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Functionality of

RINGFEDER® Friction Springs
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Fig. 1: Functionality of Friction Springs & Force-Stroke Diagram

Friction Springs are cyclic loaded steel springs consisting of outer and
inner rings with conical contact surfaces. They are loaded axially with
only elastic deformation. The energy dissipation is the result of the
friction between the conical surfaces between the rings. The recoil
force of the Friction Spring is much lower than the deformation force,
usually with a reduction of around 66 %.

Figure 1 shows the idealised flag-shaped Force-Stroke Diagram (hys-
teresis curve) of a Push-Pull Unit. The area highlighted in blue rep-
resents the hysteresis damping. There is a direct relationship between
the end force Fpax and the associated recoil force Fr as given below:

Fr= (1 - Drel) Frmax

The hysteresis damping Dye/ depends on the grease used, so that in
addition to the typical value of approximately 66 %, a relative damping
of e.g. 55 %, 45 % and 35 % is also possible. The sliding surfaces
are typically lubricated when delivered and generally do not require
re-lubrication during operation (lifetime lubrication).

As the rings themselves are not fixed, the spring must be preten-
sioned to secure the position. This must be at least 5-10 % of the
spring's end force and can be increased to up to 60 % if required for
emergency applications.

Friction Springs themselves only absorb compressive forces, but a
suitable design also enables tensile forces to be absorbed by redi-
recting the force.

Once the maximum spring travel has been reached, the spring is in
a blocked position. Even greater loads are now transmitted. This re-
sults in a high level of safety because the greatest transmissible static
force is limited by the design and not by the Friction Spring.
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Industrial Dampers

Friction Springs as application-specific damper versions
(examples)
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Advantages of Dampers
with RINGFEDER®
Friction Springs

1. Longevity — Dampers with Friction Springs are designed to en-
dure many load cycles and remain reusable. If one of the rings of
a Friction Spring breaks inside a damper, it will lose some spring
travel and the stiffness will increase slightly, but it will continue
to function.

2. Damping — Using RINGFEDER® Standard Grease F-S1, 2/3 of
the induced energy will be absorbed. If less damping is required,
a customized solution can be used, reducing the damping to 1/3
of the induced energy. This is a simple solution to purposefully
modify the characteristics of the damper.

3. Fire and High Temperature — Friction Springs are manufac-
tured from special spring steel and lubricated with grease. In the
event of fire, rubber products and viscous dampers are destroyed,
but Friction Springs will withstand. Only re-greasing is required
afterwards and the damper can be used further.

4. Self-Centering — Thanks to the custom-made design of damp-
ers with Friction Springs, the optimum restoring force is always
achieved for the particular application. This can be realized, for
example, by using a different grease, increasing the outer dia-
meter, or changing the taper angle.

5. Environmental Sustainability — Dampers with Friction Springs
withstand seismic events. They are engineered to endure many
load cycles while maintaining their beneficial functionality and
performance. Friction Springs are maintenance-free.

6. Velocity — Friction Springs work independently from loading
rates and, unlike hydraulic dampers, react in the same way to

very slow or very fast occurrences.

7. Installation Space - For a given diameter, Friction Springs pro-
vide the largest spring forces compared to other spring types.
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Earthquake-Resistant
Construction:
Low Damage Design

In standard earthquake design, the intention is to keep escape routes
open and exclude any risk to people. The ductile loadbearing be-
haviour is used, whereby the earthquake energy is absorbed via plas-
tic deformations in the building. The resulting damage must then be
repaired or even results in a complete economic loss.

However, it is also possible to ensure functional integrity immediately
after a seismic event. In this case, only the elastic structural behaviour
is used to secure the structure and the damage to a building during
an earthquake is minimised. Reliability is particularly important for se-
curity-relevant buildings and infrastructure facilities, such as hospitals,
fire stations, electricity and water supplies. With Low Damage Design,
the advantages of the Friction Spring are optimally utilised and the
otherwise expensive construction method becomes an economical
concept with Friction Springs:

1. Increased Safety — By designing buildings with low damage po-
tential, the risk of injury or death during an earthquake is minimised.
Additional safety is only activated by ductile load-bearing behaviour
in the event of earthquakes that overload the design of the structure.

2. Lower Maintenance Costs — As damage to buildings is mini-
mised, less repairs or renovations are required after an earthquake.
This reduces maintenance costs and protects the investment.

3. Operational Continuity — Buildings constructed according to
Low Damage Design can be put back into operation more quickly
after an earthquake, since less time is needed for repairs and
reconstruction.




Design Principles

Friction Springs are available in almost any stiffness combined with
high damping. This results in a wide range of possible applications for
earthquake-resistant construction.

Cross-Bracing

Cross-Bracings are typically used in steel or timber constructions to
absorb horizontal forces. If a Friction Spring is installed at the end
of the strut, the deformability and damping of the structure are in-
creased. Both are advantageous for earthquake-resistant design. The
struts absorb either only tensile or compressive and tensile forces.

Existing reinforced concrete structures are also reinforced with ret-
rofitted struts. I I
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Fig. 3: “Rocking” Shear Wall

With “rocking” shear walls in reinforced concrete or timber construction,
the earthquake forces of the building are redirected into the Friction
Spring. These also allow the wall to lift in a controlled manner, which
increases its deformability without causing cracks and damage.
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Fig. 2: Installation of RINGFEDER® Push-Pull Units

“Rocking”

During “rocking’, Friction Springs enable a swinging movement of the
structure to be protected. Horizontal forces are absorbed by vertical
dampers and the forces and accelerations acting on the structure are
reduced. This method has already proven its worth in the use within
electrical switchgears and substations.

Fig. 4: Push-Pull Units for protection against earthquake-induced damage by decoupling
surge arresters from the base foundation
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RINGFEDER®
Standard Draw Gears

The standard dampers are designed as a Draw Gear with a preload of
20 %. The connection is realized via head plates on both sides. Other
connections, such as rod ends and clevises, are also possible.

Fig. 5: RINGFEDER® Standard Draw Gear

Fig. 6: Draw Gear in X-Bracing

End Force Preload Recoil Spring Travel |Length | Width/Height

Fmax Force Fy | Force Fr Amax | b

kN kN kN mm mm mm

26 52 88 16 150 100

54 10.8 184 224 215 120

100 20 34 32 290 150

200 40 68 416 410 220
510 102 173 62.4 605 300
1000 200 340 84.8 940 480

The dampers can be individually configured as as Draw Gear, Buffer
or Push-Pull Unit. The force range of individual dampers is between 5
and 1800 kN, whereby the maximum spring travel and stiffness can
be flexibly controlled by the number of rings. The blue marked area in
Figure 7 shows the possible maximum spring travel. Higher forces and
spring strokes are also possible by combining several spring types.

With a parallel connection, the end force is further increased while
the spring stroke remains the same. If the friction springs are con-
nected in series, the stroke is increased while the end force remains
the same. The connections to the construction are customizable to the
requirements of the project after consultation. The safety against sta-
bility failure must be verified for struts subjected to compressive loads.
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Diagram 2: Standard Push-Pull Unit
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Fig. 7: Range of Force and Stroke of RINGFEDER® Standard Friction Springs

Whether as cross bracing to maximize ultimate
loads, as base isolation for decoupling from the
foundation, or for shear walls, RINGFEDER®
Friction Springs serve as a highly effective,
maintenance- and wear-free protection sys-
tem against earthquake damage in build-
ings and other critical infrastructure. In the
event of an earthquake, they absorb the oc-
curring energy and, through their restoring
force, ensure a safe so-called “Re-Centering”
of the structure back to its original position.
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