for the more complex shapes

of the flash pocket profile. Moreover, the tem-

perature of the mould in the ribbed areas is

higher in these two cases.

3.2. Temperature drop

The change in the average temperature in

the compressed parison cross-section area (in

the polymer) as well as the change in the aver-

age temperature on the parison outer surface

during the cooling was simulated and the re-

sults are shown in Fig. 10. It was proved that

the differences in the heat transfer intensity de-

pend on the shape of the flash pocket area. The

most effective flash pocket profile shapes are:

triangular (B) and semicircular (D). The smal-

lest cooling effectiveness is observed for the flat

surface shape (A), what could be expected be-

cause this shape has the smallest value of b co-

efficient. The difference in the parison outer

surface temperature after 10s of cooling was

23°C when comparing the best option triangu-

lar shape B and the basic flat shape A. Similar,

but even higher temperature differences occu-

red in the case of average temperature in the

parison cross-section, but this temperature was

generally higher than temperature on the outer

surface.

4. SUMMARY AND CONCLUSIONS

Four different profiles in the flash pocket

zone of the pinch-off section in an extrusion

blow mould were examined by the computer
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Fig. 9. Temperature distribution in the cross-section of

the compressed parison and the mould after 10s of cooling

Rys. 9. Rozk³ad temperatury w przekroju zgniecionego

rêkawa i formy po 10 s och³adzania



simulation regarding the flash cooling effecti-

veness. It was found that the speed of the flash

cooling is influenced by the shape of a flash

pocket surface. The best effectiveness of the

heat transfer between the polymeric parison

and the mould was obtained for the triangular

and semicircular shapes of the ribs while the

trapezoidal and flat shapes were not so effi-

cient.

It is important to manufacture extrusion

blow moulds with ribbed, efficiently complex

surfaces of flash pocket area in order to shorten

the cycle time by faster cooling of the flash.

However, the ease of manufacturing and flash

demoulding should also be considered.
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Fig. 10. Change in the average temperature of: a) polymer

in the cross-section area of the compressed parison, b) ou-

ter surface of the compressed parison, for different flash

pocket shapes

Rys. 10. Zmiana œredniej temperatury: a) tworzywa

w przekroju zgniecionego rêkawa, b) zewnêtrznej po-

wierzchni zgniecionego rêkawa, przy ró¿nych kszta³tach

profilu kieszeni odpadowej


