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Summary:

In most cases, the optimisation of the injection cycle for injected plastic materials involves the
determination as correctly as possible of the cooling time in the mould. The work theoretically investigates
the relation of the cooling time in the case of plane-shaped injected article; the theoretical relations for
determining the cooling time of some article made of polystyrene generally used (PS) with different
geometrical shapes are obtained as well as a nomograme for determining the cooling time for a plane
injected article.

1. INTRODUCTION

The productivity of injection machine depends on the time of injection cycle. Generally

simplifying the injection cycle, the total injection time is:

=ty +t+1tn

(1)
where: t, — fulling time of the mould

t-— cooling time

tm— dead time (pause and times of closing and opening the mould).

By introducing some simplyfing hypothesis ,it here are determined some theoretical
relations in order to determine the cooling time. Based on this, it is offered the posibility of
practical determination of the cooling time in case of injection pieces.

2. THE DETERMINATION OF COOLING TIME EQUATION.
Analysing the relation (1), it is observed that the time of injection (t;) depends direction

on the cooling time. (t). Theoretically determining t; it is takieng into account the plastical
material, which flows in the mould cavity (fig. 1).

Fig.1. The thermical transfer in case of the injection pieces in mould:
1,2-forming plates; a- injected pieces; q-thermical high tide unitary on x direction.
They are introduced the following symplifing hypothesis:
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- Plastical material is considered like a plane plate having the constant cooled on
the both faces.

- They are negletied the marginal effects;

- ltis negletied the anizotropia properties due to the macromolecules orientation;

- Itis negletied the coefficient dependence of the thermical diffusing of temperature;

- The warming transfer is exclusively considered conductive.
Genarally equation of the coordonating conducte is [7,10]:

ST 1 (8T &°T (ﬁrj+qv

ot cp,o(éx2 i o2 R s @)
where:
A — coefficient of thermical conductivity, W/mK;
Ccp — specific warming to the specific presure , J/kg - K
p — density Kg/m®
qv — the warming quantity of the volume unity, W/m?®
T — temperature, K
t—time, s.
It is noted:

A a{mz}, which is called thermical difuzivity.

p

Cpp S
Analisying the thermical conductive transfer ,in case of material plastic plate, between
the cooling walls of the moulds (fig.1), general shape of the equation (2) symplifies ,
considering that:
- The transitory transfer (interval time d; the izoterm position is modified temporaly
and in space:
There is no inside sources of heating, q, = 0;
- The heating trasfer is done perpendicular on the plate surfaces ( unidirectional
transfer in x axes). So:
qy=0,9-=0
where: g, — thermical high tide unit on y direction;
gz — thermical high tide unit on z direction;
Due to the fact that the thermical fluxes on direction y and z are null, it results:

5T 8T _,
x* oyt
T
=0
t
t:tf
-X _% ] +%T +x

Tp! Tr' To
Fig.2.Cooling material plastic in the moulds:
G-weight injected pieces; T,-temperature of plastical material t= 0; T,- the temprature of the mould

walls ; T,- cooling temperature.
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It is considered material plate with median plan according to the x = 0 coordonate
(fig.2). Noting the weight of the plate with G, Median plan coresponds x = 0 coordonate,

and the laterally surfaces of the abscises: x = i%

It is considered that the material homogeneity plastic plate with initial temperatureTy, it
is sudden introduced , in the moment t = 0, in a cooling medium colling of temperature T,
(the temperature of moulding walls).

For T=Tp si x =i% becomes:

x=8.7 -a+B.8 1 ce* cod mC (3)
2 7 2 2

X=_G.Tp:A—B.§+Cean12tco{m§J "

2
Because the exterior faces temperature Ty at x = i% is constant in time, resulted that

the equations (3) and (4) does not to depend on time and, it has to fulfill the condition:

co{i mgj =0 (5)
With realtion (7), the equations (3) and (4) become:
G
Tp=A+B-E A=T, (6)
G
szA—B-E B=0 (7)
Putting the condition (5) it is obtained:
G (2n-1rz
m— =
2 2

By introducing in equation (3) the alues for A, B si m, rezulted the temperature at x
distance from the center of the pieces:
2 2
(2n—1)2 ©*at cos(zn_1)m( C] (8)
G G
The equations solution (8) are obtained for 1 < n < «. La t = 0,the equation (11)
becomes:

T=T,+C,

2n —1)x

T=T,+ Ccos( (9)

Developing the temperature expression (8) it is obtained:

& 4 en-1)7’at  (2n-1)m
T=T +;(2n_l)ﬂ(T0 T, o cos

Cooling time ( t =t; ) its found in the equation (11), putting the condition that the plate
temperature of plastical material at x = 0 to be T=t, (maximum temperature from the
injected pieces):

P m[”O‘Tn).“j (10)
(Tr _Tp) ﬂ-

- a

For various types of injection shapes in the field 4 < (To—T,) <100, the values of cooling
(T, -T,)

r p

time t; could be followed in in the table 1[9].
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Fig.3. Nomograma for determining- the cooling time in case of injected piece plate.
3. PRACTICAL DETERMINATION OF THE COOLING TIME

Cooling time for injected piece having plate shape is determined by using nonograma
shown in fig.3.

The diffusivity values of the thermical coefficient for variouse thermoplastical materials
are found in the tabel 1[6].
Tabel 3. Represents data about the injection tehnology for several termoplastic material.

4. CASE STUDY

In following steps it is determined the cooling time of an injection pieces from
polystiren, having plate shape with weight of 2 mm (fig.4)

Cooling:
Deflection
Total

[rmim]
2825

2511
2197

1.883

1.57

H 1256

0.9417

06278

03139

Fig.4.
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In table 1, it can analyse, the thermical diffusivity coefficient for polyistiren which is 8,3 -

10* cm?/s.

The processing of polystiren injection offers the following data:
- Injection temperature To = 230°C (table 3);

- The moulding walls temperature T, =30°C

(table 3);

- The temperature from the moulding (maximum temperature in the midlle of the

pieces)
tr = 70°C.
The report will be calculated:
T,-T, 230-30
-7, 70-30
from nomograma is obtained:
tr = 6,5 S
Table 1. The diffusivity termic coefficint for variase materials [6]
. The coefficientul
Thermoplastic .
material OT thgrmlcal 2
difusivity, cm?/s
HDPE 7,7-10"
LDPE 7.4-10*
PP 7,610
PS 8,310
PVC 4,8-10*
Table 2. Cooling time for variouse geometrical injected shapes:
Relative  error | Relative
. . o [%] pt (To-Twm)/ | error=0 (Ty-
Shape Dimensions | Cooling time t, t/t, plate (To-Ty) T/ (Te-
4 100 Tw)
52 4 To - Tp
. 1 o - - -
Plate weight g . n[” T —TJ 1
d2 To -T 2
. diametre d 1n{1,599 . } d’
Cylinder height oo 2314-a T,-T, ) | 0465 . +3,7 | -4,6 10
dz TO _Tp d2 ’
Cone Diametre d —In| 2 0,250-| — +7,6 -8,4 9
4r° -a T, —Tp g

Tabelul 3.Injection temperature and moulding temperature for different thermoplastic material

Thermopla | Injection Moulding
stical temperatur | temperat
material | e °C ure °C
LDPE 170 - 260 0-70
PS 200 - 250 30-6
PAG.6 260 - 300 40-120
PC 280 - 310 85-120
PP 180 - 280 0-80
ABS 180 - 220 40 - 80
PVC 160 - 190 20-80
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4. CONCLUSION

The theoretical determination of the relations expressing cooling time in the mould of
an injected piece from thermoplastic material, permits the construction of the
monogrames. The use of monogrames offers the possibility of determining the optimal
cooling time, contributing to a real appreciation of the injection cycle made by injection
machines.
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