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1. Introduction

The Öhlins TT44, the winning damper
in formula, sports and touring car racing.

1. Introduction

C

ongratulations on choosing the
Öhlins TT44 formula car shock absorber, the most unique and powerful
racing damper available today.
The TT44 damper design is the culmination of two decades of Öhlins successful participation in world championship
events. This damper draws on all the
expertise developed by Öhlins while winning more than 60 World Championships. The TT44 damper is designed to
handle the demanding damping characteristics needed for all types of tracks,
from street courses to super speedways.
The ability to create high damping forces
at very short strokes, combined with
powerful adjusters, will give you outstanding performance and offer many
new possibilities.
The Öhlins TT44 features a patented
concept with a unique double wall design and two adjustable bleed valves to
control the flow between these tubes.
These valves control the initial compression and rebound damping and are
check-valved to be completely independent of each other. They meter the
oil flow created by the main piston area,
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not the flow created by shaft area displacement. This translates to low internal pressure during the compression
stroke.
Even though damping force builds rapidly, the low internal pressure prevents
high friction from the shaft seal. The result is excellent short stroke/high force
performance.
The temperature stability is maintained
by using a flow restriction design in the
bleed valves that create a turbulent flow
at very low piston velocities. Materials
with different thermal expansion rates are
used to compensate for the viscosity
change of the oil caused by changes in
temperature.
Thanks to the unique design of the
bleed valves (they are not tapered needles working in a fixed orifice) every step
(click) of the adjusters produces equal
and predictable changes in force in the
normal operating range. Optimum settings are easy to find.
The Öhlins shim system with the ring
shim preload device offers infinite combinations of shim stacks of very huge
spectrum of different character with one

and the same piston.
The reservoir has a traditional adjustable needle bleed valve in parallel with
its own shim stack, which works only
during the compression cycle. The whole
system is pressurized by nitrogen gas
behind a floating piston to ensure separation of the gas and oil.
As an option there is an additional
compression control adjuster available,
providing a total of 4 external damper
adjusters. This pressure regulating valve,
unique in many ways, controls only the
pressure over the main piston. It gives
new possibilities in shaping damping
curves. For instance “double knee”
curves can be produced easily.
In keeping with Öhlins long tradition of
perfection, performance is outstanding
and long life is to be expected.
The Öhlins TT44 damper is a racer
friendly damper, easy to set up, dial in,
service and rebuild.
All dampers are dyno tested before
they are delivered to the customer.
Support is always available from the
Öhlins factory and Öhlins distributors
worldwide. 

2. How the damper works
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T

he following description of the function of the damper is divided into four
different situations: compression and rebound damping cycles with and without
the high speed compression (HSC) adjuster.
The compression damping cycle describes the situation when the shaft-piston unit moves into the damper body,
while the rebound damping cycle describes the situation when the shaft-piston unit withdraws from the damper
body.
3-way configuration stands for the
basic TT44 damper with three external
adjusters. The HSC configuration refers
to the basic TT44 damper with the optional external high speed adjuster installed. It gives a total number of 4 external adjusters. Dampers with this configuration are often called ”4-ways”.

3-way configuration
compression cycle
For a start we assume that the adjustable reservoir compression bleed valve
(figure 1-E) is fully open. In this case, the
pressure on the compression side of the
piston (figure 1-G) will remain almost
constant and the same as the gas pressure during the whole stroke, though
some small change of the pressure will
occur because of the change of gas volume caused by shaft displacement.
As long as the reservoir compression
bleed valve is set to fully open, only the
pressure drop on the rebound side of the
main piston (figure 1-H) causes the oil to
move from the compression side to the
rebound side of the piston. This means
that the initial nitrogen pressure in the
reservoir has to be high enough to handle the compression forces. If the pressure is too low there is a risk of dumping
more oil than the shaft displaces into the
reservoir and cavitation will occur in the
rebound chamber.
When track conditions cause the vehicle suspension to move, the damper
piston will attempt to move through the
damper oil. In order for the piston to
move, oil must flow from one side of the
main piston to the other. In the initial part
of a compression stroke, when the velocity of the piston is low, the oil flow
bypasses the main piston by travelling
through the adjustable low speed compression bleed valve (figure 1-A), the
compression check valve (figure 1-B) and
then flows between the two tubes (figure 1-C). The oil re-enters the main tube
on the rebound side through a port near
the end cap.
As the piston velocity increases the
pressure drop across the main piston will
increase. Observe that it is the pressure

Figure 1. Oil circuit. 3-way configuration during compression cycle.

Figure 2. Oil circuit. 4-way configuration during compression cycle.
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Figure 3. Oil circuit. 3-way configuration during rebound cycle.

Figure 4. Oil circuit. 4-way configuration during rebound cycle.
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drop on the rebound side of the piston
that causes this, not the increase in pressure on the compression side. Depending on the combination of shims, the
compression shim stack (figure 1-D)
opens at a certain pressure. This provides a direct pathway for the oil, allowing it to pass through the stack to the
other side of the piston. Depending on
the shim stack, the opening will be something from abrupt to gradual. As long as
the piston is moving and the bleed valve
is not fully closed, some oil will always
flow through the bleed valve.
Note: In practice many strokes never
reach a velocity high enough to cause
enough pressure drop across the main
piston necessary to cause the shims to
open.
During the compression stroke, the oil
displaced by the volume of the piston
shaft as it enters the main body is forced
into the reservoir. This causes a small
increase in system pressure due to the
piston shaft volume displacement moving the floating piston and thereby compressing the nitrogen.
In the passage connecting the main
body and the reservoir, there is another
compression valve system (one bleed
valve in parallel with a shim stack) similar to the system found in the main body.
By closing off the compression reservoir
bleed valve (figure 1-E), the reservoir
valve system contributes to the total
compression damping.
The reservoir compression bleed valve
regulates the flow at low piston velocities. At higher piston velocities, the reservoir compression shim stack (figure 1F) opens to provide a pressure blow off.
The pressure differential across the
main piston will build up quicker if there
is some damping from the reservoir, because there is not only a pressure drop
on the rebound side of the main piston
but also a pressure rise on the compression side. This also reduces the risk of
dumping oil into the reservoir. However,
the amount of reservoir damping needed
to achieve a quick damping force build
up is small. Excessive reservoir damping will cause hysteresis.
High hysteresis is caused because the
damping force from the reservoir is created by the pressure acting only on the
cross section area of the piston shaft.
For equal damping force the pressure
needed per unit of damping is much
higher compared to the pressure needed
from the much larger main piston. Higher
pressure compresses the oil more, even
the best hydraulic oils have a certain
compressibility, and also expands the
damper slightly more. In a dyno graph
this can be seen as a difference in force
during acceleration compared to deceleration. The force will be lower during
acceleration than during deceleration.
This is most evident at low velocities. The
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Öhlins TT44 in different configurations: 1. “straight piggyback”, 2. “offset piggyback”, 3. “remote reservoir”, 4. “straight piggyback” in 36 mm spring configuration, 5. optional HSC adjuster, 6. hydraulic spring preloader.

force differential between acceleration
and deceleration is referred to as hysteresis. One of Öhlins design goals for the
TT44 damper is to have the possibility
to run the damper with low hysteresis.
See chapter ”Hysteresis” on page 19.
Because of the restriction in the reservoir, the pressure in the whole damper
body will rise. This will reduce the risk of
cavitation.
The compression damping curve is the
sum of the forces created in the main
body plus those created in the reservoir.
See chapter ”Combining main piston and
reservoir damping” on page 21.

HSC configuration
compression cycle
What has already been described here
about the 3-way adjuster compression
cycle is still valid with the addition of the
HSC option, but now there is also a poppet valve in parallel with the compression
shim stack of the main piston. The poppet valve is pushed against its seat by a
preloaded coil spring. The amount of preload can be externally adjusted. This preload determines what pressure differential across the main piston is necessary
to make the poppet valve open.
The HSC configuration provides an
additional pathway to the other side of
the piston. The new pathway goes
through the center of the shaft (figure 2-I)

and then encounters the poppet valve (figure 2-J). As the piston velocity increases,
the pressure drop across the main piston
rises. At some velocity the movement of
the piston creates a pressure drop across
the main piston, that equals the predetermined pressure required to open the
valve.
After passing the valve, the oil exits the
cross drilled holes (figure 2-K) in the shaft,
on the other side of the piston. Depending on the combination of shim stack and
poppet valve preload, the poppet valve
can open before, at the same time, or
after the main piston shim stack. This
determines the character of the damping curve.
The opening characteristic of the poppet valve is always abrupt, unlike the
gradual opening characteristic of the
shim stack.

3-way configuration
rebound cycle
This cycle is very much the same as the
compression damping cycle (3-way configuration) of the main piston.
During the rebound stroke, the pressure of the rebound side of the main piston is increasing, while the pressure of
the compression side is kept almost constant. This causes the oil to move back
across the piston. When the piston velocity is low, oil will initially flow between

the two tubes (figure 3-A) and arrive at
the low speed rebound bleed valve (figure 3-B).
After the valve has metered the flow,
the oil will open the rebound check valve
(figure 3-C) and travel to the compression side of the piston.
When the opening pressure of the main
piston shim stack is reached, oil will also
pass through the stack (figure 3-D).
To compensate for the displacement
change caused by the shaft leaving the
body, a check valve in the reservoir (figure 3-E) will open so that oil can freely
return to the compression side of the piston. This will cause a small decrease in
system pressure, due to the reduction
of piston shaft displacement moving the
floating piston and therefore expanding
the nitrogen.

HSC configuration
rebound cycle
The rebound damping cycle is the same
whether the damper is of 3-way or HSC
type (figure 4).
The poppet valve of a HSC adjustable
damper (figure 4-J) has the function of a
check valve. It will seal against the valve
seat during the rebound stroke and therefore prevent oil from flowing back through
the shaft. The oil passage will become
identical to the standard 3-way type
damper during the rebound stroke. 
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Figure 5. Terminology.

I

n order to understand the next part of
this manual we must all speak the same
language. In the damper industry there
are some slang words used to describe
different zones to interpret damping
curves. The three key words are nose
(low speed), knee and slope (high speed).
Careful study of this section will yield a
complete understanding of these terms
and allow you to read damper dyno
curves. Later chapters will show how to
manipulate the damper to produce alternate dyno curves. This chapter is relevant for both compression and rebound
damping curves.
Note: In this part of the manual the
speeds and forces shown are not actual
and just chosen for illustration purposes.
Later on, these values will be real where
adjustment and valving combinations are
catalogued. See chapter “Adjustment
and valving charts” on page 43.
Because a high percentage of race
teams have and use Roehrig damper
dynamometers, Öhlins has chosen to
format all graph figures in this manual in
the same proportion as the latest Roehrig
dyno graph printouts, and in the chapter
“Adjustment and valving charts” the figures are of the exact size.
There are different ways of presenting
dyno curves produced by a Roehrig
dyno.
Note: Unless otherwise indicated, the
curves shown are compression open
(measurement during acceleration) and
rebound closed (measurement during
deceleration).
8

To explain the damping curve terminology it is not necessary to include the
damping in the reservoir or the influence
of the optional high speed compression
adjuster at this time.
Take a look at figure 5 and notice the
first portion of the damping curve that
starts at 0.0 inches/second damper
speed and ends at about 0.5 inches/second. This speed zone is called the nose
and is also referred to as low speed. The
valve affecting this part of the curve is
the low speed adjuster. It is always of a
fixed orifice type (the size of the orifice is
not variable by pressure) and is often
called bleed. The design and size of the
bleed determines the character and
shape of the nose.
See “Low speed compression and rebound adjusters”, on page 11 for further
information.
The finish of the nose zone coincides
with the beginning of the knee zone. This
point is determined by the initial opening of the piston shim stack. Its location
in the curve can be found by identifying
where the upwards curve first begins to
level off into the radius that transitions
into the straight line (in this case about
0.5 in./sec.).
The knee portion extends until the shim
stack has transitioned from closed to
open (in this case about 1.2 in./sec.).
Locating where the knee radius stops
and blends into the straight line identifies the end of the knee zone and the
beginning of the slope zone. The low
speed adjustment in combination with

the shim stack’s properties determines
the position and shape of the knee.
The slope, also referred to as high
speed, is determined by a combination
of the shim stack stiffness and the size,
shape, quantity and placement of the
piston ports adjacent to the underside
of the shims. In most cases the slope
will continue rising in a straight line to
damper speeds well beyond those found
on most racing dyno charts. Eventually
the slope will end and the curve will again
turn upwards. This happens when the
size of the piston holes begin to restrict
oil flow (piston holes are also fixed orifices). The slope angle relative to the
horizontal plane defines the magnitude
of the slope and can be quantified as
Pound/(Inch/Sec.) or N/(m/s).
See ”Knee and slope guidelines”, on
page 18 for further information.
The nose, knee and slope are key
words to understanding the following
concepts.
Note: A nose, a knee and a slope can
also be identified in the reservoir damping system. This system is of the same
type with a fixed orifice valve in parallel
with a shim stack. See chapter ”Combining main piston and reservoir damping” on page 21.
If the high speed compression adjuster
is used a second knee can be achieved.
See “High speed compression adjuster”
on page 11.
The speed of the damper refers to the
speed of the shaft movements, not to the
speed of the car. 
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M

ost dampers that are externally adjustable have some type of low
speed adjuster. Low speed adjusters are
almost always externally adjustable variable orifices that become fixed orifices
after adjustment. In the damper industry, these low speed orifices are often referred to as bleeds.
Unlike shim stacks, bleed orifices do
not change size in response to changes
in pressure. Because oil will always travel
to the path of least resistance, it will first
flow through the open bleeds until there
is enough pressure to open any other
valves. Oil flows through the bleeds any
time the damper shaft is moving, and
continues to flow in parallel with the flow
through the piston shim stack after the
stack has opened.
The most common type of adjustment,
when it comes to external high speed adjusters, is an adjuster that moves the knee
up or down without changing the slope,
or just marginally changing it. To achieve
this, the amount of force pushing the valve,
shim or poppet valve, against its seat is
varied. That is done by changing the preload of the spring element; shim stack, coil
spring, cup spring etc.
The oil flow that is controlled by the
external adjusters varies between different type of dampers. The larger the flow
is, the better the conditions will be for a
powerful adjuster. There are two reasons
for that:
A larger flow is easier to control.
The tolerance zones of the parts have
to be reduced to keep the precision if
the flow is reduced.
A larger pressure area, the pressure
area is proportional to the oil flow, will
keep the internal pressure of the
damper at a lower level. This increases
the damper response and the damper
will build up damping force quicker.

External adjusters summarized
The TT44-damper from Öhlins comes
normally as a 3-way externally adjustable damper. The HSC adjuster is then
sold separately as a kit. However, for
some cars the dampers are delivered
with the HSC adjuster already mounted.
Low speed compression
damping adjuster (LSC)
Type of adjuster:
Bleed adjuster.
Effects:
The flow from the main piston
during compression strokes only.
Identification:
Gold knob at the head
of the cylinder body.

Number of positions:
Approx. 38
Low speed rebound
damping adjuster (LSR)
Type of adjuster:
Bleed adjuster.
Effects:
The flow from the main piston
during rebound strokes only.
Identification:
Silver knob at the head
of the cylinder body.
Number of positions:
Approx. 38.

LSR

LSC

+

-

+

-

RC

-

+

Reservoir compression
damping adjuster (RC)
Type of adjuster:
Bleed adjuster.
Effects:
The flow from the displacement
of the shaft during compression
strokes only.
Identification:
Black knob at the top
of the reservoir.
Number of positions:
Normally within 20-25. Depends
on the shim stack used.
Optional high speed compression
damping adjuster (HSC)
Type of adjuster:
Poppet valve preload adjuster.
Effects:
The flow from the main piston
during compression strokes only.
Identification:
Gold wheel in the end eye.
Number of positions:
Approx. 55.
Note: All Öhlins external adjusters, including the optional high speed compression adjuster, are “fully hard” when
turned clockwise until they stop.
It is very important that the clicker position is always counted from “fully hard”.
The reason is “full hard” is always an
absolute position. “Fully soft” will vary
depending on tolerances. In the case of
the reservoir, “fully soft” will also vary with
the shim stack chosen and in the case
of the optional high speed compression
adjuster the detents will become gradually less pronounced.
Normally the first click and/or detent
is counted as “zero” position.
To match damping curves of a pair of
dampers in the dyno, sometimes the
clicker numbers will end up +/-1 click
from each other.
Because of the high number of clicks
of the HSC adjuster, the click position
numbers can differ even more.

Figure 6. Standard external adjusters.
- = soft. + = hard.

+

HSC

Figure 7. Optional high speed compression damping adjuster. - = soft. + = hard.
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Figure 8. Influence of the low speed adjusters. The graph represents both the LSC and the LSR.
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Figure 9. Influence of the standard reservoir compression adjuster (2.5 mm type). The graph illustrates the
reservoir damping only. Note: Different scale.
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Figure 10. Influence of HSC adjuster (1 mm wire spring). Here LSC is set to click position 10. No oil passes
the main piston compression shim stack. Note: The base curve is different due to a different shim stack.
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Just remember maximum clockwise is
“full hard” for all adjusters.

Low speed adjusters
The two low speed adjusters LSC and
LSR have the same design and are
uniquely designed so that in the normal
operating range each click of the knobs
will change the damping in equal steps.
They are not tapered needles working in
fixed orifices, where the damping force
increases progressively per click as the
needle is closed. The adjusters are powerful over the whole range making it
easier for you to find optimum settings.
The LSC and LSR have left-hand
threads and the knobs move away from
the body when adjusted clockwise. Do
not let the outward motion mislead you.
All the way out is full hard!
Both knobs have a range of approximately 38 clicks. To match a pair of
dampers in the low speed area, the click
positions shall not differ more than 2
clicks.
The knobs can be adjusted either by
hand or with a small screwdriver. Do not
use too much torque when closing the
bleeds completely.
As the adjuster is turned counterclockwise the clicker numbers get higher.
Temperature stability is maintained in
the low speed area because of the
unique design of the bleed valves, which
creates a turbulent flow at very low piston velocities. Also materials with different thermal expansion are used to compensate for the viscosity change of the
oil caused by temperature changes.
Depending on the situation, different
starting settings are recommended. Generally it is better to start with the adjusters a little more open and gradually close
them off. Öhlins recommend setting the
LSC to a click position between 5 and
15 and the LSR to a click position between 10 and 25.

Low speed adjusters effect
on damping curve
Assuming the LSC and the LSR are adjusted the same and the piston velocity
is the same and that there is no oil flowing through the shim stacks, exactly the
same amount of oil will flow through both
valves. The LSR has exactly the same
effect on the nose of the rebound damping curve as the LSC has on the nose of
the compression damping curve.
Figure 8 shows the influence of the
LSC. As described above, it could just
as well be a graph showing the influence
of the low speed rebound adjuster. In the
graph the original baseline compression
curve of figure 6 can be seen together
with four alternate curves. These extra
curves are achieved by adjusting only the
gold knob. The numbers in the graph represent various low speed adjuster clicker
settings. The dotted curves pointing up-

wards indicate the theoretical shape of
the curves if there was only a bleed valve
and no high speed shim stack to open.
See chapter ”Adjustment and valving
charts”, on page 43 for real values.
As the bleed is opened more and more,
the damping is reduced. The speed at
where the knee begins increases and the
nose is stretched longer and longer. Notice, the force at where the knee and
slope begins is always the same. The
slopes also remain parallel to each other.
This is because the shim stack determines the knee and the slope forces and
we have not changed any shims yet.
Conversely, if you wish to keep the
slope starting speed constant, the shim
stack preload has to be reduced every
time the low speed adjuster is opened.

Reservoir compression adjuster
The RC is the reservoir counterpart to
the gold knob on the main body. It also
adjusts bleeds and therefore the low
speed damping of the reservoir. It is a
tapered needle working in a fixed orifice.
The needle valve is available in two
different sizes, one for the 1.5 mm needle seat and one for the 2.5 mm needle
seat. The 2.5 mm needle/needle seat is
standard. For more information about the
1.5 mm needle, see chapter ”Optional
new parts”, on page 53.
The RC has a standard right-hand
thread so it moves into the reservoir body
when turned clockwise. In this case “all
the way in” is full hard.
This adjuster has a range of approximately 20 clicks. The full range varies
depending on the reservoir shim stack
chosen. The total thickness of the shim
stack effects the number of click positions, as the needle seat is also the bolt
that clamps the shims. Different stack
thicknesses create different needle seat
heights. The thinner the stack is, the less
click positions there will be. The lost
clicks will be on the full open side of the
range. However, even with the thinnest
stack possible, there are still plenty of
usable clicks available.
The reservoir adjuster shall be adjusted
only by hand.
Your designated starting clicker setting
can also vary greatly with different style
of shim stacks. Generally a good starting position is with the RC with the 2.5
mm needle at click position 8 to 12 for
non-preloaded reservoir shim stacks and
click position 1 to 5 for preloaded, low
blow off shim stacks. There will be more
specifics about the different type of shim
stacks when we move on to chapter “Internal adjustments”.

Reservoir compression adjuster
effect on damping curve
Figure 9 shows the influence of the RC.
In the reservoir there is a valve system
very similar to those inside the main

body. But it only operates during the
compression cycle and meters only the
oil driven to the reservoir by the piston
shaft displacement. It works in series
with the main compression system. The
compression damping curve becomes
the sum of the damping created in the
main body plus the damping created in
the reservoir. See chapter ”Combining
main piston and reservoir damping”, on
page 21.
The reservoir valves are however not
identical to the main valves and therefore create damping curves with slightly
different character. Here, even if the bleed
is closed, the pressure build up is very
much delayed because of hysteresis.
See chapter “Hysteresis”, on page 19 for
more information.
See chapter ”Adjustment and valving
charts”, on page 43 for real values.

High speed compression adjuster
In order to extend the performance of
our TT44 damper we offer this additional
compression control adjuster. With this
feature we now have three distinct compression adjustments and combined
with the existing rebound adjuster there
are now a total of four adjusters. This
modification has just a few new parts and
can easily be retrofitted to most existing
TT44 dampers.
The concept for this new option is to
provide race team engineers and technicians with more external control over
the compression damping to provide
more usable time during practice and
qualifying and to provide a system to
shape damping curves in a way not otherwise possible. Even if the HSC adjuster
is used, this does not eliminate the need
of reshimming the compression shim
stack to optimize the setting.
The main parts required to convert or
add this HSC adjuster are:
New end eye incorporating a window
to give access to the adjustment wheel.
New hollow shaft to house the poppet
valve and adjuster mechanism.
Threaded insert valve seat.
Bronze valve guide.
Poppet valve.
Valve spring.
Valve.
Adjuster mechanism with threaded
seal cap and affixed adjuster wheel.
No other part than the shaft and the
end eye, need be replaced. Installation
is quite easy. By following the steps described in chapter “Optional HSC adjuster installation”, on page 41, you can
avoid pitfalls.
The HSC changes the preload of a
poppet valve in parallel with the compression shim stack. A coil spring pushes
the poppet valve against its seat. The
preload of the spring determines the
11
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Figure 11. Situation A. The original compression shim stack is used and opens first followed by the HSC
adjuster valve opening.
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Figure 12. Situation B. A modified stiffer compression shim stack is used and opens first, followed by the
HSC adjuster valve opening.
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Figure 13. Situation C. The HSC adjuster valve opens simultaneously with the original compression shim
stack.
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Figure 14. Situation D. The HSC adjuster valve opens first, followed by a modified compression shim stack
opening.

pressure differential to open it.
There are two different springs available for the HSC, one with 0.8 mm wire
and one with 1 mm wire. The HSC adjuster is delivered with the stiffer spring
(1 mm) mounted and the softer (0.8 mm)
as a supplemental part.
By turning the adjuster wheel clockwise (viewed from the end of the damper
at the shaft side), the preload of the poppet valve increases.
As on all adjusters on the TT44, the
clicks are counted from maximum clockwise position (max preload = max force).
There are a total number of approximately 55 clicks for both the 0.8 mm and
the 1 mm spring. At the full soft end of
the adjustment range, when the adjuster
is turned fully counterclockwise, there will
be a couple of turns without detent
clicks. The adjuster should not be used
in this area.
When the preload of the poppet valve
increases, the space for the valve to
move will decrease, as the preloader
(part # 05464-01) moves closer to the
valve. The risk of the valve bottoming
against the preloader increases with
damper speed and is also higher with
the soft spring (part # 05473-01).
Note: To avoid bottoming of the poppet valve, the adjuster should not be set
to a click position less than 10.
Turning the adjustment wheel changes
the preload of the poppet valve. This is
done by using a 2 mm diameter pin
through the window of the end eye. A
maximum of two clicks can be made per
sweep.
No start setting can be recommended,
as it will vary depending on type of car,
ratio, shim stacks etc. The HSC adjuster
blow off starting point is best set with the
help of a damper dyno. We recommend
click position 30 for the first “dyno” run.

Generally the blow off point is set no
sooner than 2 inches/sec.

High speed compression adjuster
effect on damping curve
Figure 10 shows the influence of the
HSC. As described earlier, two different
springs are available. By using the 1 mm
wire spring you can run a larger adjustment range than you can if you use the
0.8 mm spring. The minimum force for
the two springs is about the same, but
the maximum force will be higher and
the damping force change per click will
be larger with the stiffer spring. See chapter ”Adjustment and valving charts” on
page 43 for real values.
There are several distinct ways to use
the HSC adjuster in conjunction with the
other external adjusters and the shim
stacks. Keep in mind that the HSC functions in some ways exactly like a compression shim stack. Both are pressure
regulators that control oil flow by opening at a pre-determined pressure thereby
providing a path for the oil to flow. This
additional pathway allows the oil to reach
the other side of the piston with less resistance. Lower resistance always
equates to lower damping force. Whether
these two valves open simultaneously, or
one after the other, and which valve opens
first, is your option.
Following are descriptions of different
methods of using the piston shim stack
in conjunction with the HSC adjuster
poppet valve:
A. The original compression shim stack
is used and opens first, followed by
the HSC adjuster valve opening
(figure 11).
B. A modified stiffer compression shim
stack is used and opens first, followed

by the HSC adjuster valve opening
(figure 12).
C. The HSC adjuster valve opens simultaneously with the original compression shim stack (figure 13).
D. The HSC adjuster valve opens first,
followed by a modified compression
shim stack opening (figure 14).
All of these situations have been tested
during the development. However, each
race team has to decide which configuration will best suit their needs.

Hydraulic spring preloader
The hydraulic spring preloader (“weight
jacker”) makes it possible to adjust spring
preload from the cockpit. The rate is 0.5
mm/turn and the stroke is 6.5 mm.
The spring preloader is designed for
2” inner diameter (i.d.) springs and
comes with a 1500 mm long hose. For
more dimensions, see drawing in chapter ”External dimensions and damper
identification” on page 51.
The spring preloader can be adjusted by
hand to approx. 1200 lbs (5500 N) of load,
which is the maximum continuous load.
By changing some of the parts in the
master cylinder, there is a possibility to
rebuild the spring preloader, so you get
a rate of 0.75 mm per turn. However, this
will increase the torque needed for a specific load. Contact Öhlins or an Öhlins
distributor for further information.
If the spring preloader needs to be
taken apart for whatever reason, it is very
important to get all the air out of the system when it is assembled. If not the
stroke will be reduced and the flexing will
increase. See chapter “Hydraulic spring
preloader refilling” on page 41 for guidelines. 
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W
Washer

Clamp shim

e have just learned about the external adjusters. We now need to
look inside to see what tools are available to influence the damping. (The two
different springs available for the high
speed compression adjuster have already
been covered in “High speed compression adjuster” on page 11).

Piston
Preload shims

Centering shim
Ring shim

Sealing shim

Main piston

Figure 15. A typical Öhlins main piston shim stack.

The piston (#5415-11), the heart of the
damper, has three ports in each direction, is made out of sintered steel and is
specially developed for racing purposes.
Until the end of 1998 it was a machined
steel piston (#5415-01). The function of
the machined piston and the sintered
piston are identical. However, the sintered piston is 25 % lighter and the tolerances are smaller making it easier to
match dampers.
Thanks to the large piston diameter (44
mm), a quick damping response can be
achieved.
The piston is flat on both sides providing easy control of the condition of the
sealing surfaces.
The rebound side of the piston has a
machined groove in the surface that has
no function other than making it easier
to identify the rebound side. The compression side has no groove.

General shim information

Valve body

Preload reduction shim
Sealing shim
Preload shims

Clamp washer

Figure 16. A typical reservoir shim stack with the standard cupped valve body (part #
01244-01).
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Öhlins shim stack system will offer us
almost endless possibilities.
Depending on where a shim is positioned in the stack it will have different
functions and effects on the damping
curve. The shims are named by their
position. See figure 15 and 16.
Some information is always valid, no
matter what type of damping curves you
are looking for.
Usually the shims in the stack will be
smaller and smaller the farther they are
positioned away from the piston. The
farther away the shims are positioned
from the piston, the less effect they will
have on the initial part of the damping
curve (at lower velocities).
Shims with uniform thickness and diameters that get smaller in even steps
will reduce stress concentration in the
shims, and reduce friction between the
shims when flexing. However, this ideal
is not always possible.
The shims in the reservoir are smaller
than the ones on the main piston. The
i.d. of the shims on the main piston is 12
mm, and in the reservoir the i.d. is 8 mm.
The standard thicknesses are the same:
0.15, 0.20, 0.25 and 0.30 mm. See chapter “Spare parts“, on page 54 for the different o.d:s available.
With the diameters available for the
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main piston it is possible to create stacks
with 2, 4 and 6 mm increments of diameter change in even steps:
For 2 mm spacing use:
38,36,34,32,30,28,26, etc.
For 4 mm spacing use:
38,34,30,26, etc.
For 6 mm spacing use:
38,32,26, etc.
With some combinations it is not possible to have even spacing all the way to
the clamp shim. In those cases it is desirable to reduce the spacing as the
shims get closer to the clamp shim.
A similar approach is used concerning shim thickness. Although uniform
thickness is desirable, many times it is
impossible to achieve a particular damping force without mixing the thicknesses.
If this is the case Öhlins suggests the
larger shims be thinner and progressively
thicker as the shims become smaller.

Sealing shim
After flowing through the piston, the oil
first encounters the sealing shim. This
shim closes the piston ports and must
always be large enough to completely
cover them. For this reason the diameter of the sealing shim is not variable.
The TT44 main piston design requires a
minimum sealing shim diameter of 38
mm for the compression side and 36 mm
for the rebound side.
In the reservoir the sealing shim has a
diameter of 18 mm.
As the sealing shim does cover the
ports, it also acts as a check-valve when
the direction of oil flow reverses. The
thickness of this shim can be adjusted
to give more or less overall damping. The
number of sealing shims can also be
multiplied for additional force but with
some compromise in low damper speed
sensitivity. On the main piston the sealing shim is never preloaded so a thickness change here affects mainly the
slope accompanied by a slight change
to the knee height.
When using the optional cup type main
piston, see chapter “Optional new parts”
on page 53, or the standard valve body
(part # 01244-01) in the reservoir, even
the sealing shim can be preloaded. See
figure 18.

Ring shim and centering shim
The next shims are the centering shim
and the accompanying ring shim. These
shims are only used if preload is desired.
The outside diameter (o.d.) of the main
piston centering shims is 34 mm as
standard for both the compression and
the rebound stack.

Figure 17. Cross section of compression and rebound shim stacks with ring
shim configuration. The preload in the
figure is exaggerated.

If a ring shim system is used in the reservoir this diameter is 15 mm. See below for a description of how the stack is
preloaded if the standard valve body is
used.
The ring shim is positioned concentric
to the centering shim and has the same
i.d. as the o.d. of the centering shim (34
mm). The o.d. of the ring shim is the same
as the sealing shim. Because of the different o.d.:s of the sealing shims used
on the compression and the rebound
side, the two ring shims also have different o.d.:s, 38 mm for compression and
36 mm for rebound.
Ring shims with i.d. 30 mm and o.d.
34 mm are also available. In using these
ring shims, their o.d. will be smaller than
the sealing shim and this will result in the
knee of the damping curve getting more
rounded. Figure 17 illustrates preloaded
compression and rebound stacks.
The reservoir ring shim i.d. is 15 mm
and the o.d. 18 mm.
Ring shims are available in 0.20, 0.25
and 0.30 mm thicknesses. Centering
shims are available in thickness 0.15,
0.20, 025 and 0.30 mm. This will give a
maximum preload of 0.15 mm.
The static preload is calculated by subtracting the thickness of the centering
shim from the thickness of the ring shim.
Example:
A 0.30 mm ring shim minus a 0.20 mm
centering shim equals a 0.10 mm
preload.
As the centering shim is an additional
shim in the stack the overall slope of the
damping curve will be slightly increased
if ring shims are used (the stiffness of the
stack increases). To minimize this side
effect, the same static preload can be
achieved by using a thinner centering
shim with a thinner ring shim, which
equals the same preload. For example a
0.15 mm centering shim can be used

together with a 0.20 mm ring shim, instead of a 0.20 mm centering shim and
a 0.25 mm ring shim.
If you require a higher preload than 0.15
mm, a secondary ring shim combination
can be used. (This is only valid for the
main piston.) To do this, another shim
with the same o.d. as the sealing shim
must be used as a divider between the
two ring shim combinations. It is not necessary that both ring shim combinations
are identical. The total preload can be
calculated by combining the individual
preload at each ring shim.
Note: With 0.30 mm thick preload
shims we recommend that the maximum
total preload is kept below 0.20 mm at
the main piston and 0.10 mm in the reservoir. For thinner shims more preload is
acceptable. In either case more preload
can be tried but the shims need to be
monitored for permanent bending.
If the standard valve body is used in
the reservoir, the preload is achieved by
the offset between the shim sealing seat
and the center land where the preload
shims are clamped (see figure 18). Nominally this offset is 0.40 mm. This distance
is reduced to the wanted preload by adding a stack of shims (preload reduction
shims). For this purpose use only shims
with o.d. 12 mm. Example: 0.05 mm preload is built into the stack by adding
1x0.20 mm and 1x0.15 shim mm giving
a total height of 0.35 mm. 0.40 minus
0.35 equals 0.05 – the desired preload.
If you require negative preload (a twostage stack) on the main piston, it is possible on both compression and rebound
side. Figure 19 illustrates a negative preloaded compression shim stack. Negative preload means that there is a gap
between the ring shim and the following
shims in the stack. These following shims
are sometimes called the second stack.
Negative preload is achieved by using
15
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Figure 18. Cross section of preloaded
reservoir shim stack with standard
cupped valve body. The preload in the
figure is exaggerated.

an extra shim that together with the centering shim has a thickness exceeding
the ring shim thickness. This extra shim
can be placed between the centering
shim and the sealing shim or after the
centering shim if you wish to use the stiffness of the centering shim in the first
stack. This extra shim can be of any o.d.
smaller than the centering shim. The first
stage stiffness is determined by the first
stack only. The second stage stack will
have a stiffness resulting from the whole
stack. Generally a gap of 0.05 mm is
enough. In some cases more gap can
be used. There are two shim combinations that give a 0.05 mm gap. Both combinations use a 0.30 mm ring shim. First
combination uses a 0.20 mm extra shim
and a 0.15 mm centering shim for the
sum of 0.35 height. Second combination uses a 0.15 mm extra shim and a
0.20 mm centering shim. The sum is
again 0.35 mm. The second combination is preferable because the ring shim
has more engagement with the centering shim. See also ”Stack preload” on
page 17 for further information.
Note: Always maximize engagement
between the ring shim and the centering
shim.

Preload shim
A preload shim is just as the name says
always preloaded, even in its static position. The preloading force produced by
the preloading shims is the result of their
spring rate multiplied by the distance
they are prebent. As the ring shim must
be followed by a shim of the same o.d.,
the first preloaded shim will always have
the same o.d. as the ring. Then comes a
variable quantity of shims of various
thickness and diameters. All the shims
following the ring shim except the clamp
shim will be prebent when the shaft nut
is tightened because their centers will be
16

Figure 19. Negative preloaded compression shim stack with a rebound shim
stack without preload. The negative preload in the figure is exaggerated.

clamped solidly to the centering shim
and their edges will rest on the thicker
ring shim. The numerical amount of static
preload is only accurate for shims of the
same o.d. as the ring shim. All smaller
diameter preloaded shims are bent less
as the o.d.’s get smaller. This is why
changing a larger shim has more effect
than changing a smaller shim.
Quite often the majority of shims in the
stack are in the preload category.
In the case of the reservoir, when the
standard valve body part is used the 12
mm diameter shims under the sealing
shim control the preload or lack of preload. These shims are only spacers. All
other shims in the stack are bending
shims. So here even the sealing shim can
be preloaded. The same is true of the
optional cup-type main piston with the
exception of the additional clamp shim.
The static force produced by the preloading shims is determined by their stiffness times their static preload.

Clamp shim / clamp washer
The last shim in the compression and
rebound stack of the main piston is the
clamp shim. Unlike all the previous
shims, the clamp shim never bends or
moves. As its name implies, the function of this shim is to clamp the centers
of all the other shims. It is really just a
solid spacer and when the shaft nut is
tightened it creates a solid column, the
size of its o.d. through all the other shims
clear to the piston surface.
This solid column determines the fulcrum that all the flexing shims bend
about. The power of the clamp shim is
in its variable o.d.. Increasing the clamp
shim diameter moves the fulcrum out
and reduces the amount of unclamped,
flexing part of all the other shims. Moving the fulcrum out towards the piston
ports effectively reduces the amount of

leverage the oil has on the shim, therefore increasing the damping. When reducing the clamp the opposite is also
true.
Varying the clamp shim affects the
entire stack. The knee and slope are
changed simultaneously by varying the
clamp shim. Changing the clamp shim
is very useful if you want to raise or lower
the damping curve without changing the
characteristic of the shim stack.
Note: A maximum clamp diameter of
23 mm for compression and 26 mm for
rebound is recommended.
Sometimes if there are few shims in
the stack, multiple clamp shims can be
used as spacers to allow the stack to
open fully without contacting the valve
stop. For the same reason we suggest a
minimum clamp thickness of 0.30 mm.
The clamp shim diameters are available in 1 mm increments. However, the
percentage of damping change for each
1 mm step increases as the diameters
increase. The reason for this is that, even
though the diameter steps are uniform,
the percentage each 1 mm step encroaches on the remaining unclamped
shims will be greater and greater. Therefore a change from a 20 mm to a 21 mm
clamp will not be as significant as a
change from 21 mm to 22 mm.
In the reservoir there is no clamp shim.
Instead the clamp function is integrated
in the stepped washer (part # 00641-01),
that also has the function of a valve stop.
The stepped washer diameter is 10 mm.

Valve stop
This part provides a rigid base for the
shim stack to work against. Once in a
while the valve stop is used to limit the
amount the shims can bend. It is important that its surface is always flat and
should be checked occasionally with a
precision straight edge. 
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Figure 20. Influence of shim stack stiffness.

I

n the earlier chapters we have discussed the effect of the external adjuster on the damping curve and what
function the different shims have. However, we would like to discuss further
what influence different shim stacks have
on the damping curve.

Stack stiffness
Shim stack stiffness is the same as shim
stack spring rate. In theory the spring
rate increases progressively the further
the shims are flexed, but in practice the
rate is more or less constant.
The stiffness is difficult to measure,
therefore it is never quantified as force/
distance [lbs/inch] or [N/m]. The slope
of the damping curve does reveal the
stiffness of the stack, therefore the stiffness is more often given in force/velocity [lbs s/inch] or [N s/m].
Note: To change the slope of the
damping curve the stack stiffness has
to be changed.
Figure 20 illustrates the effect achieved
by altering just the shim stack stiffness.
The shim stack is modified incrementally to be stiffer and stiffer. Notice the
slope lines are no longer parallel. The
stiffer the stack, the steeper the slope.
Changes in quantity, clamp diameter
and stiffness of the individual shims all
affect the stack stiffness (spring rate):
The stiffness is directly related to the
number of shims. Varying the number
of shims is used to change the slope
if just a small change is needed.
The stiffness increases progressively
with the increase of the clamp diameter. A change of the clamp diameter

is the most powerful tool in changing
the slope of the damping curve and is
only used when larger changes are
needed. See “Clamp shim/clamp
washer” on page 16.

Example 2:
0.25 ÷ 0.15 = 1.67
1.68 cubed = 4.66
Hence:
0.15 x 4.66 shims = one 0.25 shim

Changing the stiffness of the individual
shims can theoretically be done in two
different ways: change o.d. and/or the
thickness. Changing the o.d. is seldom used except for fine tuning.
Changing the thickness is the second
most effective way of changing the
slope. A lot can be gained by understanding how the stiffness is related
to the thickness of the shim.
Read the next few paragraphs carefully!

Example 3:
0.20 ÷ 0.15 = 1.33
1.33 cubed = 2.35
Hence:
0.15 x 2.35 shims = one 0.20 shim

The stiffness of a shim is not linear in
relation to its thickness. If two 0.15 mm
shims are stacked together the stiffness
will not equal one 0.30 mm shim. In fact
it takes a little more than eight 0.15 mm
shims to equal one 0.30 mm shim. To
calculate how many thin shims it takes
to equal one thicker shim the formula is
approximately the same as for comparing the stiffness of dissimilar constant
section beams. The procedure is to divide the thicker shim by the thinner shim
to get the ratio between the thicknesses
of the shims. Then if you cube the thickness ratio you will have an idea of how
many thin shims it takes to equal one
thicker shim.
Example 1:
0.30 ÷ 0.15 = 2.00
2.00 cubed (2.00 x 2.00 x 2.00) = 8.00
Hence:
0.15 x 8.0 shims = one 0.30 shim

Because the shims do not bend exactly
like constant section beams, this formula
gives an answer that is not entirely correct. In reality, the equivalency factor is
slightly more than the result yielded by
the formula. Understanding shim equivalency is very useful if you are trying to hit
specific damping forces. As you can see
the equivalency factors are mostly uneven
numbers. This can be used to your advantage if you need to split the difference
between adding one identical shim or
leaving the stack unchanged. This knowledge will also help you select the appropriate shim thickness for the damping
change you are looking for.

Stack preload
The preload of a shim stack is the distance the shims in the stack are prebent
by ring shims or cup pistons.
The preload always refers to the
amount of prebending of the shim that
is prebent the most. (Depending on the
position in the stack, the shims can have
different amounts of prebending. If a
double ring shim arrangement is used,
only the shims after the second ring shim
will be bent the sum of both preloads.)
In the case of ring shims, preload is
17
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Figure 21. Influence of shim stack preload.
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Figure 22. Influence of shim stack stiffness with preload compensation.

created when the ring shim is thicker than
the centering shim. In the case of the
standard reservoir valve body or a
cupped main piston, the preload is
achieved by the offset between the shim
sealing seat and the center land where
the preload spacer shims are clamped.
The term negative preload is used in
the case of a double stack, where it tells
how much the shim closest to the piston has to open until it bumps into the
remainder of the shims.
Figure 21 illustrates the effect of varying only the ring shim. All the shims in
the stack except the ring shim are left
the same as the original baseline. The
numbers shown at the right edge of the
figure represent the amount of preload
(the static bending on all the preloading
shims with the same o.d. as the ring shim
caused by the difference in thickness of
the ring shim and its centering shim). Increasing the bending of the shims be18

hind the ring shim raises the pressure on
the sealing shim positioned between the
piston and the ring shim. This causes the
knee to move higher and higher up the
theoretical low speed curve. Because the
knee follows the low speed curve, the
knee is not only higher but starts at a
slightly higher damper speed for each
preload change.
The baseline curve is shown as having a preload of 0.05 mm. This could be
achieved with a centering shim of 0.15
mm thickness combined with a ring shim
of 0.20 mm thickness giving a differential of 0.05 mm. The first broken line could
be achieved by increasing the ring shim
to 0.25 mm, which gives a differential of
0.10 mm, etc.
As only the ring shim is changed, the
stiffness of the shim stack will not be affected (the spring rate of the stack remains the same) and the slope lines will
remain parallel to each other. However,

for extreme changes in preload, some
change in the slope would be seen, as
the rate of the stack is progressive.
After all this discussion about preload,
it is important to remember that Öhlins
offers as many non-preloaded shim
combinations as those that are preloaded.

Knee and slope guidelines
The position of the knee depends on the
stiffness of the stack plus the preload of
the stack. The slope is controlled only
by the stiffness of the stack.
The shape of the knee is determined
by the opening characteristic, gradual or
abrupt. The more abrupt the opening
phase, the sharper the knee will be. The
converse is also true.
Note: Even with zero preload there is
still some knee as it still takes a rise in
pressure to open the shim stack.
The zero preload knee is much less pro-

7. Hysteresis
nounced than the knee from a preloaded
stack, but it is still of importance.
When the stack stiffness is increased
and the static preload remains constant,
there will still be an increase in pressure
applied to the sealing shim. The stiffer
shims behind the ring shim are now more
resistant to bending, so more preload
force is created. This also occurs to a
lesser extent with non-pre-loaded shim
stacks. There will also be an increase in
slope as a result of the stiffer shims.
Whether it is changes to preload or
stack stiffness that rises or lowers the
knee, the starting point will always follow the theoretical low speed curve.
Because the low speed curve does not
rise vertically this means a higher knee
will occur at a slightly higher damper
speed, and a lower knee at a slightly
lower damper speed. The only way to

keep the knee opening speed constant
is to compensate by closing the low
speed adjuster a small amount.
If you desire an increase in slope but
not an increase in knee force, this can
be achieved by increasing the stiffness
of the stack (see “Stack stiffness” on
page 17) and then compensate for the
additional preload force by lowering the
static preload. The opposite is also valid.
Sometimes compensation can be
achieved by changing the diameter of
the clamp shim while changing the
thickness and/or quantity of large diameter shims at the same time. This technique works for both preloaded and
non-preloaded shim stacks but is the
only option for non-preloaded shim
stacks. The exact proportion for compensating is best determined with the
help of a damper dyno.

Example: a larger clamp diameter together with a thinner sealing shim and a
smaller diameter of the following shim will
give more slope with a similar knee.
Figure 22 shows the influence of shim
stack stiffness with preload compensation.
If you think the knee force is optimized,
a slope change should not be performed
without including preload compensation.
Also, if you determine the knee needs
to be reduced, increasing the slope at
the same time is sometimes a good idea.
The converse is also true.
When a steep slope is needed together
with a soft opening characteristic a negative preloaded shim stack can be used.
This makes the shim stack open smoothly
and quickly to small movements.
See also “Ring shim and centering
shim” on page 15. 

7. Hysteresis
Force (Pound)
500

400

Compression
Acceleration

300

----- Deceleration
200

100

0

-100

-200

-300

Rebound
-400

-500
-5.0

-4.0

-3.0

-2.0

-1.0

0.0

1.0

2.0

3.0

4.0
5.0
Velocity (inch/sec)

Figure 23. Damping force during a complete sine-wave cycle illustrating hysteresis.

O

n damper graphs there is always a
difference in ascending (acceleration) and descending (deceleration) parts
of the curve. We normally refer to this

area as hysteresis. Technically, the term
hysteresis is related to energy losses but
here we are actually storing energy as
the damper acts like a spring.

Note: In figure 23, negative velocity
illustrates compression, positive rebound.
This delay in damping force build up
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Sine wave damper test

0,6
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Figure 24. Stroke-velocity relation in a typical dyno run. Peak velocity 5 ips and frequency 2 Hz.

All Öhlins dampers, not just the racing dampers, are dyno tested
before they are delivered to the customer.

can always be seen during a complete
sine-wave cycle, even if the bleeds are
closed. So this delay is not related to
leakage but to the hysteresis in the
damper.
Hysteresis is actually compressibility
in the damper system. This delays pressure rise and pressure drop. Hysteresis
affects the performance of the damper.
In formula racing where the damper
strokes are short, you are dependent on
quick damping force build up. Because
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of this, hysteresis needs to be kept to a
minimum.
The compressibility can be classified
into three different groups: elasticity of
the damper parts, compressibility of the
oil itself and compressibility of the gas in
the oil. Also the gas volume causes a
hysteresis effect that might be seen on
the dyno curve depending on how well
the dyno takes care of the gas force compensation. The elasticity of the damper
itself is linear.

The compressibility of the oil itself is
close to linear. However, the gas pressure will affect this part of the hysteresis.
Some hysteresis comes from the compression and expansion of gases in the
oil. Gas bubbles in the oil will be compressed in a very progressive way and
will act almost like a slack in the system.
The gas in the damper is a result of
different factors. Air enters the damper
during the filling procedure and some air
is already integrated with the oil when it
is delivered. But even without air there
will be gas bubbles at low pressures
since the oil contains different additives
that boil at different pressures/temperatures.
When the oil is under low pressure
those additives change to a gaseous
form which create bubbles. There will be
even lower pressure locally at the valves
than the theoretical pressure calculated
from the damping force or measured by
a pressure gauge, ie, due to dynamic
pressure. With dynamic pressure, the oil
volume changes caused by movement
of the main piston not having an immediate pressure response throughout the
entire volume of oil. Gas bubbles can be
prevented by maintaining the recommended nitrogen pressure and by additional damping by the reservoir. See
chapter “Combining main piston and reservoir damping” on page 21.
The amount of hysteresis for a certain
damping force can be very different depending on the size of the piston (eg,
pressure area) and the amount of oil under variation of pressure. The larger the
piston is, the easier it will be to reduce
the hysteresis. This is explained by the
formula F=pA. F is the damping force, p
is the pressure and A is the pressurized
area. For a specified damping force (F) a
smaller area (A) will lead to a higher pressure (p). The higher pressure will compress the oil more. This will cause more
hysteresis. The piston shaft acts as a
small diameter piston sending oil to the
valve in the reservoir. Because the effective pressure area is very small and the
total oil volume is large, there will be a
lot of hysteresis from this portion of the
damping force compared to the damping force produced by the main piston.
How much the delay affects the damping curve is very much related to the
stroke and frequency in the test. When
keeping the maximum velocity constant
and varying the frequency and stroke it
is very obvious that with a short stroke
and a high frequency the hysteresis deforms the damping curve more than long
stroke and low frequency.
In figure 24, the relation between displacement and velocity is shown for a peak
velocity of 5 ips and a frequency of 2 Hz.
Note: The displacement at lower velocities is very small and every delay, slack
in the system is shown very clearly. 
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Figure 25a. Combining main piston and reservoir damping. Example 1. (RES-15-05, RC:2.)

Force (Pound)
500

400

Piston + reservoir
Main piston only

300

200

100
Reservoir only

0
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5
5.0
Velocity (inch/sec)

Figure 25b. Combining main piston and reservoir damping. Example 2. (RES-15-05, RC:8.)

T

he compression damping is the sum
of the damping curves from the main
piston and the one from the reservoir.
Both curves consist of a nose, a knee
and a slope.
In the figures 25a, 25b and 25c the
compression damping from the main piston is the same (Baseline compression
curve).
In the first example the reservoir stack
is preloaded 0.05 mm (stack RES-15-05)
and the reservoir adjuster is set to click
position 2.
In example 2, only the click position of
the reservoir adjuster differs from example 1. Here it is at click position 8.
In the last example, the click position
is back at click position 2, but now the

preload has increased to 0.15 (stack
RES-15-15).
The total damping at a specific speed
is calculated by adding together the main
piston damping and the reservoir damping at that speed.
As mentioned in the chapter about
hysteresis, there will be a difference in
force build up depending on the different stiffness of the two systems.
Assuming that there is no restriction in
the reservoir, the compression damping
force is built up by a pressure drop on
the rebound side of the main piston. By
using a restriction in the reservoir there
will also be a pressure build up on the
compression side of the piston. This results in a quicker pressure build up since

we have a pressure increase on one side
of the piston at the same time as the
pressure is dropping on the other side
of the piston. Note that under these circumstances the reservoir restriction reduces the hysteresis. The amount of reservoir damping needed to achieve quick
damping build up is small and all excessive reservoir damping will cause high
hysteresis.
We can find the exact amount of reservoir damping needed to maximize the
compression damping force build up by
using the available pressure areas in such
a way that the flexing of the damper is
minimized. We call it “balancing” the reservoir damping with the main piston
damping. The method will be described
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Figure 25c. Combining main piston and reservoir damping. Example 3. (RES-15-15), RC:2.)

in the text below.
A damping force is the result of a pressure difference multiplied by actual area.
If we want to maximize the damping

force build up, we have to use all areas
available. By spreading the damping
between the main piston and the reservoir in relation to their area relations, the

damping force build up can be maximized.
The pressure area of the main piston
can be calculated by first calculating the
whole area based on the o.d. of the piston. However, because of the presence
of the shaft on the rebound side all the
oil on the compression side cannot travel
across the piston. To find the pressure
area at the main piston, Apiston, the shaft
area, Ashaft, must be subtracted from the
total piston area. The subtracted shaft
area represents the oil that is forced into
the reservoir. The formulas below describe the theoretical relation between
the total damping, Ftot, and the damping
from the reservoir, Fshaft, if maximum pressure build up is the goal.
Ftot = Dp Ashaft + 2Dp Apiston
Fshaft = Dp Ashaft
Fshaft / Ftot = Ashaft / (Ashaft + 2 Apiston )
For the TT44 the ratio Fshaft / Ftot is 0.07.

The Öhlins four poster rig can reproduce both dynamic and aerodynamic
forces and is widely used by race teams and car manufactures.
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This means that the damping from the
reservoir should be 7% of damping from
the main piston. Normally we recommend a setting, where the reservoir
damping is more like 15% of the total
damping.
If you study the damping force build
up more carefully, you would find it to be
quite complex. However, even if the discussion above is very simplified the result is very useful as a rule of thumb.
Note: There are sometimes situations
where you are not looking for a maximum
build up of damping force.
Since the rebound damping is caused
only by the main piston oil flow, no balancing between the main piston damping and the reservoir damping can take
place. 
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In 1993 Nigel Mansell won the CART championship for the
Newman-Haas team with very special Öhlins dampers. The experience gained with these dampers led to the TT44 design.

H

istorically, dampers were asked only
to provide a comfortable ride. If you
were lucky, driver controllability was enhanced at the same time. With the advent of ground effect aerodynamics in
the late seventies, racing engineers discovered that damper settings are a valuable tool for optimizing “aero” effects. At
the same time the tire companies found
they needed to redesign their tires to take
advantage of the downforce created by
the new ground effect aerodynamics.
The mechanical grip of these new tires
also turned out to be extremely sensitive to damper settings. These developments doubled the number of duties required of dampers of today. The priority
list today for racing damper functions is
“aero” management, mechanical grip,
tire wear, driver controllability and ride
comfort. Dampers have a powerful influence on the performance of your car.
These five damper functions are all interrelated but at the same time optimizing
one of these functions can sabotage
another. A compromise between function goals is many times unavoidable.
Finding the most effective compromise
is the overall goal and will pay dividends
on the racetrack.

Comfort, grip and control
These five goals are so tightly interwoven that most of the time it is very difficult to make a damping change and then
properly assign the performance gain or
loss to the correct category. For example, let us say you have added some extra compression damping to the front
dampers and now the front tires have
gained grip. The question is did we create pure mechanical grip from the tires
or is the gain from improved aerodynamics or from better dynamic fore/aft pitch

control or possibly a higher dynamic ride
height or center of gravity which could
also change dynamic roll centers. It is
not essential to know the exact cause
and effect, but it is possible through a
cleverly planned sequence of subsequent tests to better isolate the gain and
assign it to the right category. If this is
achieved, the focus of further testing will
be more on target and the possibility of
a wayward theory will be minimized.
All this may sound too hypothetical but
rest assured if you optimize the aerodynamic potential without compromising
the grip and then find the mechanical
balance by adjusting the springs, swaybars, etc. the driver controllability will
most likely be there automatically. The
ride comfort may be compromised but
do not be too concerned. Even though
Öhlins dampers generally produce an
improved ride quality, we have found that
damper settings that give too much comfort cannot provide optimum grip or controllability.

Ground effect cars
In this ground effect age, dampers can
maximize the amount of downforce generated by the underside of the car by
assisting in maintaining a constant air
gap between the underside and the
ground. Today we have basically two
types of formula car ground effect configurations, tunnels and flat bottoms.
With both types the clearance between
the underside and the ground is very critical. Generally there is a ride height “sweet
spot” that is favourable for generating
high downforce with a minimum of “aero”
drag. The problem is that this “sweet
spot” is very close to the ground. Good
damper settings will keep the car at this
ideal ride height a higher percentage of

the time through most dynamic conditions without allowing the underside to
contact the ground (bottoming).
With both tunnel and flat bottom cars
the center of the downforce is found
where the geometry of the underside
comes closest to the ground. With either type of car the center of downforce
migrates with any change in pitch angle
in relation to the ground caused by braking, cornering or acceleration. This migration of the center of downforce alters
the handling balance by increasing the
downforce towards the direction of migration and reducing the downforce
away from the migration. Therefore,
added tire grip will occur at the end of
the car that moves closer to the ground.
Tunnel cars have far less downforce
migration than flat bottom cars because
the contour of the tunnel is curved in the
shape of a venturi with a raised entry that
curves down to a short flat area followed
by a long, slowly enlarging exit. Tunnels
are generally positioned near the vehicle center of gravity. The tunnel flat part
is in the closest proximity to the ground
and that is where the center of downforce
occurs. When the car pitches fore or aft
this part of the tunnel primarily rocks
back and forth and does not raise or
lower significantly. Tunnels minimize
downforce migration.

Flat bottom with diffusers
On the other hand, flat bottom cars with
diffusers can have the downforce migrate
from just ahead of the diffuser at the back
all the way to the tip of the nose under
braking. For cars with raised noses the
migration will essentially stop where the
underside begins to move away from the
ground. Flat bottom cars are much more
sensitive to static and dynamic pitch
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torsional stiffness in its chassis than another. To compensate for this the car with
lower chassis stiffness will require more
compression damping to make the suspension pressure sum high enough. An
indicator of too much suspension pressure is controllable sliding at all speeds
and all phases throughout the turns (flat
sliding).

Grip and rebound damping

Today the Öhlins TT44 design is used in touring car racing and have
even been tested on bikes. The picture is showing a BTCC front strut.

changes than ground effect cars.
Damper settings for flat bottom cars
therefore need to be biased more towards pitch control than the settings for
tunnel cars.
Both tunnel and flat bottom cars can
also benefit by keeping the underside
parallel to the ground, side to side, while
cornering. In this case the downforce
migrates from side to side but also will
diminish substantially if the inside of the
car raises away from the ground. For cars
that turn only one direction as on an oval,
sometimes higher corner speed can be
achieved by increasing the compression
damping and reducing the rebound on
the right side (outside) and the opposite
on the left side (inside).

Grip and compression damping
Compared to aerodynamics, understanding the dynamics of tire grip is more
elusive and the perceived rules change
from one type of tire to another. It seems
tire grip is created when the tire is
pressed into the track surface enough
to cause the rubber to interlock with the
grain of the pavement. Not enough com24

pression damping allows the tire to move
freer and ride up on top of the pavement
grain, metaphorically similar to “dry aquaplaning”. As the compression damping is increased the tire will interlock with
the pavement and grip will increase. If
the damping is further increased incrementally, eventually the grip will stop improving and begin to go down. This is
mainly caused by too much pressure
from the suspension that overheats the
tire or compresses it too much, giving
unduly high tire load variations. Keep in
mind that the suspension pressure the
tire feels is the sum of the compression
damping, the spring rate, the sway-bar
rate and possibly the torsional rigidity of
the chassis. If the pressure sum seems
to be optimized for grip but for other reasons it is indicated that one component
of the sum needs to be increased, another component may need to be reduced. For instance, a higher spring rate
may be necessary to reduce fore and aft
pitching. In order to make the stiffer
spring work properly the compression
damping may need to be reduced. In
another case one car might have less

Grip in relation to rebound damping
works in a slightly different manner. Rebound damping only occurs after there
has been some compression of the
damper and spring. The pavement grain
constantly causes small wheel movements of the suspension system. The rebound damping controls the expansion
in these small displacements. If the rebound damping is excessive, the expansion will be too slow leading to a loss of
grip. This type of grip loss will be particularly noticeable in rear tire forward
traction with the application of power.
Cornering grip will not be as dramatically
effected as forward traction.
If a lot of rebound damping is used the
suspension will be dynamically pumped
down which can improve the aerodynamic downforce. If there is enough
“aero” gain it can more than offset any
loss of grip due to slow rebound recovery. When this approach is used compression damping is generally reduced at the
same time to help the pumping down. We
have seen success with this approach,
but today most teams are pursuing the
high compression, low rebound technique
with even better results. Both philosophies
have their place. It seems that in the
classes where the downforce potential is
much less, the proportion between compression and rebound damping leans towards less compression and more rebound damping.

Qualifying or race
In most cases vehicle stability will be quite
acceptable when the damper has been
adjusted for optimum “aero” and grip
management. Sometimes “aero” and grip
need to be slightly compromised in order
to adapt to the style of different drivers. In
the final analysis a car that is more driver
friendly will prevail over a car with ultimate
grip that is also nervous.
Sometimes settings that are good for
qualifying can be too hard on tires after a
lot of laps. Our experience suggests slightly
more compliant damper settings for the
race than those used during qualifying.
One final word about ride comfort.
Harshness is either from a suspension
that is too stiff to comply with bumps or
from a suspension that shakes because
of inadequate damping. Deciding which
condition exists in your car plus a review
of your damper settings can guide you
in solving harshness problems. 
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Öhlins distributors worldwide have specification
cards available with recommended damper settings.

R

acecar set-ups as well as track conditions can vary in an endless
number of ways. There is no information
available about the optimum damper set
up for just your car. However, to help you,
Öhlins distributors worldwide have
specification cards available with recommended damper settings. These settings
are track proven with good results for
racecars with their manufacturer’s standard configurations.
Öhlins does not suggest that these settings are perfect and cannot be improved, but we recommend them as a
point at which to start testing. The spec.
cards give information about valving as
well as clicker settings. For most vehicle
classes both road course and oval settings are available. Sometimes recommendations for springs are also available.
Note: Dampers delivered by the distributor are usually valved and adjusted
for road courses with the exception of
IRL dampers (Indy Racing League). The
dampers can usually be modified by the
distributor to almost any setting the customer desires.

Updated continually
The information on the spec. cards is
updated continually. Make sure you have
the latest version of the spec. cards. The
older the design date on the spec. card
is, the greater the possibility of a later,
improved spec. card.
For quality control, all Öhlins TT44

dampers are dyno tested at least once
before they are delivered to the customer.
They are first tested at the Öhlins factory
in Sweden. At the Öhlins factory, the
dampers are always tested with the settings according to the specification
cards. At our distributors the settings
may be changed by request or updated,
then before delivery the dampers are
tested a second time.

Standard or modified
If track testing indicates that your racecar
works best at clicker positions far away
from the spec. card suggestions, this is
a clue indicating that the internal shim
stacks are not quite right for your application. Undesirable handling characteristics also suggest that a shim stack
modification is in order.
If your car is modified from “standard”
it is difficult to predict how much the
damping needs to be changed from the
standard settings. However, if the modification is to the damper rocker ratio,
compensating damping force for a new
ratio can be calculated. Having intimate
knowledge of your damper mounting
geometry is the key to predicting the
proper amount of damping forces.

Rockers and click settings
When it comes to proper clicker settings
in relation to damper rocker ratios, Öhlins
has some general rules. For racecars
with damper/wheel rocker ratios of

around 1.0, we recommend for low
speed compression (LSC) a clicker
range of 6 to 12 clicks. For low speed
rebound (LSR) 15 to 25 clicks is a good
starting range.
If your rocker ratio moves the damper
slower than the wheel the clickers will
need to be set to lower numbers to give
more low speed damping. The reason
is the wheel has mechanical leverage
over the damper and the damping
forces at the damper will end up less
effective at the wheel. In addition, the
leverage also causes the damper piston speed to be lower. Thus the original
damping must be multiplied by the
change factor and then the new damping force must be moved to a lower piston speed this time dividing the speed
by the same factor.
Tightening the clicker will achieve
more damping at a lower speed. However, more often than not, shim settings
need to be changed to compensate for
leverage changes.
Conversely, if your rocker ratio moves
the damper faster than the wheel the
clickers need to be set to higher numbers to give less low speed damping and
the damping change factor now needs
to divide the original damping and multiply the piston speed.
Öhlins technicians can help you calculate damping curves necessary to
compensate for changes in damper/
wheel rocker ratios. 
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In the CART championship the Öhlins TT44 is the favourite! Almost 80% of the teams are using the Öhlins design
and the results speak for themselves.

I

t is not our intention in this chapter to
cover all questions about how to adjust the dampers for different damperrelated handling problems. However, we
offer some basic rules that can help you
setting up the car.
Note: If your racecar has handling
problems, determine first if it is damperrelated or not.
Because dampers have in recent years
proved to have such a profound influence on handling, some race engineers
have got into the habit of tuning the
dampers first before making “aero” or
mechanical adjustments. As damper
manufacturers we are flattered, but there
are limits to the problems that can be
solved by damping adjustments. In all
cases, if a problem can be improved by
aero or mechanical changes it is wise to
make those changes first.

Working method
To make improvements, it is important
to understand the function of the dampers and then through testing learn how
the dampers influence the handling of
your car. When making adjustments,
keep notes, make adjustments one at a
time and in small steps. Always pay attention to changes in conditions like tire
wear, track temperatures, time of day,
etc. At the end of the test session, go
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back, if possible, to the starting set up
to double check that an improvement
has actually been achieved.
We recommend limiting changes of the
low speed adjusters to steps of no more
than 5 clicks at the time. Too large a
change can jump right over the optimum
setting and sometimes result in similar
handling as the original setting. We normally recommend changes of 2 to 3
clicks. When you are near the optimum
setting the driver can detect one click in
either direction. When both compression
and rebound are near optimum a final
adjustment might require a trade of one
less rebound click for one more compression click or the reverse.

Damping changes
A logical reason for opening only the
compression low speed adjuster could
be a desire to reduce harshness or to
slow down turn-in or to search for more
mechanical grip. The limits to how far the
low speed adjusters can be opened are
the side effects like instability, bottoming,
lazy turn-in, not enough roll support,
braking problems or loss of grip.
Opening the low speed rebound adjuster usually results in more grip, especially in the rear during power-down conditions.
Compelling reasons for raising the knee

might be to compensate for a rocker ratio change that moves the damper slower.
This rocker condition will require more
damping at lower speeds and a higher
knee will provide it. Another reason might
be that after optimizing the low speed
adjuster for harshness the knee is delayed
enough in the speed spectrum to warrant
raising the knee for additional support.
The opposite of these examples should
also be considered. Lowering the knee
can reduce harshness.
Raising the knee height by increasing
the preload can be an effective way to
control the underside rake angle, in either the front or rear.
The more pronounced knee you, have
the more feedback the driver will get.
There is often a trade off between feedback and grip/traction.
Negative preload (both compression and
rebound) often helps under low grip conditions.
Reducing the compression slope
might be called for on bumpy street
courses if your car has difficulty absorbing bumps causing harshness.
You might want to increase the compression slope if the car bottoms easily
or if roll support seems inadequate. This
could also be advantageous on bumpy
circuits where bumps cause big chassis
movements. 
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T

his chapter describes how to work
with the TT44 damper. For the areas
not described here, we recommend you
to contact Öhlins or an Öhlins distributor. Two alternative methods for reshimming the main piston will be described.
The difference is in how to control the

gas volume in the damper unit. The basic method is foolproof. However, as you
gain confidence and can carry out the
first method without needing to adjust
the oil level afterwards, the floating piston can be positioned using an alternate
technique. This alternate method can

save time and is just as accurate.
The use of Öhlins original spare parts
will guarantee maximum performance
out of your dampers.
Also make sure that you have all the
necessary tools before you start working on the dampers. 
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Service tools, oil & grease
Pos.

Part #

Pcs.

1
2
3
4
5
6

00773-01
00727-03
00738-01
00737-04
01771-01
01772-02
01772-01
01764-01
00254-02
01781-01
00778-01
00720-02
00720-03
01776-01
01761-01
01762-01
01782-01
00745-15
00745-20
00745-25
00745-30
00146-01
00147-01
00105-01

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

7
8
9
10
11
12
13
14
15
16
17

18
19
20

Description

Type/remarks

Vice
Jaws for piston shaft
Spanner for reservoir
Sleeve for reservoir
Wrench for lock nut (63 mm)
Wrench for lock nut (23 mm)
Wrench for lock nut (23 mm), steel
Wrench for needle housing
Allen key for bleed knobs (1.3 mm)
Pressure gauge
Needle
Floating piston positioning tool
Disassembly tool for reservoir cap
Oil cup
Wrench for cylinder cap
Spring preloader
Tool box
Set of shims (0.15 mm)
Set of shims (0.20 mm)
Set of shims (0.25 mm)
Set of shims (0.30 mm)
Öhlins red grease (100g)
Öhlins white grease (100g)
Öhlins damper oil (1 l)

16
17

18 19

20
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12. Work section / Main piston reshimming

Main piston reshimming,
basic method

C

Disassembly
Caution!
Before starting the reshimming
procedure, it is of the utmost importance that the work area is
completely clean and free from
dust and dirt.
Contamination is the primary
enemy of dampers. Do not use
any shop rags around internal
damper parts because lint will find
its way inside the assembled
damper. Öhlins recommends lintfree paper only.

A

✓ Mount the body eye in a vice
with soft jaws or use Öhlins vice
(part # 00773-01).

D

✓ Remove the screw and O-ring
from the reservoir end cap
whether piggyback or remote
style.

B

Use Öhlins needle system (part
#01781-01) to depressurize the
damper.

WARNING
Releasing high-pressure gas can
be hazardous. Never perform any
service until the gas pressure has
been released from the damper.
✓ Make sure that the needle is undamaged by checking for burrs
around the sharp tip.
✓ Apply some Öhlins red grease
(part #00146-01) to the tip before
inserting it into the rubber membrane in the reservoir end cap.
✓ Insert the needle near the center
of the rubber and parallel with the
axis of the reservoir.
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Caution!

F

If the needle goes in part way and
stops it means the needle was not
parallel and has collided with the
membrane housing. When this
happens there is a risk that the tip
of the needle will be damaged.

✓ When the needle is successfully
inserted, thread the needle housing into the reservoir end cap.

✓ Pull straight up with a slight wiggling motion to remove the cap.

G

✓ Attach the quick-connect hose
without the gauge to vent the
damper.

This should be done by pushing
the mid part of the circlip down
into the reservoir so the sharp
ends of the circlip swing up. If the
sharp ends of the circlip are
pushed down into the reservoir or
if a tool is used, the inside wall of
the reservoir may be damaged.
This can cause a nitrogen leak.

✓ Turn the bleed adjusters on the
damper body to fully open and
close the reservoir bleed.
The open rebound bleed will make
it easier to remove the shaft-piston assembly from the body. The
open compression bleed will
make it easier to reinstall the assembly later on. The closed reservoir bleed will reduce the
amount of oil leaking into the reservoir when installing and bleeding the piston.

✓ Remove the needle housing
and connector hose.

✓ Push the reservoir end cap
down with your fingers and remove the circlip.

✓ Insert the special removal tool
(part # 00720-03) by threading it
into the reservoir end cap.

H

✓ If the oil cup (part # 01776-01)
is used to avoid spillage, slide it
onto the top of the damper body
now.
✓ By using Öhlins special wrench
(part # 01761-01) unscrew the
cylinder cap.

If the reservoir end cap is stuck,
install the removal tool (part #
00720-03) shown in the next
photo and tap the end of it with a
soft mallet. Once it is dislodged
the circlip can be removed as described above.
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I

✓ Carefully pull the shaft assembly out of the body.

A

Do not pull too aggressively, as
this will aerate the oil.
If the shaft assembly resists coming out of damper, you probably
forgot to open the rebound bleed
adjuster.

J

✓ Wipe the oil from the shaft assembly and mount it vertically in
either the Öhlins vice or the special shaft jaws (part #00727-03).

B

If you remove the ball joint spacers
the end eye can be clamped in a
normal vice with soft jaws.
✓ Unscrew the nut from the end
of the shaft with a 17 mm wrench.
✓ Remove the old rebound shims,
piston and compression shims.

Assembly
Caution!

Groove
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The face of one side of the piston
has a circular groove machined into
it to identify the side of the rebound
stack. This side of the piston and
the side of the rebound valve stop
(part # 00519-02) with the large
chamfer on the center hole should
face towards the lock nut.

C
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✓ Select, inspect and measure
every shim to be used in the new
stack.

D

✓ Place every shim to be included
in the stack on a line in the right
order and make a final check.

✓ Turn the piston until the gap in
the piston ring is visible near the
top (still submerged).

The piston is flat on both sides
providing easy control of the condition of the sealing surfaces, just
lightly lap the piston against some
600 grit wet/dry paper on top of a
surface plate.

✓ Tighten the lock nut. Torque: 22
lbs.ft. (30 Nm).

✓ Place the shaft assembly into
the damper body at about a 45°
angle to submerge the piston in
the oil.

✓ Slowly rotate the shaft back and
forth until all the bubbles have
escaped from behind the piston
ring.

E

✓ Tip the shaft up to vertical and
ease the piston into the inner tube.
✓ Aggressively push the shaft into
the oil and slowly return it to it’s
starting point near the top of the
inner tube.

Caution!
Over torqueing can crush the valve
stops and/or piston. This will compromise the repeatability normally
enjoyed with Öhlins dampers.

✓ Repeat this a few times until the
oil looks clear.

✓ Make sure the locking device
in the lock nut is fully engaged on
the threads.
Adjust this by adding or subtracting washers (part # 00578-01)
between the nut and the rebound
valve stop. Always try to maximize
the number of washers (part #
00578-01) to minimize the risk of
burrs caused by the looking device of the lock nut.

✓ Add some oil into the damper
body until the oil level is just above
the inner tube.

F

✓ Close the compression adjuster
on the damper body.
The closed compression bleed
and reservoir bleed (already
closed) will make it easier to release the trapped air in the piston.
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G

✓ Tap briskly on the shaft end eye
a few times with a plastic mallet
to force the submerged compression shims to open and release
the air trapped in the piston.

J

Caution!
Be sure to hold the shaft assembly in line with the damper body,
so as not to damage the inner
tube.

H

✓ Screw the special positioning
tool (part #00720-02) into the reservoir floating piston.

K

✓ Loosen the thumbscrew on the
sliding plate.

I

✓ Push the positioning tool down
forcing the floating piston all the
way to the bottom of the reservoir.
✓ Move the sliding plate down
against the reservoir tube and lock
it with the thumbscrew.
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✓ Open the compression and reservoir adjusters completely.

M

✓ Position the piston at the top of
the inner tube.

The positioning tool has moved
out of the reservoir in proportion
to the displaced oil.
✓ Measure the distance between
the reservoir body and the sliding
plate on the positioning tool.

✓ Add more oil until you can
scrape the remaining bubbles
over the edge of the top of the
body.

✓ The gap should be between 4
and 8 mm. This dimension is not
critical as long as it is within this
range.

Note
If the gap is within the tolerance,
you can skip the text below and
go directly to step p. If the gap is
out of tolerance, the oil volume is
incorrect. The following text describes how to adjust the oil volume.

✓ Rotate the cylinder cap slowly
(to prevent sticking), as you slide
it down the shaft until it touches
the compression valve stop (with
the piston still at the top of the inner tube).

N

If so:
✓ Carefully loosen the small bleed
screw on the reservoir, but do not
remove it completely.

✓ Gently push the piston, shaft
and cylinder cap as a unit into the
body until the cap stops. This
leaves about two threads showing before the O-ring engages the
body.

✓ Pressurize the damper by pushing on the positioning tool until oil
leaks out around the bleed screw.
Continue pushing until the gap to
the tool is about right.

If the oil overflowing from the cap
during this step does not appear
clear, then this step must be repeated after more oil has been
added in the body.

✓ Screw the cylinder cap into the
body and tighten it. Torque: 22
lbs.ft. (30 Nm).
Once the cylinder cap O-ring seals
the body, the rest of the tightening will cause the volume of the
cap to displace some oil into the
reservoir.

More than 8 mm gap indicates
that there is too much oil in the
reservoir.

✓ Tighten the bleed screw without releasing pressure on the positioning tool.

O

Less than 4 mm gap indicates that
there is too little oil in the reservoir.
If so:
✓ Remove the cylinder cap again.
✓ Loosen the thumbscrew on the
sliding plate and push the reservoir floating piston all the way to
the bottom.
✓ With the thumbscrew lock the
sliding plate again.
✓ With the tool, pull the floating
piston slightly away from the bottom of the reservoir.
✓ This will add some extra oil volume in the reservoir. Add oil to the
edge of the top of the body.
✓ Repeat step K.

33

12. Work section / Main piston reshimming

P

✓ Unscrew the positioning tool
from the floating piston.
✓ Install the reservoir end cap and
circlip with your fingers. No tools
are necessary and will only increase the risk of damage.

Q

✓ Insert the needle system again
as described in step “Disassembly” B, and thread the needle
housing into the reservoir end cap.
✓ Attach the quick-connect hose,
followed by the quick-connect
gauge and charge the damper
with nitrogen to the desired pressure, normally between 10 and 15
bar (150 and 225 psi).

WARNING
Use of inflammable gas for pressuring the damper unit can be hazardous. Use nitrogen gas (N2 ) only!
✓ Disconnect the gauge and hose
as a unit at the quick-connect
coupling between the hose and
needle housing. If you disconnect
the gauge only, the nitrogen will
be free to escape.

R

✓ Remove the oil cup.
✓ Reinstall the screw and the Oring in the end cap to protect the
rubber membrane.
✓ Set the adjusters to the desired
clicker positions.
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Main piston reshimming,
alternate method

A

Reservoir reshimming
Disassembly
✓ Release the nitrogen pressure
from the reservoir using the needle system.

Disassembly
✓ Follow original steps A - B.
However, on dampers where you
are able to later on unscrew the
end cap of the damper body without removing the needle housing
and connector hose, they do not
have to be removed after depressurizing the damper.

See section “Disassembly” in
chapter “Main piston reshimming,
basic method”, on page 28, for
more details about how to depressurize the unit. The needle housing and quick-connect hose do
not have to be removed from the
reservoir after depressurizing.

✓ Skip steps C - F.
✓ Follow steps G - J.

Assembly
✓ Follow steps A - G.

B

✓ Reinstall the complete needle
system and charge the reservoir
enough to force the floating piston to the bottom of the reservoir.

Note
Mount the damper in the vice so
the body contacts the side of the
vice jaws. This will help keep the
body from rotating when you
loosen the reservoir end piece.

You should see the oil level in the
body rise a small distance. If the
oil does not rise do not worry.
Sometimes the floating piston will
be pulled to the bottom just from
the vacuum created when the
shaft assembly is removed from
the body.

✓ Turn the black knob counterclockwise to fully open.
By opening the reservoir adjuster
there is no risk of bruising the needle seat bolt when later on tightening the end piece.

✓ Release the nitrogen by disconnecting the gauge from the hose,
or if necessary later on to be able
to mount the end cup of the
damper body, remove the whole
gauge assembly.
An air gun can normally do the
same job by just blowing pressurized air directly into the quickconnect hose. To get the pressure
needed, use compressed air of at
least 6 bar (90 psi) and make sure
you have no major leak between
the airgun and the hose.
✓ Skip steps H and I.
✓ Follow steps J - L.
✓ Skip steps M - P.
✓ Follow steps Q - R.

✓ With the black reservoir knob
pointing upwards, gently grip the
reservoir in a vice with soft jaws.

✓ Remove the small Phillips screw
from the center of the knob and
lift off the knob.

C
✓ Before removing the end piece,
wipe away all dirt from around this
area.
✓ With a 17 mm wrench remove
the reservoir end piece.
✓ Before you lift out the valve
body, add enough oil to the open
valve cavity to make sure the passageway to the main body is always covered with oil.
By adding oil, air is prevented from
entering the main body while you
remove the valve body.
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D

✓ With some small pliers reach
into the oil and grip the valve by
the two flats near the center and
lift out the valve.
This can also be achieved with a
small screwdriver at a slight angle and some side pressure on the
inside of the cup that covers the
check valve. Maintaining the side
pressure, slowly pull straight up
until the valve is out.

E

✓ Unscrew the needle seat bolt
and disassemble the valve.
Use a 13 mm wrench on the needle seat bolt and an 8 mm wrench
on the flats on the valve body. Position the wrenches so both can
be squeezed by one hand to
loosen the needle seat bolt. With
the thumb and forefinger of your
other hand squeeze both sides of
the valve assembly so the wrenches will not jump off.

Optional technique to
secure the seat condition
This step is of importance only if
you suspect damage or if you are
unsure about the seat condition.

F

✓ Using a figure-eight motion
lightly lap the valve piston seat
against some 600 grit wet/dry paper on top of a surface plate.
Lap just enough to remove the
black oxide coating but no more.
✓ Wash the valve with brake
cleaner or solvent and dry it with
an air hose.
This procedure is a good idea
even with brand-new parts.
✓ After it is dry shake the valve
and listen for any rattling of the
one-way check valve.
Rattling indicates that the wave
washer return spring has deformed permanently. If it rattles it
should be replaced or dismantled
and repaired.
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Optional matching
technique

B

This technique will give a smaller
tolerance of the shim stack preload, making it easier to match
dampers.

✓ Tighten the two parts together.
Torque: 4.5 lbs.ft. (6 Nm).

✓ Lap the valve bodies, using a
figure-eight motion, against some
600 grit wet/dry paper on top of a
surface plate so they will end up
having the same offset between
the sealing seat and the center
land where the preload shims are
clamped.

Optional matching
technique
This technique is intended to allow the needle to align the valve
assembly when the end piece is
tightened. By using this technique
the risk of the needle getting
rubbed by the needle seat bolt at
low click positions numbers is reduced. Also when it comes to
matching dampers some improvements can be made.

We suggest you rotate the valve
body in relation to your fingers
every few figure-eight movements.

Nominally this offset is 0.40 mm.
Sometimes the offset is more like
0.42.

✓ Assemble the valve body and
the needle seat bolt upside down
to keep the shims from falling off
the shoulders of the bolt.

C

✓ Hold the end piece and valve
body together exactly like they will
be oriented when installed.
✓ Close the adjuster until the needle is pushing the two pieces
apart.

Note
The offset can be checked with a
depth micrometer resting on the
valve seat and measuring down to
the center land. It is not so important to lap the valves down to the
nominal 0.40 as it is to make them
all the same.

✓ Go back one click and the two
pieces will again touch each other.

Caution!
If the needle is closed too far the
needle and the needle seat bolt
will be broached as the end piece
is tightened.
The parts are now ready for installation.

Assembly
✓ Select, inspect and measure
every shim to be used in the new
stack.
✓ Place every shim to be included
in the stack on a line in the right
order and make a final check.
✓ Mount the stepped washer on
the needle seat bolt.
The stepped washer should be
mounted in the direction of the
smaller o.d. (10 mm) pointing upwards against the shim stack.
✓ Mount the stack on the bolt.
The last shim is always of type o.d.
12 mm to reduce the preload.

D

✓ Drop the valve assembly into
the reservoir cavity.
✓ When the valve is aligned with
its bore, and with a blunt punch
covering the center bleed orifice,
push it to its seat as quickly as
possible. This will open the return
check-valve and release some
trapped air.
✓ Before installing the end piece,
wrap a paper towel around the
perimeter of the cavity, as there
will be some oil overflow.
✓ Add some oil if necessary to
guarantee oil overflow to purge
trapped air.
✓ Now thread in the end piece and
tighten it. Torque: 12 lbs.ft. (18
Nm).
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Optional matching
technique

A

This technique is intended to better match dampers with the same
clicker settings.
✓ Before tightening the end piece,
check to make sure the adjuster
needle is free.
✓ Continue tightening little by little to verify the needle is still free.
✓ As you do this, check to see
how close the first click position
is to fully closed. Within reason,
the more the cap is tightened the
closer the first click will be to fully
closed.
However, since the torque should
not vary too much from 12 lbs.ft.,
it should be in the range of 9-15
lbs.ft. (12-20 Nm), this method has
some limits.
✓ Reinstall black knob with the
small Phillips screw.

B

✓ Insert needle refill system and
recharge with nitrogen. See section “Assembly” in chapter “Main
piston reshimming, basic method”
for more details about how to
pressurize the unit.
✓ Reinstall the screw and O-ring
to protect the rubber membrane.

HSC adjuster installation
The HSC adjuster is normally sold
as a separate kit. This means that
the customer or the distributor will
install it. If you plan to do it yourself, the following text gives guidance.
Two different springs are available
and therefore a short separate
section is included on how to do
a spring change.
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Disassembly
✓ Disassemble the damper as if
you intend to make a standard
valving change. See “Main piston
reshimming” on page 28.

D

✓ Turn the shaft upside down and
tap the shaft lightly on the bench
to remove the spring, the poppet
valve and the bronze bushing.
The valve seat does not need to
be removed from the shaft.

✓ Remove the compression valve
stop, the internal travel limiting
spacers (if any) and the end cap
as a unit.

✓ Wash all parts thoroughly even
though they are new and make
sure they are internally and externally clean.

✓ Compare the new and the old
parts to check that lengths match.
✓ Mount the new HSC adjuster
end eye in a vice with the shaft
pointing upwards.
✓ Loosen the lock nut with the
special 23 mm wrench (part #
01772-02).

✓ Remove the end eye from the
shaft.

A

✓ Hold the HSC adjuster shaft with
the special clamp blocks (part #
00727-03) in a vice.

Assembly
✓ Reinstall the bronze bushing by
dropping it into the shaft.
✓ Look for the chamfer on one
end of the bore. Install the bushing with the chamfer pointing towards the end of the end eye.

✓ Loosen the hex on the adjuster
seal cap with a 10 mm wrench.
You may have to turn the adjuster
wheel clockwise (reverse thread)
to make room for the wrench.

✓ Install the poppet valve with the
flat end towards the piston.
✓ Install the spring.

✓ Remove the entire adjuster assembly mechanism.
Be careful not to lose the cross
pin found at the bottom of the
adjuster assembly. If the cross pin
does fall out it can be reinstalled
in any hole, as there is no indexing of the pin.

B

✓ Lower the adjuster assembly
mechanism into the shaft. It
should go all the way down until
the external O-ring of the seal cap
reaches the end of the shaft. See
the photo.

Caution!
If the seal cap sits higher, there is
a risk that the poppet valve, the
spring and the adjuster are misaligned. In that case, withdraw the
mechanism slightly and shake the
mechanism and the shaft until
parts fall in place.
✓ Tighten the seal cap loosely in
the shaft.
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C

✓ Turn the adjuster wheel counterclockwise until it touches the
seal cap (as in the photo).

F

The adjuster wheel is set by reaching in with a 2 mm pin through the
little aperture in the end eye, engage the holes on the perimeter
of the adjuster wheel.

Caution!
If the adjuster wheel is not close to
the seat cap, there is a risk the adjuster mechanism will be crushed
when installing the eye.

D

✓ Install the end eye, but do not
tighten it on the shaft, but do lock
the end eye to the shaft with the
lock nut.

G

✓ Reinstall the original parts from
the 3-way adjuster shaft on the
HSC adjuster shaft in the reverse
order: the end cap, the internal
travel limiting spacers (if any), the
compression valve stop, the compression shim stack etc.

Note
The HSC adjuster will probably not
be used together with the original
compression shim. In chapter
“High speed compression adjuster” there is a discussion about
the various options to be considered for use in conjunction with
the HSC adjuster.

E

✓ Install the HSC adjuster shaft
in the damper and tighten the end
cap as on a conventional 3-way
adjustable damper.

Note
It may not be possible to purge
air from the piston by tapping on
the end of the end eye with a soft
mallet during assembly unless the
poppet valve is held closed. Turning the adjuster wheel several
sweeps clockwise (if you view the
damper from the end of the end
eye) does this. There are two clicks
per sweep.
Do not inflate the reservoir at this
time.

40

H

12. Work section
✓ Again remove the end eye.
✓ Turn the adjuster wheel clockwise to make room for a wrench if
necessary.
✓ Loosen the seal cap of the HSC
adjuster with a 10 mm wrench.
It may be necessary to hold the
shaft in clamp blocks if the seal
cap would not thread out without
turning the shaft.
✓ With the damper vertical in a
vice, with the shaft upwards, remove the adjuster assembly
mechanism. Do not remove the
spring and the poppet valve.
✓ Pour a small amount of damper
oil into the shaft until it is full.

✓ Turn the adjuster wheel clockwise to lengthen the adjuster assembly mechanism.
✓ Slide the seal cap up along the
adjuster rod until it touches the adjuster wheel, so there is a gap between the seal cap and the tubular spacer.
✓ Slowly slide the adjuster assembly mechanism back into the
shaft, while keeping an eye on the
gap under the seal cap.
As the mechanism slides into the
shaft, oil will overflow from the gap
under the seal cap. This oil should
be free of air bubbles before the
mechanism is all the way to the
bottom.

✓ Tighten the seal cap with a 10
mm wrench, while holding the
shaft with the clamp blocks in a
vice. Torque: 4.5 lbs.ft. (6 Nm). Be
careful not to over tighten.
✓ Again turn the adjuster wheel
counterclockwise until it touches
the seal cap.
✓ Reinstall the end eye by tightening it on the shaft by hand and
lock the end eye to the shaft with
the lock nut. Torque: 37 lbs.ft. (50
Nm).
✓ Inflate the reservoir with nitrogen. See the section “Assembly”
in chapter “Main piston reshimming, basic method”, on page 28
for details about how to pressurize the unit.
✓ Set the external adjusters to the
desired click positions.

Optional HSC adjuster
spring change
This section will just briefly describe how
to do a spring change of the HSC adjuster. The text assumes that you already
have read chapter “Optional HSC adjuster
installation”, on page 39.
✓ Depressurize the damper.
✓ Remove the end eye.
✓ Loosen the seal cap of the HSC
adjuster shaft.
✓ Remove the adjuster assembly
mechanism.
✓ Hook the old spring with a steel wire
and pull it out of the shaft.
Other tools can of cause be used as long
as they do not damage the shaft or the
parts inside the shaft.
✓ Drop the new spring into the shaft.
✓ Pour a small amount of damper oil into
shaft to secure overflow when the
mechanism slides back into the shaft.
✓ Reinstall the mechanism.
✓ Tighten the seal cap.
✓ Turn the adjuster wheel counterclockwise until it touches the seal cap.
✓ Reinstall the end eye.
✓ Inflate the reservoir with nitrogen.

Hydraulic spring
preloader refilling
We recommend the customers to let the
distributor disassemble and assemble
the weight jacker. However, as the reason for doing this operation almost always is related to a hose change, this
particular operation will be briefly described below.
✓ Remove the hydraulic hose from both
the master cylinder (adjuster cylinder)
and the slave cylinder.
✓ Remove the piston (inner sleeve) from
the outer housing of the slave cylinder.
✓ Fit the new hose on the outer housing
of the slave cylinder.
Torque: 11 lbs.ft. (15 Nm).
✓ Place the outer housing of the slave
cylinder horizontally with the hose
higher than the housing.
✓ Fill the outer housing of the slave cylinder with oil all the way to the top.
Use only Öhlins standard damper oil
part # 00105-01.
The amount of oil in the outer housing
has to be really maximized. Otherwise
there is a risk that air will be trapped under the piston. An alternative more secure filling method is to place the outer
housing in a bowl filled with oil.
✓ Install the piston into the outer housing.
✓ Push the piston all the way down to the
bottom of the outer housing. The air will
bleed out through the hydraulic hose.

✓ If the amount of oil is not enough to fill
the hose all the way to the top, seal the
banjo with your fingers (that will keep
the oil in the hose) and remove the hose
from the slave cylinder housing.
✓ Once again remove the piston from
the housing, fill the housing with oil
and push the piston all the way down
to the bottom.
✓ Turn the adjuster knob of the master
cylinder counterclockwise until the
piston stops in its bottom position
(maximum oil contents).
✓ Fill up the adjustment cylinder with oil
and screw the two components (the
master cylinder and the slave cylinder) together with the banjo bolt.
Torque: 11 lbs.ft. (15 Nm).
✓ Make sure there is no air left. Check
by opening the small hexagon screw
on the master cylinder body.
✓ Fill it up with oil if necessary and
tighten the screw.
Torque: 2 lbs.ft. (3 Nm).

Note
Air in the system will reduce the stroke
and cause flex in the system.

Gas pressure
A good rule is to stay with the recommended pressure.
If the compression damping force from
the main piston is increased a lot, higher
pressure might be needed. Too low pressure will cause cavitation.
Generally we recommend you to stay
with 10 bar (150 psi) if the compression
damping force stays below 300 lbs.
Above 300 lbs we recommend increasing the pressure to 15 bar (225 psi). It is
possible, however, to stay with a lower
pressure if there is some damping from
the reservoir.
There is always a small amount of air
in the oil, but to minimize the volume of
air in the system never use lower pressure than 150psi.
✓ Always pressurize the damper at room
temperature.
✓ Use nitrogen gas only.
✓ If there are any doubts please contact
your Öhlins distributor.

Routine maintenance
It is hard to give definite rules about servicing the damper, as the conditions as
well as the running time may vary a lot.
The advice that follows is very general.
✓ Check externally for damage. If remote
reservoirs are used, check the hoses
carefully.
✓ Look for oil weeping onto the shaft
from the X-ring seal. If this happens
repeatedly in service (not right after
revalving) replace X-ring and inspect
the shaft for nicks on its surface. If the
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Öhlins R&D lab where ideas become reality. The lab has its own dyno, flow bench and
other equipment necessary to develop and test the best among dampers.

At Öhlins more than 40 engineers are working within the R&D sector.

car has been crashed, check the shaft
for straightness.
✓ Check for bent adjuster needles. If the
adjuster knobs have been bumped by
some other moving part of the car or
by a vice during spring changes, the
needles can bend. Turn the knobs
quickly with a screwdriver while
watching to see if they turn eccentrically. Also if the knobs do not turn
freely this can indicate bent needles.
If either symptom is detected it is best
to see your Öhlins dealer for repairs.
A special tool (part # 01764-01) is
available if you choose to do the repair work yourself.
✓ Check spherical bearings regularly for
excessive play. This is most important
on installations where the spring is not
mounted concentric to the damper.
On such installations the bearing will
be affected by load in both directions.
✓ Check piston band for wear occasionally. If band is removed also check for
excessive band end-gap, more than
2.5 mm. A wide end-gap indicates the
band has been stretched too much.
Once the band is stretched it should
not be reused because it will not re42
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✓

Öhlins designers use the latest 3D CAD stations to produce high quality drawings.

turn to round when reinstalled in the
inner pressure tube. Replace if necessary.
If the HSC adjuster is fitted, examine
the sealing surface of the poppet valve
and the valve seat a couple of times
every season. Occasionally remove
the end eye to make sure the adjuster
wheel set screw is tight.
If any O-rings need to be replaced, always apply Öhlins red grease (part #
00146-01) to the new O-ring.
Change the oil every 1000 to 2500
miles depending on the conditions.
More often if the damper has been run
at high temperatures and/or the shim
stacks are changed regularly, because
every time the damper is opened
some contamination of the oil is inevitable. Use only Öhlins damper oil.
Keep an eye on the damper temperature. Some heat is generated by the
damping energy, but most of the heat
comes from close proximity to engine
or brake parts. Try to keep the temperature below 200°F. If the damper
runs hotter than 250°F, try to vent
some fresh air to the damper. Heat
shields may be necessary. Naca ducts

✓

✓

✓

✓
✓

in the engine cover also help to lower
the temperatures. If your vehicle has
the exhaust system on one side only,
a larger nasa duct on that side can
equalize the temperature of both
dampers.
If the damper is washed with detergent, relubricate the outside with
some light protective oil. Do not use
brake cleaner type solvent near the
shaft seal.
A dyno is a good tool to find failure in
the damper. Therefore we recommend
doing regular dyno testing. Preferably
view the damping performance with
continuous running. For example leakage, check valve problems, etc, can
be detected.
At least once every season we recommend complete disassembly of the
damper for visual examination. Ask
your Öhlins distributor for help or advice.
No special service is needed for the
hydraulic spring preloader, just check
externally for damage.
See spare part charts for assembly information regarding torque, Loctite
and grease. 
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13. Adjustment and valving charts
All graphs in this chapter are produced
by a Roehrig dynamometer and are reproduced in true scale (100%).

T

he charts that follow in this chapter
will help you to find new settings
easier. If you wish, you can of course
develop your own shim stacks, but to
use the stacks in the manual is often the
most effective way of finding what you
are looking for. With no “dyno” available,
even the charts showing the external
adjusters become extremely useful.
Note: The valvings of the delivered
dampers are not always found in the following charts.
Different shim stacks producing identical dyno curves do not always feel the
same on a racecar.
All graphs are produced by a Roehrig
dynamometer. The stroke is set to 1 inch
(25.4 mm).

Low speed adjusters
(LSC and LSR)
As the adjustment range of the low speed
compression adjuster (LSC) and the low
speed rebound adjuster (LSR) are identical, one graph represents both adjusters.
In this graph a stiff shim stack with a
lot of preload (CP70) is used to make the
affected zone large. The reservoir damping has a marginal effect in the graph, as

RC is set to click position 10 (stack RES20-00). See figure 26.

Reservoir compression
adjuster (RES)
A stiff preloaded reservoir shim stack
(RES-20-10) has been picked for illustrating the standard (2.5 mm needle seat)
reservoir compression adjuster. The
graph illustrates the reservoir damping
only. See figure 27. Observe what a small
influence the reservoir damping has up
to 5 inch/sec if the adjuster is set to a
click position higher than 6.

High speed compression
adjuster (HSC)
Two graphs illustrate the high speed
compression adjuster, one with spring
part # 5473-01 (soft) and one with spring
part # 5473-02 (stiff). The compression
shim stack used is CS 100 and LSC is
set to click position 8. The reservoir
damping has just a small effect on the
graph, as RC is set to click position 6
(stack RES-20-00). See figure 28 and 29.

Main piston compression and
rebound shim stacks
The main piston compression shim

stacks are classified into two different
categories, CS and CP stacks. CS indicates the stack has no preload. CP indicates preload. LSC is set to click position 10. The reservoir damping has a
marginal effect on the graph, as RC is
set to click position 10 (stack RES-2000). See figure 30 and 31.
The rebound shim stacks are in the
same way classified into two different
groups, RS and RP stacks. RS indicates
no preload. RP indicates preload. LSR
is set to click position 20. The reservoir
damping has a marginal effect on the
graph, as RC is set to click position 10
(stack RES-20-00). See figure 32 and 33.

Reservoir shim stacks
There are two spectrums of reservoir
shim stacks. Both illustrate pyramid
shaped stacks with different amount of
preload. The thickness of the preloaded
shims and the click position of the reservoir adjuster differ.
In figure 34 these shims are 0.15 mm
and RC is set to click position 2. In figure 35 these shims are 0.20 mm and RC
is set to click position 3. Observe that
the graphs illustrate the reservoir damping only. 

Click
position
(from top
to bottom)
5
10
15
20
25
30
35

Figure 26. Adjustment range of the low speed the adjusters. This graph represents both the compression low
speed adjuster (LSC) and the rebound low speed adjuster (LSR).
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Click
position
(from top
to bottom)
0
3
6
9

Figure 27. Adjustment range of the reservoir compression adjuster (RC) of 2.5 mm type. The graph illustrates
reservoir damping only. Note: Different scale.

Click
position
(from top
to bottom)
10
15
20
25
30
35
40
45
50

Figure 28. Adjustment range of the high speed compression adjuster (HSC) with the stiff spring (part # 5473-02).
LSC is set to click position 10.

Click
position
(from top
to bottom)
10
15
20
25
30
35
40
45
50

Figure 29. Adjustment range of the high speed compression adjuster (HSC) with the soft spring (part # 5473-01).
LSC is set to click position 10.
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CS stacks
(from top
to bottom)
100
90
80
70
60
50
40
30
20
10

Figure 30. Spectrum of different non-preloaded main piston compression shim stacks (CS stacks). LSC is set to
click position 10.

Non-preloaded main piston compression shim stacks (CS stacks)
Code

CS10

CS20

CS30

CS40

CS50

CS60

CS70

CS80

CS90

CS100

Shim
1
2

0.25-38

0.25-38

0.25-38

0.25-38

0.25-38

0.30-38

0.30-38

0.30-38

0.30-38

0.30-38

0.25-30

0.25-34

0.25-34

0.25-34

0.25-34

0.30-34

0.30-34

0.30-34

0.30-36

0.30-36

3

0.25-26

0.25-30

0.25-30

0.25-30

0.25-32

0.30-30

0.30-30

0.30-32

0.30-34

0.30-34

4

0.25-20

0.25-26

0.25-26

0.25-26

0.25-30

0.30-26

0.30-28

0.30-30

0.30-32

0.30-32

5

0.25-22

0.25-22

0.30-23

0.25-28

0.30-23

0.30-26

0.30-28

0.30-30

0.30-30 x2

6

0.25-20

0.30-23

0.30-26

0.30-28

0.30-28 x2

0.30-23

0.30-26

0.30-26 x2

0.30-23

0.30-23

7
8

0.25-26
0.25-23

9
10
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CP stacks
(from top
to bottom)
70
65
61
56
51
45
40
35
30
25
20
15
10

Figure 31. Spectrum of different preloaded main piston compression shim stacks (CP stacks). LSC is set to click
position 10.

Preloaded main piston compression shim stacks (CP stacks)
Code

CP10

CP15

CP20

CP25

CP30

CP35

CP40

CP45

CP51

CP56

CP61

CP65

CP70

Shim
1
2

0.20-38

0.20-38

0.20-38

0.20-38

0.20-38

0.20-38

0.20-38

0.20-38

0.20-38

0.20-38

0.20-38

0.30-38

0.30-38

3

0.15-34
0.15-34
0.15-34
0.15-34
0.15-34
0.15-34
0.15-34
0.15-34
0.15-34
0.15-34
0.15-34
0.15-34
0.15-34
R0.30 (-02) R0.30 (-02) R0.30 (-02) R0.25 (-02) R0.25 (-02) R0.25 (-02) R0.25 (-02) R0.25 (-02) R0.30 (-02) R0.30 (-02) R0.30 (-02) R0.30 (-02) R0.30 (-02)
0.15-38 x2 0.20-38 x2 0.20-38 x4 0.15-38
0.15-38
0.15-38
0.15-38
0.15-38
0.30-38
0.30-38
0.30-38
0.25-38
0.30-38 x2

4

0.25-28

0.25-28

0.20-28

5

0.25-23

0.25-23

0.20-23

0.15-34
0.15-34
0.15-34
0.15-34
0.15-34
0.25-33
R0.25 (-02) R0.25 (-02) R0.25 (-02) R0.25 (-02) R0.25 (-02)
0.20-38 x3 0.20-38 x2 0.20-38 x3 0.20-38 x2 0.20-38
0.30-33

6

0.25-20

0.25-20

0.20-20

0.20-28

0.25-38

7

0.20-23

8

0.20-20

9
10
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0.25-33

0.30-33 x2 0.30-38

0.30-33 x2

0.30-33

0.25-28

0.25-33

0.30-28 x2

0.25-38

0.25-38 x2 0.25-38 x3 0.25-28 x2 0.25-28

0.30-28

0.30-33

0.30-21

0.20-28

0.20-28

0.20-28

0.20-28

0.30-21

0.30-28 x2

0.20-23

0.20-23

0.20-23

0.20-23

0.20-20

0.20-20

0.20-20

0.20-20

0.30-21

0.30-28
0.30-21

0.30-21
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RS stacks
(from top
to bottom)
05
07
10
12
15
20
25
30
35
40
45
50
55

Figure 32. Spectrum of different non-preloaded rebound shim stacks (RS stacks). LSR is set to click position 20.

Non-preloaded rebound shim stacks (RS stacks)
Code

RS05

RS07

RS10

Shim
1
2

0.20-36

0.25-36

0.20-32

3

RS15

RS20

RS25

RS30

RS35

RS40

RS45

0.25-36 x2 0.20-36

0.25-36

0.30-36

0.30-36

0.30-36 x2 0.30-36

0.30-36

0.30-36 x2 0.30-36 x2 0.30-36 x2

0.25-33

0.30-33

0.20-34

0.25-34

0.30-33

0.30-33

0.30-33 x2 0.30-33

0.30-33 x2 0.30-33 x2 0.30-33 x3 0.30-34 x3

0.20-30

0.25-30

0.30-30

0.25-32

0.25-32

0.30-30

0.30-30

0.30-30 x2 0.30-30

0.30-30 x2 0.30-30 x2 0.30-30 x3 0.30-32 x3

4

0.25-28

0.25-28

0.30-26

0.25-30

0.25-30

0.30-26 x2 0.30-28

0.30-26 x2 0.30-26

0.30-26

5

0.25-26

0.30-26

0.30-20

0.25-28

0.25-28

0.30-23

6

0.30-20

0.30-20

0.25-26

0.25-26

0.25-23

0.25-23

7

RS12

0.30-26 x2 0.30-23

RS50

RS55

0.30-28 x2 0.30-26

0.30-30 x3

0.30-26

0.30-26

0.30-23

8
9
10
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RP stacks
(from top
to bottom)
10
15
20
25
30
35
40
45
50
55
60
65
70

Figure 33. Spectrum of different preloaded rebound shim stacks (RP stacks). LSR is set to click position 20.
Note: Different scale.

Preloaded rebound shim stacks (RP stacks)
Code

RP10

RP15

RP20

RP25

RP30

RP35

RP40

RP45

RP50

RP55

RP60

RP65

RP70

Shim
1
2

0.15-36

0.20-36

0.25-36

0.25-36

0.25-36

0.25-36

0.25-36

0.25-36

0.25-36

0.25-36

0.25-36

0.25-36

0.25-36

3

0.15-34
0.15-34
0.15-34
0.15-34
0.15-34
0.15-34
0.15-34
0.15-34
0.15-34
0.15-34
0.15-34
0.20-34
0.20-34
R0.30 (-03) R0.30 (-03) R0.30 (-03) R0.30 (-03) R0.30 (-03) R0.30 (-03) R0.30 (-03) R0.30 (-03) R0.30 (-03) R0.30 (-03) R0.30 (-03) R0.30 (-03) R0.30 (-03)
0.15-36 x2 0.20-36
0.20-36 x2 0.25-36
0.25-36
0.25-36 x2 0.25-36 x3 0.20-36
0.30-36 x3 0.25-36 x5 0.25-36 x2 0.25-36
0.25-36 x2

4

0.25-26

0.15-36

0.25-26

0.20-36

0.20-36 x2 0.20-36

0.25-26

0.30-36 x2 0.25-26

0.30-28

0.30-36 x3 0.25-34 x2 0.25-34 x2

5

0.25-23

0.25-26

0.25-23

0.25-26

0.25-26

0.25-26

0.25-23

0.25-26

0.30-26

0.30-28

0.25-32

0.25-32

0.25-23

0.25-23

0.25-23

0.30-23

0.30-26

0.25-30

0.25-30

0.30-23

0.25-28

0.25-28

0.25-26

0.25-26

6
7
8
9
10
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0.25-23

0.25-23

0.25-23
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RES stacks
(from top
to bottom)
15-15
15-10
15-05
15-00

Figure 34. Spectrum of different reservoir shim stacks. The preloaded shims are all of thickness 0.15 mm. The
graph illustrates the reservoir damping only. Note: Different scale.

Reservoir shim stacks (RES stacks) with 0.15 mm preload shims
Code

RES15-00

RES15-05

RES15-10

RES15-15

Shim
1
2

0.20-12 x2

0.20-12

0.30-12

0.25-12

0.15-18

0.15-12

0.15-18

0.15-18

3

0.15-16

0.15-18

0.15-16

0.15-16

4

0.15-14

0.15-16

0.15-14

0.15-14

5

0.15-12

0.15-14

0.15-12

0.15-12

6

0.15-12
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RES stacks
(from top
to bottom)
20-10
20-05
20-00

Figure 35. Spectrum of different reservoir shim stacks. The preloaded shims are all of thickness 0.20 mm. The
graph illustrates the reservoir damping only. Note: Different scale.

Reservoir shim stacks (RES stacks) with 0.20 mm preload shims
Code

RES-20-00

RES-20-05

RES-20-10

Shim
1
2

0.20-12 x2

0.20-12

0.30-12

0.20-18

0.15-12

0.20-18

3

0.20-16

0.20-18

0.20-16

4

0.20-14

0.20-16

0.20-14

5

0.20-12

0.20-14

0.20-12

6

50

0.20-12
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14. External dimensions and damper identification

E

xamples of different TT44 configurations with external dimensions as
well as some drawings of parts showing
often requested dimensions follow. Contact Öhlins if you want us to supply you
with dimensions not included.
Note: Öhlins has standard parts for
TT44 dampers not included in the spare
parts list and on the drawings.
The TT44 is designed for 2 1/4” i.d.
springs, but there is also a version for 36
mm i.d. springs (1 1/2” i.d. springs can

also be used), where the spring platform
is placed on the end cap of the cylinder
body. However, after doing some modification, it is possible to fit some 2” i.d.
springs around the cylinder body. Normally the teams do these modifications
themselves.
Note: Reservoir attachment ring as well
as the hose attachment ring rotate and
can be positioned at any angle on the
cylinder body.
It is also possible to have the reservoir

pointing away from shaft by turning the
piggyback bracket upside down, eg, if
space restriction prevents the conventional mounting.
The damper shall be depressurized if
reservoir/hose attachment ring is rotated.
The dampers are marked with a production order number. Until the beginning of
1999 the dampers have been marked with
two codes, one identifying type of damper
and one indicating when the dampers were
produced (week and year). 

* Different dimensions are available

A
147
155
161
170
177
195
210
228^°
248

B
-05
-01
-02
-04
-03
-10
-08
-07
-09

127
136
142
151
158
166.5^
179.5^
195.5
232.5

C
-05
-01
-02
-04
-03
-06
-09
-07
-08

39
43
47
59.5
74
86^
93.5
106
113.5
135

-06
-02
-07
-01
-03
-04
-05
-08
-09
-10

^ Not in stock
° For ball joint Ampep 21CNZ081
Fully extended length = A+B+C-D-66.5
Internal stroke = A-D-94.4
External stroke = B-D-75.5
Note: These formulas are only valid for
end eyes out of the 5434 and the 5469
series.
All dimensions in mm.
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End eye 05469-series

Spacer 05425-series

A mm (inch)
7.98
7.98
7.98
6.40
7.98
7.98
7.98

Spring platform 05409-xx

A

B

Part#

18.5
42.5

8
32

05409-01
05409-02

Spring retainer 05411-01

52

5/16
5/16
5/16
1/4
5/16
5/16
5/16

B

FTF

Part#

3.16
4.76
3.65
2.77
1.57
6.15
2.37

19.02
22.22
20.00
18.24
15.84
25.00
17.44

05425-01
05425-02
05425-03
05425-04
05425-05
05425-06
05425-07

Hydraulic spring
preloader 05490-01

15. Optional new parts

Hose banjo-banjo
A

L

Part#

15
15
15
15
15
15
0
150
0
0
0
0
90
90
90
0
90
0
90
90
0
90
90

500
230
300
312
330
400
655
220
350
250
570
450
520
450
155
180
180
200
200
250
275
275
300

00637-01
00637-02
00637-03
00637-04
00637-05
00637-06
00637-07
00637-08
00637-09
00637-10
00637-11
00637-12
00637-13
00637-14
00637-15
00637-16
00637-17
00637-18
00637-19
00637-20
00637-21
00637-22
00637-23

90
90
90
0
90
135
90
0
90
20
0
90

350
400
550
600
600
470
680
500
425
260
120
800

00637-24
00637-25
00637-26
00637-27
00637-28
00637-29
00637-30
00637-31
00637-32
00637-33
00637-34
00637-35

Hose banjo-straight swivel
L

Part#

200
225
250
275
300
325
350
400
450
500

05107-01
05107-02
05107-03
05107-04
05107-05
05107-06
05107-07
05107-08
05107-09
05107-10

15. Optional parts

T

he parts that follow in this chapter
have been introduced during the
1998 season.
Main piston shims
Öhlins has started to manufacture
shims with smaller tolerances, making it easier to match dampers.
These shims will be of two different
colors, the 0.20 mm and 0.30 mm
shims will now be blue and the 0.15
mm and 0.25 mm will remain untreated.
This does help when doing the reshimming.
The part numbers will remain unchanged.
Alternative main piston
(HF-piston)
This piston gives the same damping
forces as the standard 05415-11
(05415-01), but act slightly different
dynamically. However, the difference
is normally very small.
Part #: 05416-01, Piston
Cup piston
The cup piston has a cup under the
compression shim stack, giving more
“blow off” character. This lowers the
slope of the compression curve.
The rebound side is not changed. This
piston is built out of three parts, a
modified standard 05415-11 piston,
a cup and a 3 mm ball to clock the
cup in the right position.

Part #: 05458-01, Cup piston
05459-01, Cup
00884-03, Ball
Flat reservoir valve body
This valve body has the same layout
as standard 1244-01, but is flat. The
use of this valve body makes it easier
to match shim stacks with no preload.
Part #: 01244-03, Valve body
3-ports reservoir valve body
By using this valve body you will get
more slope. It is often used together
with the reservoir ring shim system. A
nut is needed to clamp the shim stack.
Part #: 01244-02, Valve body
01244-04, Valve body
(alternative body)
00437-01, Nut
Ring shim system for reservoir
A ring shim system is now available
for the reservoir shim stack.
Part #: 01120-06, Ring shim 0.20 mm
01125-06, Ring shim 0.25 mm
01130-06, Ring shim 0.30 mm
00185-15, Centering shim
0.15 mm
00186-15, Centering shim
0.20 mm
00187-15, Centering shim
0.25 mm
00188-15, Centering shim
0.30 mm
(negative preload)

1.5 mm needle and seat
for reservoir
By using this needle and seat you get
smaller changes per click. The relation between the click positions of the
standard 2.5 mm needle and this optional needle follow below:
Ø 2.5
Ø 1.5
0
0
2
2
4
6
6
10
8
14
10
18
12
23
Part #: 01242-04, Needle
00649-02, Needle orifice bolt
Long low speed adjuster knobs
with internal hex
These are easier to adjust by hand.
As a hex key is used instead of a
screwdriver, they are easy to turn from
high angles with the use of a ball type
hex driver.
Part #: 05423-01, Knob (silver)
05423-02, Knob (gold)
Swivelling hose at reservoir
An alternative way of connecting the
hose to the reservoir is possible with
the parts below. The hose connects
in the direction of the reservoir tube
and has swivel action.
Part #: 05198-01, Reservoir body
05107-XX, Hose
01473-04, Circlip
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16. Spare parts
Damper body
Pos.

Part #

1

05425-XX
05518-XX
05057-02
05536-01
00884-03
05424-01
05419-01
05420-01
00338-95
00338-94
05421-01

2
2
2
1
2
2
2
2
2
2
2

Spacer
Spacer
Circlip
Ball joint
Ball
Spring
Adjustment valve
Orifice washer
O-ring
O-ring
Valve housing

14
15
16
17
18
19

05422-01
05422-02
01502-05
05428-01
05428-02
05428-03
05428-04
05428-05
05428-08
05428-09
05428-10
00438-17
05429-01
05433-01
05440-01
05432-01
05407-01

1
1
2
1
1
1
1
1
1
1
1
2
1
1
1
1
1

Adjustment knob (silver)
Adjustment knob (gold)
Set screw
Cylinder body 155 mm
Cylinder body 161 mm
Cylinder body 177 mm
Cylinder body 170 mm
Cylinder body 147 mm
Cylinder body 210 mm
Cylinder body 248 mm
Cylinder body 195 mm
O-ring
Reservoir ring
Reservoir ring
Reservoir ring
Reservoir ring for hose
Lock nut

20
21
22
23
24

05402-01
01474-03
05400-01
00338-02
05404-01

2
2
1
1
2

Check valve
Spring
Separating plate
O-ring
Screw

25

05431-01
05431-02
05431-03
05431-04
05431-05
05431-08
05431-09
05431-10
05409-01
05409-02
05410-01
00338-91
05438-01
05438-02

1
1
1
1
1
1
1
1
1
1
1
1
1
1

Cylinder tube 91.2 mm
Cylinder tube 97.2 mm
Cylinder tube 113.2 mm
Cylinder tube 106.2 mm
Cylinder tube 83.2 mm
Cylinder tube 146.2 mm
Cylinder tube 184.2 mm
Cylinder tube 131.2 mm
Spring platform
Spring platform long
Set screw (nylon)
O-ring
Spring platform
Spring platform low

2
3
4
5
6
7
8
9
10
11
12
13

Note:

26
27
28
29
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Pcs. Description

Assembly info.

Loctite 603

Red grease
Red grease
Red grease
Red grease
2 lbs.ft. (3 Nm)

Red grease

Red grease
118 lbs.ft. (160 Nm)

Red grease
Loctite 222
6 lbs.ft. (8 Nm)

Red grease

16. Spare parts

Piston shaft
Pos.

Part #

1
2
3
4
5
6
7
8
9

00539-01
00578-01
00519-02
05418-01
00338-92
05415-11
05414-01
01069-02
01069-03
00815-01
01056-14
01027-01
01032-01
05406-03

1
1
1
1
1
1
1
1
1
1
1

Lock nut
Washer, see spec. card
Valve stop washer
Shims, see spec. card
Piston ring
O-ring
Piston
Valve stop washer
Spacer, see spec. card
Spacer, see spec. card
Top out rubber
Bushing
X-ring
Support ring
End cap

00338-93
05426-01
05427-01
05427-02
05427-03
05427-04
05427-05
05427-06
05427-07
05427-08
05427-09
00250-03
05449-01
05162-01
05162-02
05162-03
05413-01

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

O-ring
Plug
Piston shaft 136 mm
Piston shaft 142 mm
Piston shaft 158 mm
Piston shaft 151 mm
Piston shaft 127 mm
Piston shaft 166.5 mm
Piston shaft 195.5 mm
Piston shaft 232.5 mm
Piston shaft 179.5 mm
Washer
Washer
Spacer 10 mm
Spacer 13.5 mm
Spacer 7.5 mm
Lock nut

10
11
12
13
14
15
16
17

18
19
20

21

Pcs. Description

Assembly info.
22 lbs.ft. (30 Nm)

Red grease
Red grease
30 lbs.ft. (40 Nm)
Red grease
Press 1 ton

37 lbs.ft. (50 Nm)

Note:
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End eye
Pos.

Part #

1

05434-01
05434-02
05434-03
05434-04
05434-05
05434-06
05434-07
05434-08
05434-09
05434-10
05536-01
05057-02
05425-XX
05518-XX
05442-01
05442-08
05444-01
05452-01
05826-01

1
1
1
1
1
1
1
1
1
1
1
2
2
2
1
1
2
1
1

05452-02
05826-02

1
1

8

05536-04

1

9
10
11

05455-01
05411-01
05412-01

1
1
1

12

05804-01
05804-02

1
1

13

05436-01
05447-01

1
1

05436-02
05447-02

1
1

05441-01
05410-01

1
1

2
3
4
5
6
7

Note:
14
15
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Pcs. Description
End eye 59.5 mm
End eye 43 mm
End eye 74 mm
End eye 86 mm
End eye 93.5 mm
End eye 39 mm
End eye 47 mm
End eye 106 mm
End eye 113.5 mm
End eye 135 mm
Ball joint
Circlip
Spacer
Spacer
End eye, clevis 59.5 mm
End eye, clevis 106 mm
Spacer
End eye 47 mm
05452-01 complete
with ball joint
End eye 71 mm
05452-02 complete
with ball joint
Ball joint
Spacer
Spring retainer
Spring retainer,
bell cap type
End eye 127.5 mm
End eye 113 mm
(replaces 5437-01)
End eye 127.5 mm
05436-01 complete
with ball joint
End eye 113 mm
05436-02 complete
with ball joint
Spring retainer
Set screw (nylon)

Assembly info.

Loctite 603

Staking 5300 lbs.
(24 000 N)

16. Spare parts

Reservoir

Note:

Pos.

Part #

Pcs. Description

1
2
3
4
5
6
7
8
9

00828-01
03056-01
01473-02
00338-53
01242-02
00884-04
01248-01
00338-27
01243-02

1
1
1
1
1
2
1
1
1

Screw
Adjuster knob
Circlip
O-ring
Needle
Ball
Spring
O-ring
End piece

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

01247-01
01246-01
01245-01
01244-01
00641-01
00649-01
00586-01
00631-02
00438-33
00382-07
00637-XX
00862-02
00338-24
00302-01

1
1
1
1
1
1
4
1
1
1
1
1
1
1

Check valve cover
Wave washer
Check valve shim
Valve body
Shims, see spec. card
Stepped washer
Needle orifice bolt
Washer
Banjo bolt
O-ring
Screw
Hose, see spec. card
Reservoir body for hose
O-ring
Reservoir tube 110 mm

00302-02

1

Reservoir tube 90 mm

00302-04

1

Reservoir tube 133 mm

25
26
27
28
29
30

00631-01
00338-26
00305-01
00340-01
00338-04
00604-01

1
1
1
1
1
1

31
32
33
34

00561-03
00329-01
00338-59
01050-01

1
1
1
1

Banjo bolt
O-ring
Floating piston
Teflon band
O-ring
Rubber inflation
membrane
End cap
Circlip
O-ring
Screw

Assembly info.
2 lbs.ft. (3 Nm)

Red grease

Red grease
Red grease
12 lbs.ft. (18 Nm)

4.5 lbs.ft. (6 Nm)
WD 40
12 lbs.ft. (17 Nm)
Red grease
2 lbs.ft. (3 Nm)

Red grease
Red grease
33 lbs.ft. (45 Nm)
Red grease
33 lbs.ft. (45 Nm)
Red grease
33 lbs.ft. (45 Nm)
12 lbs.ft. (17 Nm)
White grease

Red grease

Red grease
2 lbs.ft. (3 Nm)
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16. Spare parts

HSC adjuster (4-way)
Pos.

Part #

1

05470-01

1

Valve seat

2

05460-01
05460-02
05460-03
05460-04
05460-05
05460-06
05460-07
05460-08
05460-09
05461-01
05471-01
05473-01
05473-02
05464-01
05463-01
05462-01
05465-01
05465-02
05465-03
05465-04
05465-05
05465-06
05465-07
05465-08
05465-09
05466-01
05466-02
05466-03
05466-04
05466-05
05466-06
05466-07
05466-08
05466-09
00338-79
05467-01
00338-60
05468-01
00683-05
05413-01
00884-03
05469-01
05469-02
05469-03
05469-04
05469-05
05469-06
05469-07
05469-08
05469-09
05536-01
05057-02
05443-01
05443-02
05453-01
05827-01

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
4
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1

05453-02
05827-02

1
1

05536-04

1

Piston shaft 136 mm
Piston shaft 142 mm
Piston shaft 158 mm
Piston shaft 151 mm
Piston shaft 127 mm
Piston shaft 166.5 mm
Piston shaft 195.5 mm
Piston shaft 232.5 mm
Piston shaft 179.5 mm
Bronze bushing
Poppet valve
Spring 2.7 N/mm
Spring 6.5 N/mm
Preloader
Pin
Sleeve
Tube 36.5 mm
Tube 42.5 mm
Tube 58.5 mm
Tube 51.5 mm
Tube 27.5 mm
Tube 67 mm
Tube 96 mm
Tube 133 mm
Tube 80 mm
Adjuster pin 75.7 mm
Adjuster pin 81.7 mm
Adjuster pin 97.7 mm
Adjuster pin 90.7 mm
Adjuster pin 66.7 mm
Adjuster pin 106.2 mm
Adjuster pin 135.2 mm
Adjuster pin 172.2 mm
Adjuster pin 119.2 mm
O-ring
Seal cap
O-ring
Adjuster wheel
Set screw
Nut
Ball
End eye 59.5 mm
End eye 43 mm
End eye 74 mm
End eye 86 mm
End eye 93.5 mm
End eye 39 mm
End eye 47 mm
End eye 106 mm
End eye 113.5 mm
Ball joint
Circlip
End eye. clevis 59.5 mm
End eye. clevis 106 mm
End eye 47 mm
05453-01 complete
with ball joint
End eye 71 mm
05453-02 complete
with ball joint
Ball joint

3
4
5
6
7
8
9

10

Note:
11
12
13
14
15
16
17
18

19
20
21
22

23
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Pcs. Description

Assembly info.
Loctite 243
3 lbs.ft. (4 Nm)

Red grease
4.5 lbs.ft. (6 Nm)
Red grease

37 lbs.ft. (50 Nm)

Loctite 603

Staking 5300 lbs.
(24 000 N)

16. Spare parts

Hydraulic spring preloader
Pos.

Part #

Pcs. Description

1
2
3
4
5
6

05481-01
05482-01
00438-20
05483-01
00438-21
05480-01

1
1
1
1
1
1

Slave piston
Support ring
O-ring
Support ring
O-ring
Slave housing

7
8
9
10
11
12
13

00338-73
01048-01
05484-01
05485-01
00382-07
00338-79
03600-02

1
4
2
1
1
1
1

O-ring
Washer
Banjo bolt
Hose
Screw
O-ring
Master cylinder housing

14
15
16
17
18
19
20
21
22
23
24

03601-01
03604-02
00338-71
03602-02
03083-01
00884-03
00131-03
03073-02
01023-02
03072-02
03603-01

1
1
1
1
1
1
1
1
1
1
1

Guide screw
Master cylinder piston
O-ring
Adjustment screw
Spring
Ball
Circlip
Dynamic thrust washer
Needle thrust bearing
Static thrust washer
End cap

25
26
27

00338-88
03605-01
00382-08

1
1
1

O-ring
Knob
Screw

Assembly info.
Red grease
Red grease
Red grease
Red grease
(inside groove)
Red grease
WD 40
11 lbs.ft. (15 Nm)
2 lbs.ft. (3 Nm)
Red grease
Red grease
(inside cylinder)
Loctite 542
Red grease
Red grease

Red grease
Loctite 222
13 lbs.ft. (18 Nm)
Red grease
Loctite 222
1.5 lbs.ft. (2 Nm)

Note:
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16. Spare parts

Main piston shims (mm)
Part#

Description

Main piston shims (mm)
I.D.

Thickness

O.D.

Part#
00530-26
00530-28
00530-30
00530-31
00530-32
00530-33
00530-34
00530-36
00530-38

01115-16
01115-17
01115-18
01115-19
01115-20
01115-21
01115-22
01115-23
01115-24
01115-25
01115-26
01115-28
01115-30
01115-31
01115-32
01115-33
01115-34
01115-36
01115-38

Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15

16
17
18
19
20
21
22
23
24
25
26
28
30
31
32
33
34
36
38

00520-16
00520-17
00520-18
00520-19
00520-20
00520-21
00520-22
00520-23
00520-24
00520-25
00520-26
00520-28
00520-30
00520-31
00520-32
00520-33
00520-34
00520-36
00520-38

Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20

16
17
18
19
20
21
22
23
24
25
26
28
30
31
32
33
34
36
38

00525-16
00525-17
00525-18
00525-19
00525-20
00525-21
00525-22
00525-23
00525-24
00525-25
00525-26
00525-28
00525-30
00525-31
00525-32
00525-33
00525-34
00525-36
00525-38

Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25

16
17
18
19
20
21
22
23
24
25
26
28
30
31
32
33
34
36
38

00530-16
00530-17
00530-18
00530-19
00530-20
00530-21
00530-22
00530-23
00530-24
00530-25

Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim

12
12
12
12
12
12
12
12
12
12

0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30

16
17
18
19
20
21
22
23
24
25
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Description

I.D.

Thickness

O.D.

Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim
Shim

12
12
12
12
12
12
12
12
12

0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30

26
28
30
31
32
33
34
36
38

01120-01
01125-01
01130-01

Ring shim
Ring shim
Ring shim

30
30
30

0.20
0.25
0.30

34
34
34

01120-02
01125-02
01130-02

Ring shim
Ring shim
Ring shim

34
34
34

0.20
0.25
0.30

38
38
38

01120-03
01125-03
01130-03

Ring shim
Ring shim
Ring shim

34
34
34

0.20
0.25
0.30

36
36
36

Reservoir shims (mm)
Part#

Description I.D. Thickness

O.D.

00185-12
00185-14
00185-16
00185-18

Shim
Shim
Shim
Shim

8
8
8
8

0.15
0.15
0.15
0.15

12
14
16
18

00186-12
00186-14
00186-16
00186-18

Shim
Shim
Shim
Shim

8
8
8
8

0.20
0.20
0.20
0.20

12
14
16
18

00187-12
00187-14
00187-16
00187-18

Shim
Shim
Shim
Shim

8
8
8
8

0.25
0.25
0.25
0.25

12
14
16
18

00188-12
00188-14
00188-16
00188-18

Shim
Shim
Shim
Shim

8
8
8
8

0.30
0.30
0.30
0.30

12
14
16
18

Note

Note:
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Note

Note:
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17. Addresses
Öhlins distributors:
P.F.P Öhlins France, BP59-9, Av.Milhaud, F-15130 Arpajon/Cére, France.
Phone +33 471-48 15 34. Fax +33 471-97 58 93.
Öhlins Racing UK, Roebuck House, Cox Lane, Chessington, Surrey,KT9 IDG, Great Britain.
Phone +44 181-974 12615. Fax +44 181-974 1907.
Motorquality, S.p.A., Via Venezia ang. Via Carducci, 20099 Sesto S.Giovanni (Milano), Italy
Phone +39 02-24 95 11. Fax +39 02-24 9512 32.
Carrozzeria Japan Co., Ltd. Urawa, Saitama-Pref, 336, Japan.
Phone +81 48-863 18 01. Fax +81 48-863 18 02.
BSR Products, Inc., 7701 North Tryon Street, Charlotte, N.C 28262, USA
Phone +1 704-547-0901. Fax +1 704-547-8823.
Motorsport Spares International, Inc.101N Gasoline Alley, Indianapolis, IN 46222, USA
Phone +1 317-241-7500. Fax +1 317-241-0823.
Howe Racing Enterprises, Inc. 3195 Lyle Road, Beaverton, MI 48612, USA
Phone +1 517-435-7080. Fax +1 517-435-3331.
AMF Motorsports, Inc. 22 Mill Road, W. Chesterfiled, N.H. 03466, USA
Phone +1 603-256-6800. fax +1 603-256-8142.
Zupin Moto-Sport GmbH, Werner von Siemens Str. 8, D-83301 Traunreut
Phone +49 8669 85760. Fax +49 8669 2328.
Steve Cramer Products, 39, Industrial Drive, Braeside, Victoria 3195, Australia
Phone +61 3 9587 1466. Fax +61 3 9587 2018.
Simo Penttilä OY, Sahanmäenkatu 30, SF-05800 Hyvinkää, Finland
Phone +358 19 437 350. Fax +358 19 489 872.

Öhlins Racing :
Öhlins Racing AB, Box 722, S-194 27 Upplands Väsby, Sweden
Phone +46 8 590 025 00. Fax +46 8 590 025 80. E-mail info@ohlins.se
Öhlins USA Inc., 703-C Old Spartanburg Road, Hendersonville, N.C. 28792, USA
Phone +1 828-692-4525. Fax +1 828-692-0595. E-mail ohlinsusa@aol.com
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This manual will set the
state of the art for damper
manuals, just as
the TT44 damper has done
when it comes to formula,
sports and touring car
dampers.
With the very open attitude
of Öhlins, this manual will
give more information and
be more complete than any
other manual available.

Part # 7421-01
Price US $25

