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1 Introduction

In all areas energy saving has turned to a highly acknowledged topic in today’s
press. The absolute energy consumption of seals in the heavy industry often reaches
values of several kilowatts. Therefore, to focus on the seals as a major originator of
high energy losses seems to be absolutely feasible. But this view is mainly a
contribution to the polluter-pays-principle, since it is solely based on the active
production time of a facility. The all-embracing focus on seals must include
downtimes of the production as well, which leads to further possible energy losses.
Reflecting the value creation within a process chain leads to the analogy, that energy
consumption in a necessary framework is value facilitating. Only the amount of
energy, exceeding the necessary quantity to do the sealing work, can be accordingly
seen as energy dissipation. Consequently, the facility’s downtime must be divided
into a value facilitating portion (planned downtimes) and a second one of mere waste
(unplanned production stops) as well.

2 Basic view of energy consumption in the heavy ind ustries

During the development process of a seal, besides other aspects, the seal designer’s
view always focuses on the expected lifetime of the seal. The inserted heat resulting
of the friction between the sealing edge and the moving counter part is always a
major influence factor regarding the lifetime of a seal. Besides a reduced lifetime,
high friction in the sealing gap also implements elevated energy consumption of the
facility. Therefore, the following statement is valid: Reducing energy consumption is a
seal designer’s basic motivation developing a persistent sealing solution.



According to this background, it seems feasible to contemplate the complete energy
consumption of a facility. Figure No. 1 shows two different types of energy
dissipation: the primary dissipation of the mere actuation of the facility, and the
secondary dissipation as a consequence of downtimes and maintenance.
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Figure 1: Energy dissipation regarding sealing systems

An estimation of the standardised energy consumption of some applications in the
heavy industry is shown in Fig. No. 2 [1-8]. It is based on the maximum possible
energy consumption per year assuming non stop operation. Planned downtimes due
to maintenance or standby times lead to an average operation time each year. This
amount of energy consumed for the operation of the facilities is a compound mainly
of the energy necessary to run the facility, and — since we focus on seals — the part of
energy to overcome friction of the seals (primary energy loss). The remaining part of
energy, in fact supposed to be gainfully used as active operation energy, but lost and
not used, is titled secondary energy dissipation. Focussing on seals, this secondary
energy dissipation is a result of unplanned downtimes due to failures of the sealing
system. The estimation is based on the assumption, that there is a possible failure of
seals once a year. A quite realistic estimation, if seals of low quality are used.



According to this estimation, the values for the primary and secondary energy
dissipation show a similar range within each application (Fig. No. 2).
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Figure 2: Energy balance on a yearly basis

Nevertheless, in steel works for example, costly measures have already been
realised to reduce unplanned downtimes to a minimum by preparing spare roller
stands for quick exchange. The repair time for the sealing system then can be spent
off line. In consequence, the unproductive time has been minimised. This is done,
since further cost of unplanned downtimes within the mentioned applications like e. g.
docking cost, salaries or maintenance cost of housings, counter surfaces or bearings
are not yet included [9]. They can reach considerable amounts, and have to be
considered separately and individually. This paper focuses on the mere energy
balance.

This approach clarifies that the seal designer focuses on primary energy
consumption and its reduction, whereas the operator determines the secondary
consumption by e. g. choosing the sealing system. In the following, for both
conceptual formulations, methods are demonstrated to find appropriate solutions.



3 Energy saving by seal designer

In this chapter, related to reciprocating and rotary motion, examples are given for
measures that already today reduce the necessary amount of energy consumption to
the essential level:

* Modern sealing system vs. conventional sealing solution

* Pressure relieved to avoid high pressure build-up in inter-space

* Volume compensation to avoid any pressure build-up in inter-space
» Consistent radial load at high eccentricities

* Material hardening vs. continuous wear & tear

e Layout programmes vs. variation in design

Modern sealing system vs. conventional sealing solu tion: Nowadays, besides
conventional sealing solutions, manufacturers of seals also offer modern sealing
systems for virtually all types of applications. These modern systems e. g. for
hydraulic cylinders consist of seals made of PTFE and polyurethane. Regarding
friction and the corresponding wear & tear behaviour, these types of seals clearly
show a superior performance compared e. g. to standard roof type packing sets
made of rubber/rubber-fabric. The sophisticated performance is directly connected to
a low energy consumption of such a sealing system. On the other hand, roof type
packing sets offer the feature of split mounting, which can be essential during
maintenance. Regarding rotary motion, Fig. No. 3 shows the different levels of
energy consumption, if a standard radial shaft seal is compared with a special
sealing solution for high circumferential velocities. If the performance of this special
solution was on level of the standard version, premature failure would be the result.
Exclusively an energy saving design in combination with the appropriate choice of
materials facilitates high circumferential speeds.



Modern Sealing System vs. Conventional Sealing Solu  tion
Comparison of seal designs for rotary motion
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Figure 3: Modern sealing system vs. conventional sealing solution
Pressure relieved to avoid high pressure build-up i n inter-space: [10] already

describes the properties using pressure relieved hydraulic sealing systems. There, a
pressure relieving bore in the primary seal prevents an unwanted overpressure in the
space between the primary and the secondary seal, due to unfavourable operating
parameters. This overpressure normally would prematurely harm the secondary seal
by excessive friction. Only the pressure limiting and therefore friction reducing and
consequently energy saving design of the sealing system facilitates an elongated life
time. An advanced development of this type of sealing system is described in the
following.

Volume compensation to avoid any pressure build-up in inter-space: If a volume
compensator is used in a hydraulic sealing system, the pressure in the inter-space
can not only be limited, but virtually be completely avoided [10]. Figure No. 4 shows
the effect using a pressure compensating module in a hydraulic cylinder on a test rig.
During several double strokes of the cylinder, the pressure in the space between the
primary and the secondary seal has been monitored. If a volume compensator
absorbs the dragged out drag oil in the inter-space of the sealing system, and the oll



is released again on the back stroke via the pressure relieving bore in the primary
seal, then the pressure in the inter-space fluctuates on an extremely low level.

Volume Compensation to Avoid Any Pressure Build-up in Inter-space
Functional verification of modified sealing system for hydraulic cylinders
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Figure 4: Volume compensation to avoid any pressure build-up in inter-space (1)

This fluctuation is only based on the elastic behaviour of the volume compensator
itself. If such a volume compensating module is not used, a considerable fluctuation
of the pressure in the inter-space can be monitored even during short strokes. Thus,
the use of a volume compensating module in a hydraulic sealing system leads to a
considerable reduction of friction at the secondary seal and therefore contributes to
the target of saving energy during operation. Figure No. 5 explains and summarises
these two mechanisms of pressure respectively volume compensation.



Volume Compensation to Avoid Any Pressure Build-up in Inter-space
Energy saving potential at secondary seal
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Figure 5: Volume compensation to avoid any pressure build-up in inter-space (2)

Consistent radial load at high eccentricities: The counter surfaces of radial shaft
seals can have a total offset of +/- 3 mm and even more, dependent on the type of
application. These fluctuations of the shaft lead to a deforming of the sealing profile.
Different radial loads of the sealing lip towards the shaft are the result. Besides the
negative effect on the sealing behaviour, alternating friction can be monitored as well.
If an adequate seal design is used (e. g. Fig. No. 6), friction peaks stay moderate and
consequently energy dissipation can be avoided. In the shown example the profile of
the radial shaft seal has been optimised and a double spring is used to equally
spread the necessary radial force.



Consistent Radial Load at High Eccentricities
Optimised seal design for rotary motion
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Figure 6: Consistent radial load at high eccentricities

Material hardening vs. continuous wear & tear: Besides the design, also the
chosen material of a seal plays an important role regarding expected lifetime.
Dependent on the choice of material, a local hardening of the material can be
observed during operation. On an appropriate level this hardening of the material is
beneficial for the performance of the seal, and therefore a desired feature, since this
local hardening reduces friction and impedes wear & tear. In steel works for example,
sometimes pre-run and pre-hardened seals are used in high speed stands after they
have performed in low speed rollers. As a result of these findings, materials for seals
should always be chosen according to the applied load. If the applied load is too low,
a continuous wear & tear of the seal can be observed, since the local hardening
process at the sealing lip has not been activated. Consequently, the right material for
the right applied load leads to reduced friction and contributes to the target of saving
energy during operation.

Layout programmes vs. variation in design: [11] already describes the set-up and
use of layout programmes for the design and manufacturing of seals. In the process
of product development of seals for the heavy industry, not the single seal itself but
the guidelines for this specific type are designed. The wide diameter and profile



range of single seals would hinder the process of development in advance. However,
customers expects a fast response to their enquiry. Layout programmes help to
perform on demand. The design guidelines establish the relationship in a
mathematical function by the given diameter, profile length and heights. Finite
element analysis is used to optimise the functional metrics in this relationship.
Therefore various calculations are performed to investigate the influence of shaft
misalignment or fluid pressure. The final relationship between functional and given
metrics is fixed in a layout programme.

Layout Programmes vs. Variation in Design
Using the example of designing radial shaft seals
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Figure 7: Layout programmes vs. variation in design

Based on the enquiry, the application engineer selects a suitable seal and the
appropriate material. This information is entered into the layout programme as well
as the given metrics of the application such as diameter, profile height and profile
length. The result of the programme is a geometric proposal. Out of a parametric
drawing a CAD-programme-macro creates a technical drawing of the geometric
proposal.



Opposite to this structured design process, alternative design methods, like following
product standards with cluster limits offer a huge room for interpretations. Dependent
on the application engineer or user of such systems, the design of a seal can vary,
even for identical dimensions (Fig. No. 7). Only the use of layout programmes limits
the variation in design, and consequently friction and the related energy consumption
can be kept on low level.

All the above listed examples for an energy saving design are used by the seal
designer to create a long-performing sealing solution. These special design features
offer energy savings during operation.

4 Energy saving by operator

This chapter highlights the operator's scope of measures to complement the
achievements of a structured seal design process regarding energy efficiency.

e Use of detailed discussions together with seal designer, e. g. counter surface
recommendation vs. early failure

» Use of best suitable seals with improved life time

Use of detailed discussions together with seal desi gner, e. g. counter surface
recommendation vs. early failure: [11] already explains the effects of counter
surfaces on hydraulic seals regarding lifetime. Specific surface structures of rods
may cause an early failure of hydraulic sealing systems. [11] describes the surface
structure of rods with common and additional surface parameters. Investigations of
historical cases and the use of a full set of available parameters led to the selection
of the Rk group. Contrary to R,, the Ry group describes differences between used
and unused surfaces. Experiences from the field have shown visual differences and
a lack of R, to highlight this (Fig. No. 8). Besides the visual differences of used and
unused surfaces, a functional difference can be observed. In the case of an
unexpected low performance of the first seal used on the test rig, a second seal
replacing the first one performed considerably better (Fig. No. 9). Thus, using the
parameters out of the Ry group, visual and functional differences now can be
identified.

Rpkx has proved to be a strong indicator for wear & tear and lifetime of a hydraulic
sealing system. Merkel Counter Surface Parameters (MCP) with a set of parameters
from the Rg group has been established and refers to hardened steel surfaces. MCP
increase the performance of sealing systems und can prevent unplanned downtimes
with the related energy losses.



Counter Surface Recommendation vs. Early Failure
Merkel Counter Surface Parameters (MCP) offer a com  plete picture
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Figure 8: Counter surface recommendation vs. early failure (1)
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Figure 9: Counter surface recommendation vs. early failure (2)



Use of best suitable seals with improved life time [9]: Various applications within
the heavy industry require high quality sealing systems. The basis for such
sophisticated sealing systems is dependent on the materials used, on the right
design of each single seal, and on reliable, suitable production methods. If the target
is to optimise operating costs, all related fees must be considered. Besides the costs
for the seals, downtime costs and maintenance and repair costs have great influence
on the total costs involved. If the seals are quite cheap compared to high end
solutions, the performance may vary extremely. Reduced performance when low
quality seals are used, can lead to high costs operating the plant, exceeding
tremendously the initial savings. For a clear picture, a transparent overview on costs
and savings, a customer benefit sheet offers a sound basis for the right decisions.

5 Conclusion

The share of energy consumed by sealing systems in the heavy industry during
operation is quite low compared to the necessary energy to run the facility. The mere
focus on sealing systems as the main originators of energy losses only during
operation, distracts the view on further potential of energy dissipation: unplanned
downtimes caused by complete failures of sealing systems. If a sealing system fails,
value facilitating energy consumption is prevented and therefore can be seen as
energy dissipation. The manufacturer of seals already considers an optimised energy
consumption during the design process in order to realise a long lifetime of the
sealing system. Reduction of friction by using the right material in combination with
the appropriate seal design is the main motivation. But also the operator can
contribute to an energy saving performance of the facility, by reducing unnecessary
downtimes, which is — regarding the seals — mainly based on the right choice of
consultancy and matching sealing systems for their applications from an appropriate
seal supplier.

6 Summary

In the heavy industry possible primary and secondary energy savings should be
considered separately. Primary energy savings reduce the power consumption of the
facility during operation; whereas secondary energy savings reduce the energy
consumption in total by optimising the facility’'s downtimes. This paper shows the
potential of both types of energy savings.

Since friction — hence primary energy loss — can cause severe damage to a sealing
system due to high temperatures and abrasion, it is the seal designer's own and
main interest to chose an energy saving design. This is the basis for further savings
later in production. Since downtimes of a facility — hence secondary energy losses —
are costly and unwanted, it is the operator’'s main interest to reduce these downtimes



and often correlating maintenance efforts. One way to focus on this issue is the use
of suitable sealing systems for the specific facility’s environment, which can be
realised by the appropriate application consulting of the seal supplier.

Based on these findings, this paper describes examples of how to create and how to
use energy saving potentials in the heavy industry for both, the operator and the seal
designer.
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