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For about 60 years the IS machine is applied for the manufacture of hollow glass containers. Step-by-step improvements carried out in the
course of years and in addition the all-round possibility for application have made this machine the most wide-spread type for hollow glass
production. Improved mechanisms have considerably increased its production safety and efficiency. With the development of the NNPB
process and its further development to the HAP, more and more possibilities open up for present and future hollow glass manufacturing
machines.

Entwicklung von Hohlglasherstellungsmaschinen

Die IS-Maschine wird seit etwa 60 Jahren zur Fertigung von Hohlglasbehiltern eingesetzt. Die schrittweise Verbesserung, die diese
Maschine im Laufe der Jahre erfahren hat, verbunden mit ihrer vielseitigen Anwendungsmdoglichkeit, hat sie zum am meisten verbreiteten
Maschinentyp fiir die Hohlglasherstellung gemacht. Verbesserte Mechanismen haben ihre Produktionssicherheit und Leistung betréichtlich
gesteigert. Durch die Entwicklung des NNPB-Prozesses und seine Weiterentwicklung zum HAP zeichnen sich weitere Méglichkeiten fiir

Gegenwart und Zukunft der Hohlglasherstellungsmaschinen ab.

1. Introduction

Since the times of change-over from mouth-blown
glass to fully automatic production by a suitable type
of machine, the manufacture of container glass has
mainly concentrated on section machines in the
course of years. In these section machines (IS
machines), several production units are positioned on
one machine bed. Every unit follows a production
cycle the phases of which are synchronized to the
sections positioned next to it. However, within one
forming cycle all procedures depending upon the
process and data of each section are adjustable
independently of other sections.

The wide range of application regarding the
production programme to be manufactured as well as
excellent results obtained with this machine have
contributed to the fact that it is well-known and
spread world-wide. Approximately 3000 units of IS
machines are in operation throughout the world.

Decades passed between the development of the
prototype machine in 1921 — followed by multi-sec-
tion and multi-gob machines — and today’s state of
technique. Development work was clearly concen-
trated over the last two decades. During this time
period, triple- and quadruple gob machines, the
NNPB (Narrow Neck Press and Blow) process as well
as 8-, 10-, 12- and 16 section machines reached
production stage (figure 1).

Received 1 December 1987.

2. Requirements to a modern production
machine

Today’s market requires machines which contribute
to production increase while manufacturing high
quality products. Production increases require
heavy-duty machines such as e.g., IS 16 double
gob = 32 moulds in production or IS 10 triple
(quadruple) gob = 30 (40, respectively) moulds in
production. However, it is not the number of moulds
in production alone which will give an evident idea of
machine performance. As an additional factor the
machine speed has to be considered, nevertheless this
factor cannot be used for comparison due to different
machine types from single- to quadruple gob ma-
chines. Therefore, it appears significant to define a
production performance figure referring to one
section. For this reason, some hollow glass plants
introduced the term “cavity rate”, i.e., quantity of
containers produced by a blow mould per minute:

containers produced
blow mould X minute

cavity rate =

Thus a direct comparison on the IS machine is
possible — independent of machine type and process.
It can be seen easily that in single gob operation the
cavity rate is identical with the section speed.

The production performance figure referring to
one section as previously defined is influenced by two
factors being the maximum theoretical section speed
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Figure 1. Evolution of the IS machine.

and the maximum possible heat flow on the blow
mould side.

Considering the parameters
a) gob: forming, homogeneity, loading;
b) mechanical processes: maximum section speed,
simple alignment, low maintenance costs, reproduc-
ibility;
¢) heat flow: mould wall thickness, optimum mould
cooling possibility, simple moulds;
d) article range: 10 ml to 51;

e) weight reduction: with optimum prerequisites
maximum values can be achieved

the single gob process on an IS machine is the most
easily controllable process with a maximum cavity
rate for a container given. All efforts of multiple gob
operation aim at the creation of prerequisites that
come nearest to conditions prevailing during the
single gob process.

Some examples:

— The Center Distance (CD) at the orifice-ring was
extended from 3 via 4% to 5" (=76.2, 111.1 and
127 mm, respectively). Thus it was possible to obtain
still better thermal conditions for the gobs.

— The CD of moulds in double gob operation was
increased from 3% up to 6% (=92.1 and
155.6 mm, respectively), i.e., biggest possible mould
wall thickness. In this connection the production
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Figure 2. Productivity increase on IS machines. Example: 0.331.
beer bottle.

programme is of course considered correspond-
ingly.

— In the course of time a number of installations at
the feeder or in the machine, respectively, were
adapted to single gob conditions. Among them are
e.g., double plungers in the spout, single plungers
and plunger mechanisms as well as separate blow
mould pipings.

When first considering a new machine concept, the
cavity rate reachable is a decisive factor as is the
choice of CD with its important influence on article
range and production speed.

For Double Gob (DG) operation a CD of 5"
covering a production programme from 0.1 to 1.01
proved to be optimum value while a CD of 6 %'’ was
applied best for a programme between 0.7 and 2.5 1.
The first double gob machine with 3%’ was
developed in 1939. In the following decades different
center distances were used up to 6 Y,'’, in special
cases even bigger sizes. In 1969 the 6 ¥,'" machine was
introduced to the market. It was at the same time
basis for triple (TG)- and quadruple gob (QG)
machines developed later. However, these TG ma-
chines with a maximum CD of 4 ¥/, (= 109.8 mm) as
well as QG machines with a CD of 3 7"’ (= 98.4 mm)
are determined to a more limited production pro-
gramme due to smaller distance between the moulds.
Furthermore, their cavity rate is lower compared to
a 5"" CD DG machine (figure 2).

The production speed of a hollow glass container
is a function of container weight. Weight reduction
not only contributes to cost decrease by saving raw
materials and energy but also opens up possibilities
for additional increase of productivity by a possible
rise in production speed (figure 3).

From above-mentioned requirements there are
three essential aims that have to be summarized in a
suitable way:
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Figure 3. High performance production lines for glass containers.
Production quantity depending upon weight and machine (pro-
cess).

1. Development of heavy-duty machines for the
manufacture of hollow glass containers meeting the
requirements listed.

2. Development of a process offering the possibility
of producing significantly lighter containers.

3. Development of an adequate quality assurance
system.

From the production machine point of view there
are nowadays two ways: on the one side the
application of heavy-duty machines such ase.g., IS 16
DG or IS 10 QG. These machines, equipped with
latest technology, are in a position to produce large
quantities usually of non-returnable beer and soft
drink bottles at low cost. On the other side the
utilization of flexible IS machines with section
numbers of 6 to 10 in SG or DG operation. The range
of application includes small and medium lots as well
as special containers.

3. IS machine and additional equipment

Prerequisite for the forming process is governing
the feeder, i.e., the gob has to fulfil all conditions
securing an unobjectionable forming. The following
items are also involved: unobjectionable temperature
homogeneity, constant gob weight, constant gob
shape and gob fall.

Apart from temperature homogeneity it is the
constant gob weight which is an absolute prerequisite
in particular for narrow neck containers. It is very
difficult to control the NNPB process without an
automatic weight control.

In the following the principle of such a weight
control is shown: At the end of the pressing process,
the depth of plunger penetration into the glass is
being measured in the pressing cylinders via sensors.
By means of a control system, this signal is then being
used for height adjustment of the feeder tube and
thus for the gob weight control. Assuming a glass
weight of approximately 200 g, the precision achieved
is within a range of + 0.3 g.

With regard to the gob distributor, development
work continues as well. Starting from the fact that the
direct gob fall is considered favourable for a glass
production machine, the channel system at the IS
machine is regarded as an acceptable compromise.
With the gob distributor meanwhile being applied
worldwide, first prerequisites were created for the
utilization of 10 section machines. However, quicker
operating and larger machines have shown the limits
of a mechanical gob distributor. More than 160
movements/min are impossible due to high acceler-
ations of the drive mechanism and related negative
influences on the stop time. Movement periods
required become too long to the disadvantage of stop
times during which the gob will slide from the scoop
into the straight channel. Today it is possible to
by-pass this bottleneck by using a gob distributor with
an electric servo drive. This type of equipment has
already been applied successfully on 10- and 12
section machines. Up to 220 movements/min can be
realized whereas the movement procedure itself is
precise and reproducible. The mechanical transfer
elements applied guarantee a long service life. When
the stop times (cycle period = index time + stop
time) of mechanical and electric versions are consid-
ered it is found that the stop time of the electric
distributor at 220 movements/min corresponds to a
stop time of the mechanical type at 160 move-
ments/min. It is possible to carry out a conversion
from mechanic gob distributor to an electric system
within approximately 24 h. Apart from the shorter
stop time, another advantage of the electric system is
its high flexibility. The stopping of two sections of a
12 section machine is done by pressing a button, the
feeding-in of a new firing order for obtaining another
ware spacing on the machine conveyor is carried out
within seconds.

No doubt the process of gob forming via shear cut
and finally the passing through channel system until
the loading process in the blank mould is the most
critical part of production process in the IS machine
until today. The origin of many production defects
must be traced back to the fact that the loading
procedure is not reproducible.

The conventional IS machine is operated by
pneumatic cylinders, whereas it is well known to
experts that this is not the best and most cost-
favourable drive. Presently several ways for solu-
tions are being investigated. Meanwhile hydraulic
cushionings for the transfer- and take-out cylinder are
wide-spread. There are also a number of machines in
operation with hydraulic drive. However, main
efforts are concentrated on replacing individual
installations by electric, programmable drives, aiming
at quicker and reproducible movement procedures.

For many years, continuous electric individual
drives have been in use for the IS machine and for
additional installations. There are separate drives
especially for the following:
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Figure 4. Mould cooling with air fan radially on the mould
surface.

a) feeder,

b) gob distributor,

¢) IS machine control,
d) ware transfer,

e) machine conveyor,
f) cross feed conveyor,
g) lehr loader.

All drive motors are synchronized, i.e., in case of
speed modifications all installations are being modi-
fied in speed in a uniform way.

Meanwhile for many heavy-duty IS machines,
electrically driven ware transfers are in use, transport-
ing the containers from the machine dead-plate onto
the machine conveyor. Modern ware handling
systems make it possible for containers to be
transported from the dead-plate into the lehr without
contacting each other. In recent years this ware-han-
dling system grew more and more important in
connection with the large quantity production of
light-weight containers. Heavy-duty machines like IS
16 DG or IS 10 QG do not work without a modern
ware-handling system as up to 550 containers/min
with a temperature of about 600 °C have to be moved
into the lehr.

4. Electronic timing

During recent years electronic controls for IS ma-
chines are applied more and more. There are two
main aspects leading to intensified use of these
systems:

a) better serviceability, better process survey, better
reproducibility, lower danger of accidents, decrease
of job change times;

b) possibility of connection to process control
systems.

On principle the control consists of two basic
elements: on the one hand electromagnetic valve
blocks in the machine, on the other hand the control
unit directing the valves. There is a number of
possibilities for variation, i.e., it is possible to use
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Figure 5. Mould cooling via air flow through axially aligned
holes.

electronic equipment from different suppliers to
control a machine equipped with controllable valves.
Thus, there is a possibility to start with a more simple
system and apply some time later more complicated
systems which can also be connected to process
control systems.

Today, E(Electronic) timing is required for
heavy-duty machines with 10-, 12- or 16 sections in
order to keep service expenses of machine personnel
as low as possible. Machines with frequent job
changes should suitably be equipped with electronic
control for shortening job change periods.

5. Mould cooling

The customary type of cooling moulds for hollow
glass producing machines is done by blast air leaving
machine-connected nozzles and being led radially
onto the mould surface in a bundle of air flow
(figure 4). This type of cooling, however, character-
ized by a relatively simple layout, shows a number of
considerable basic defects in process technique. The
mutual influence of air flow and unavoidable
disturbing effect of mould suspensions will reduce
cooling efficiency in such a way that the production
speed of glass machines is frequently determined by
the effectiveness of the cooling at the blow moulds.
Moreover, the bilateral flow towards blank moulds
prevents the technologically required differentiated
heat flow on the mould circumference.

With regard to this type of problems, significant
improvements were achieved by the introduction of
axial cooling (figure 5). Here the mould cooling air is
led through the moulds inside axial borings, resulting
in a considerably more uniform temperature profile.
The cooling air is supplied by the mould holder so
that the cooling itself continues during 360°, i.e.,
during the whole blow mould cycle.

A special case becomes relevant when manufac-
turing light-weight bottles: The blank mould air
supply is divided into 6 segments that can be admitted
independently of one another according to require-
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Figure 6. 16 section IS machine layout “A” with T feeder.

ments. By this measure, a good temperature distri-
bution in the parison is obtained which is in the end
responsible for a uniform glass distribution in the
container produced.

Compared to conventional cooling, there are
clearly measurable advantages in axial cooling:

a) approximately 15 % speed increase by better heat
flow,

b) approximately 50 % less mould cooling air,
¢) noise reduction in the machine surroundings.

6. Heye Advanced Process applied on the IS
machine

Glass manufacturers and users appreciate the advan-
tages of the packing material glass, however, its
disadvantages such as fragility and high weight are
also well-known. This is why development work is
concentrated on technologies permitting weight
reductions and strength increases. The Heye Ad-
vanced Process (HAP) is an advanced development
of the NNPB process introduced in 1968 and mean-
while utilized world-wide.

Essential developments referring to the process
are described in the following:
a) improvement of temperature homogeneity of gob
supplied;
b) introduction of a process control with weight
control;

c) the pressing procedure as basic element of the
process was reworked on principle;

d) within the framework of possibilities available,
process times were adapted to the conditions of a
light bottle process;

e) the bottleneck in the process — heat flow on the
blow mould side — was eliminated by the application
of axial cooling. Thus it was possible to achieve
increases in efficiency and further weight reduc-
tions;

f) improvement of mould swabbing;

g) microscopical surface damages reducing strength
were drastically reduced.

Meanwhile HAP is running very successfully. An
IS-16 DG operating by HAP is clearly superior
compared to an IS-10 TG with regard to output and
cavity rate. Due to increased center distance the 5"’
CD DG machine is considerably more flexible
regarding a wide-range production programme.

16 section machines can be serviced by one
forehearth and two feeder mechanisms (T feeder,
figure 6). In this case shear and gob distributor are
working within a conventional production range, i.e.,
a maximum of 140 cuts/min.

As nowadays double gob machines are in oper-
ation in almost every hollow glass plant, another
advantage compared to TG and QG machines is that
the parts depending on jobs are identical with those
of other IS machines.
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