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50 Pennekamp goes float

EHR TECHNOLOGY
Pennekamp is a well-known world-

wide manufacturer of annealing lehrs
for various glass industries. Over 60 years of
experience in the annealing process for glass
containers, tableware, display, pattern and
solar glass are the basis for the creation of new
technological ideas.

Looking at the current manufacturing tech-
nology of float glass it is easily to see that
innovations in the area of the dross box and
annealing process have not been made or only
minimum since the introduction of the process
at the end of the 60s.

SAFER AND MORE USER-FRIENDLY
FLOAT GLASS MANUFACTURE

Due to this fact and to the request of some
float glass manufacturers, Pennekamp has stud-
ied the current technology over the years and
has come up with some new developments in
order to make the process itself safer and more
operator friendly, as well as to improve the qua-
lity levels based on optimized temperature con-
trol and glass transport system.

In detail, the aim was to look at the lehr as a
crucial part of the float glass manufacturing
process, keeping in mind that any change of
existing processes must be technically compre-
hended by the users. Therefore the steps
achieved had to be carefully introduced to the
float glass manufacturers.
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After almost 50 years without changes, float glass manufacturers are
starting to request safer and more user-friendly processes, along with
improvements in quality levels. Ernst Pennekamp, with its annealing
experience that covers more than 60 years, has studied the process
and, in this article, presents us with its solutions, taking into
consideration the drive system, rollers, temperature control and
process flexibility, with the future in mind.

Ernst Pennekamp
PENNEKAMP GMBH & CO. OHG
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Ceramic rollers
In the second step, the use of ceramic rollers

was discussed with the operators, considering
that secondary industries (processing of float
glass), as well as several float glass manufactur-
ers themselves, are operating with those kinds of
ceramic rollers.

The results have been positive for more than a
decade, which made Pennekamp’s introduction
of the ceramic rollers much easier. Looking at the
advantages, it is important to point out that silica-
based rollers are much harder and tougher than
the material itself compared with ‘soft’ stainless
steel. The ‘fairytale’ story of roller breakages has
never been seen on most of the installations. 

The search of such an incident was tracked
to be a result of the roller support and driving
creating torsion stress. However, even such an
unlikely case may be eliminated by the use of
the correct design and the application of indi-
vidual drive systems.

In order to answer the now growing ques-
tions of readers in advance, we would like you
to consider the mechanical strength of the
ceramic materials, as well as the minimal
(almost non-existant) thermal expansion,
resistance to much higher temperatures than
during the annealing process and, very impor-
tantly, the non conductivity of the heat to the
outside (vice versa). Thermal conductivity is,
according to our research, one of the key issues
for using such high capacities of edge heating
over the entire length of A, B and C zone.

This effect and possible minimization of ener-
gy consumption does not require a scientific team
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The drive system
One of the first areas looked at and modified

on a speciality float glass line was the introduc-
tion of the individual drive system for the rollers.
This system was required, from our point of
view, to eliminate the main shaft with its open oil
pans, which are still in use today, even if much
more modern drives system and technological
components are available.

Looking at the current drive mechanism, there
are several technological disadvantages, such as
the fixed driving speed of all rollers, even under
the known circumstance that the glass ribbon
shrinks in dimension during the cooling process.
The classically used stainless steel rollers have a
significantly higher thermal expansion than soda
lime glass, which even makes it worse. Actually, in
the case of stainless steel, the difference in roller
speed from charge to discharge end is one per cent.
Based on the glass composition and the thermal
expansion rate of glass, the requirements and
needs may easily be calculated by the manufactur-
er. This results in a relative movement of the glass
to the roller itself and therefore in the likely cre-
ation of surface scratching.

Can this effect be compensated in “classical”
production lines?

No, it cannot be compensated, but the the
introduction of sulphur into the lehr, with all its
disadvantages in terms of cost and environmental
issues, can be minimized by using a lubricant. In
addition, the glass sticks to the stainless steel
rollers and therefore provides a secondary pro-
duction problem, the build up itself. This requires
cleaning of the rollers, which is to be seen as an
interruption of the manufacturing process.

Tests on float lines have demonstrated and
shown the effects of roller speed differences by
actually creating a cross breakage, which resulted
in a wide gap between the ribbon ends at the dis-
charge end of the lehr. By operating each roller
individually, and the possibility of programming
the offset between the roller groups, the gap men-
tioned above was deleted along with the relative
movement between the glass and the rollers.

Furthermore, the individual operation of each
roller minimizes the possibility of any major stop-
page and therefore damaging of rollers. In addi-
tion, it was in Pennekamp’s interest to make the
system even more failsafe by introducing the over-
head electrical backup and automatic switchover.
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and internal supports are identical, allowing the
insertion of:
• heaters;
• indirect coolers;
• semi-indirect coolers; and
• direct coolers.

This design refers to the classical A to 
C zones.

Each of these eight positions may be “loaded”
by the components mentioned in the above list-
ing, or kept as a “dummy” position, according to
the temperature (annealing) curve requirements.
Due to this unique design, future changes are eas-
ily possible in the case of production request
changes at minimal work.

Yes, edge heaters are still required even while
using ceramic rollers, in order to compensate the
edge thickness and therefore heat demands.
However, the Pennekamp edge heater design
does not require any mechanical repositioning for
different ribbon width, but executes this job by
means of electric/electronic power distribution
shifting over the cross width.

The above mentioned improvements are just a
few of the developments made on the Pennekamp
Float Glass Lehr which makes this a new step
towards the future for float glass manufacture.
These items are proven and far beyond ‘fairytale’
and are, in fact, the latest technology.  ■

to be calculated, but only a closer look of the glass-
maker at the temperatures emitted to the environ-
ment due to the use of stainless steel rollers.

Temperature control
In terms of temperature control itself,

Pennekamp closely monitored the requirements
and needs of glassmakers in order to find room
for optimization. 

One of the major factors of dislike was the
effect of changes in the annealing curve due to air
flow changes within the building. Another issue
requested by the operator was the repeatability
of process temperatures and conditions, as well
as heating/cooling flexibility over the entire
length of the tunnel (annealing zones).

Pennekamp, therefore, has introduced the
combination of infrared scanning temperature
measuring as well as the use of thermocouples.
The correct combination of these two princi-
ples showed and demonstrated the improv-
ed repeatability and control of the annealing
curve (process).

The avoidance of outside influences (factory air
flow) is achieved by the consequent minimization
of bottom, sidewall and roof lining leakages on the
annealing lehr itself, as well as structured internal
pressure control and monitoring. Such “air in”
leakages may only be compensated by excessive
loads of unnecessary electrical heating.

Process flexibility
With regards to the request of process flexi-

bility, Pennekamp has looked at past designs and
their restrictions, which is mainly the clear dedi-
cation of the zones (sections) to a specific pur-
pose only, such as heating, fine cooling and mass
cooling. In addition, the design length of the indi-
vidual zones (sections) reduces any flexibility to
a minimum.

Therefore Pennekamp followed its basic
design criteria of having zone lengths of 2.25
metres each, which also makes transport
cheaper and easier. This reduced zone length
also results when maintaining overall tunnel
length in an increased number of control zones
(improved accuracy). There is no basic dedica-
tion of each zone to a function, but, on the
other hand, “flexibility”.

Each of the tunnel zones is equipped with
eight side inlet openings, four on each side, two
above the roller and two below. The design, space
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