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Abstract

Develompment of software that can predict damper
curves on shock absorbers

Erik Gelotte

This thesis features the development of a software program with a plot function (a
setting bank) for data curves, obtained when car dampers are tested in a
dynamometer, which measures forces at given velocities. Advanced dampers have
many different adjusting possibilities and it was desired to collect data about this for a
number of damper types, in a software program that can be used to predict damper
curves without having to perform actual tests. The goal was to make it easier for
customers (mostly consisting of competitions teams) to test and evaluate different
settings to a chosen damper in a fast and simple way, without having to use expensive
testing equipment that also is a big time consumer. 

The project was performed at Öhlins USA Inc. in Hendersonville, North Carolina. It
is a subsidiary to Öhlins Racing AB, that manufactures performance shock absorbers
for cars, motorcycles, snowmobiles and ATVs for both competition and commercial
use. The project was initiated by evaluating and deciding different measuring methods,
to see what equipment would be used and how the data collection would be
performed. A literature study was also performed to get a better understanding about
dampers and their functioning and anatomy. Work began by collecting empirical data
at different velocities for a number of different settings, with a dynamometer. Because
of the number of possible settings and the time elapse when collecting data, all
settings were not actually collected. Most of them were instead calculated
mathematically from the collected data.

This resulted in data consisting of forces and velocities for a great number of damper
settings. Both internal (when hardware in the damper is changed) and external (when
changes are made to the hardware). When the data collection and the calculations
were done, the software program itself was created with Microsoft Excel and
Microsoft Visual Basic. The software lets the user select a damper type and its settings
and then plot a graph that corresponds to the damper curve that would be obtained
in a real testing rig. The results of the project was a working setting bank that can plot
damper curves for a number of Öhlins damper models, by using the collected and
calculated data. To increase the accuracy of the curves towards reference data, future
studies might need to be performed which uses even better mathematical models and
considers flow resistance in the damper.
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Sammanfattning 
Detta examensarbete handlar om skapandet av ett mjukvaruprogram med plotfunktion (en 

s.k. settingbank) för datakurvor som erhålls när stötdämpare till bilar testas i en 

dynamometer, som mäter krafter vid givna hastigheter. Avancerade stötdämpare har många 

olika justeringsmöjligheter och det var önskvärt att samla in data om detta för ett antal 

stötdämpartyper i ett program, som sedan kan användas för att förutspå dämparkurvor, utan 

att behöva göra några fysiska tester. Målet var att göra det enklare för kunder, i huvudsak 

tävlingsteam, att på ett snabbt och enkelt sätt testa och utvärdera olika inställningar till vald 

stötdämpare, utan att behöva använda dyr testutrustning som dessutom är väldigt 

tidskrävande. 

 

Projektet genomfördes åt Öhlins USA Inc. i Hendersonville, North Carolina. Det är ett 

dotterbolag till Öhlins Racing AB, som tillverkar stötdämpare av hög prestanda till bilar, 

motorcyklar, snöskotrar och ATVs för såväl kommersiell som tävlingsverksamhet. 

Projektet inleddes med att utvärdera och bestämma olika mätmetoder, för att se vad för 

utrustning som skulle användas och hur upplägget skulle vara. Dessutom gjordes en 

litteraturstudie för att få en bättre förståelse om stötdämpare och dess funktion och anatomi. 

Arbetet genomfördes genom att samla in empirisk mätdata vid olika hastigheter för ett antal 

olika inställningar med hjälp av en dynamometer. På grund av antalet möjliga inställningar 

och tidsåtgången vi datainsamling gjordes inte mätningar för alla inställningar. De flesta 

beräknades istället matematiskt med hjälp av framtagna formler utifrån den insamlade 

testdatan.  

 

Detta resulterade i data för krafter och hastigheter för ett stort antal stötdämparinställningar, 

såväl interna (då stötdämparens hårdvara byts och ändras) som externa (då ändringar görs 

på hårdvaran). När all datainsamling och alla beräkningar var klara skapades själva 

programmet med hjälp av Microsoft Excel samt Microsoft Visual Basic. Programmet låter 

användaren välja en stötdämpare och dess inställningar och kan sedan plotta en graf som 

motsvarar den dämparkurva som skulle uppkomma i en riktig testrigg. Resultatet av 

projektet blev en fungerande settingbank som, med hjälp av den beräknade och insamlade 

datan, kan plotta stötdämparkurvor för ett antal stötdämparmodeller som Öhlins tillverkar. 

För att öka kurvornas noggrannhet gentemot referensdata kan dock fortsatta studier behöva 

göras, som använder ännu bättre matematiska modeller, samt tar hänsyn till s.k. 

grundstrypning (flödesmotstånd) i stötdämparen. 
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Forewords 
This thesis describes a degree project for a degree in mechanical engineering. The project 

was performed at Öhlins USA Inc. in Hendersonville, NC, USA, an affiliate to Öhlins 

Racing AB, a Swedish vehicle suspension company.  

 

The thesis intends to describe and present how the development of a reference program, or 

setting bank, for different Öhlins shock absorbers was performed. Supervisor for this 

project was Christer Lööw, Automotive Manager at Öhlins USA Inc., and scrutinizer was 

Claes Aldman, junior lecturer at the department of Industrial Engineering and Management 

at Uppsala University.  
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1. Introduction 

1.1 Project description 
The goal of this project is to create a setting bank, or reference program, for car dampers 

(solely Öhlins products), where the behavior and characteristics of a specific damper setting 

can be viewed in the form of a curve, where force is plotted as a function of velocity, in a 

graph. The setting bank is thought to be used as a fast and simple tool to compare and 

optimize damper settings, without having to use expensive and time consuming testing 

hardware, with the goal to ease the testing of dampers, specifically done by motorsport 

teams. There is existing software available, that is capable of producing damper curves with 

the features that is included in this project, but it does not include the damper types that this 

project concentrates on. Different damper types have different characteristics, which creates 

a need for a new setting bank. 

 

The goal that is supposed to be reached at the end of this project is a working setting bank 

software, where the user uses a computer with the software installed to choose among 

different damper types and settings. The software should then produce the corresponding 

damper curve for the chosen setting for the user to view in a graph. When the current 

setting is plotted, the software should also fill out a shock absorber specification card, 

where all the hardware information (valve and shim settings) is listed as well as part 

numbers for the chosen shock absorber. The specification card is used by employees to 

build the current damper with the settings specified. The software, which is being 

developed to run in Microsoft Excel, should be able to plot curves individually for 

compression and rebound forces of the damper. To achieve this, it is necessary to collect 

data from different damper settings using a dynamometer, and use that data in the setting 

bank. For time and cost saving reasons, all possible settings can not be collected by using 

the dynamometer; they have to be calculated instead, by using the collected data together 

with mathematical relations. 

1.2 Background 
Öhlins Racing AB is a Swedish suspension company that manufactures performance shock 

absorbers, or dampers, for cars, motorcycles and other types of vehicles. The headquarter 

lies in Upplands Väsby, a suburb to Stockholm, with over 200 employees. Since the 

establishment in 1976, Öhlins has been at the leading edge when it comes to performance 

suspension, with facilities in Sweden, Germany, USA and (soon to be) Thailand. Öhlins has 

been an integrated part of the motorsport industry ever since the start and focus has always 

been on service and support.
1
  

 

Dampers for cars and motorcycles are tested and evaluated with the aid of a dynamometer, 

which measures force at given velocities when the damper is compressed and extended. 

This results in a damper curve that can be plotted in a graph and reveal the setting and 

characteristics of the damper. Testing dampers is done for different reasons, but one being 

                                                 
1
 Öhlins Racing AB (2013). This is Öhlins, www.ohlins.se (2013-05-27)  

http://www.ohlins.se/
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related to the project is to optimize the vehicle’s handling performance by comparing and 

adjusting damper settings to different conditions, such as surfaces and road characteristics. 

This is especially useful for competition teams that need to optimize their setups in order to 

obtain a better performing vehicle in terms of competition, which consequently could mean 

gaining better success. Therefore, there is a need and a market for a setting bank. The 

setting bank is supposed to be used by Öhlins employees and customers. 

 

The benefits that comes with the setting bank software is further explained in the theory 

part, chapter 2.4, but the main advantage of using the software instead of a dynamometer is 

the time saving and suppleness. There is no need to do any physical testing, the damper can 

be compared and to different settings in the computer, which makes it easier and faster to 

find the optimum damper setting.   
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2. Theory 

2.1 Damping 
The phenomenon of damping is found everywhere in today’s society and plays a crucial 

role when it comes to safety, stability and fatigue in a product. Using dampers on a car or 

any other vehicle is just a tiny area where damping is used. The phenomenon and concept 

can be found on buildings, bridges, shoes and many other applications. Damping is an 

effect that reduces the amplitudes of oscillations in an oscillating system, such as the 

examples above. No matter what material something is built from or how stiff it is, it will 

always move due to different conditions, and will eventually become an oscillating system, 

if only for a tiny bit of time. If the oscillations within that system is not controlled or 

reduced, at some point the material and construction will break, or the system will become 

very unstable, with possible catastrophic consequences. Therefore, damping is needed to 

improve the fatigue and stability, as well as reduce the risk of failure and increase the 

performance.   

2.2 Shock absorbers 
Shock absorbers, or dampers, are used on many types of vehicles, such as cars, 

motorcycles, bicycles and even airplanes. The history of vehicle suspension dates back to 

the middle of the nineteenth century, when road quality generally was very poor. The horse 

carriages of that time used a soft suspension, consisting of long bent leaf springs, but 

without any reasonable damping control, the ride was probably at the least exciting at 

higher speeds
2
. With the arrival of cars and the internal combustion engine, it became a 

need to invent and develop better suspension for the sake of comfort as well as safety and 

performance. The basic stages in the progression of damper evolution can be seen in the 

following list
3
: 

 

(1) Dry friction (snubbers)  

(2) Blow-off hydraulics 

(3) Progressive hydraulics 

(4) Adjustables (manual alteration) 

(5) Adaptives (slow automatic alteration) 

(6) Semi-actives (fast automatic alteration) 
 

The purpose of dampers is to dissipate any energy in the vertical motion of the body or 

wheels of a vehicle. This includes motion arisen from control inputs, or from disturbance 

by rough roads or winds. When moving, vehicles with their wheels constitutes a vibrating 

system that needs to be controlled by dampers to prevent response overshoots, and to 

minimize the influence of some unavoidable resonances
4
. Damper types can be classified in 

two ways, dry friction with solid elements and hydraulic with fluid elements. This project is 

                                                 
2
 Dixon, John C. (1999). The Shock Absorber Handbook. Warrendale, Pennsylvania 

3
 Dixon, John C. (1999). The Shock Absorber Handbook. Warrendale, Pennsylvania 

4
 Dixon, John C. (1999). The Shock Absorber Handbook. Warrendale, Pennsylvania 
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related to the latter type, thus, no further explanation will be given in this report regarding 

the dry friction damper. 
 

The hydraulic damper has many variations; however, this project is related to the telescopic 

hydraulic damper type. Further, this damper type can be classified in three basic types. The 

through rod telescopic, the double tube telescopic, and the single tube telescopic, which all 

have different technical designs and specifications. This project is related to the double tube 

damper (often referred to as twin tube), which is illustrated in figure 2.1. Figure 2.2 shows a 

schematic picture of a general form of a telescopic damper. Chambers 0 and 1 are in a 

separate reservoir, where chamber 0 contains air, that could be pressurized, separated by a 

floating piston from chamber 1. Chambers 2 and 3 are part of the main body of the damper, 

where chamber 2 is at high pressure during compression, and chamber 3 is at high pressure 

during extension, or rebound. During compression, fluid is displaced from the main 

cylinder (chambers 2 and 3) and into the separate reservoir (chamber 1) through a 

restriction of given characteristic, the compression foot valve. Fluid also passes through the 

piston valve from chamber 2 to chamber 3. During extension, the fluid will flow the 

opposite direction, through the foot valves and will also pass through the piston valve from 

chamber 3 to chamber 2.
5
 This is a basic description of how a telescopic damper operates. 

For the TTX36, being a twin tube damper, it works basically the same, but with some 

differences. This is further explained in the next chapter. The reason for pressurizing 

dampers is to avoid cavitation. Cavitation is the phenomenon when gas bubbles are 

produced in fluids as a cause of pressure drops. It also includes the collapse of the gas 

bubbles when the pressure increases again and the gas returns to liquid form. Cavitation can 

essentially cause two things to the damper. Firstly, if the air bubbles that build up during 

pressure drops combine into large volumes, they will take away any damping if they pass 

through the valves. Secondly, when the gas bubbles are exposed to higher pressure, they 

will implode, and this can cause damage to the damper. With this in mind, we quickly 

realize that cavitation should always try to be prevented. A way to do this is to increase the 

pressure of the oil, either by applying gas pressure to a separation piston, which in turn will 

apply pressure to the oil, or by applying a gas pressure directly in the oil (such dampers are 

called emulsion dampers). That will compress the gas bubbles and, consequently, minimize 

the risk of cavitation. 

                                                 
5
 Dixon, John C. (1999). The Shock Absorber Handbook. Warrendale, Pennsylvania 
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Figure 2.1. A cut-away version of the TTX36 damper, which shows how a double tube damper is designed, 

with the inner tube visible inside the outer tube. Left (in gold) is the separation reservoir with the separation 

piston visible.  

 

 
Figure 2.2. A schematic picture of a general form of a telescopic damper. 
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2.3 The TTX36 damper 
The TTX36 is a twin tube hydraulic shock absorber, designed and manufactured by Öhlins 

Racing in Upplands Väsby, Sweden, and is used on both cars and motorcycles, on 

competition vehicles as well as road vehicles (fig 2.3). It is an adjustable damper, which 

enables adjustments to both compression and rebound damping that affects the compression 

and rebound when the damper is operating at low velocity (slow compressions and 

extensions). Unlike many modern dampers, the TTX36 comes with a solid main piston, 

which only function is to displace the fluid from the inner tube to the outer tube (and vice 

versa), through the compression and rebound foot valves (basically the only valves in the 

damper). The twin tube design allows completely separate adjusters for rebound and 

compression, as it has separate channels that connect the compression valve to the 

compression side of the main piston and rebound valve to the rebound side of the piston.
6
 

The damper is pressurized with nitrogen gas behind a floating separation piston, to avoid 

cavitation. What further reduces cavitation in the TTX36 damper is the twin tube design, 

which allows the set gas pressure to not only affect the compression side (like in a mono 

tube damper) but also the rebound side, as there are channels that connect it to the 

separation piston in the reservoir (Fig. 2.4). That way, the gas pressure applied to the 

damper will be displaced to both sides of the main piston, which will decrease the risk of 

cavitation in the damper. 
 

                                                 
6
 Öhlins Racing AB (2009). Öhlins Owner’s Manual TTX36 Automotive, Upplands Väsby 
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Figure 2.3. A TTX36 damper, mounted in the Roehrig dynamometer. This is the actual damper that was used 

in the project. 
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Figure 2.4. The twin tube design, showing how both sides of the main piston are kept pressurized at all times 

by the gas force applied. 

2.4 Existing damping curve software 
Öhlins have developed a similar software program to what will be achieved in this project, 

called the TTXMKII VRP. VRP is short for Valving Reference Program, and it is designed 

to produce damping curves for given settings of the damper. This program, however, is not 

related to any damper types which will be featured in this project, the TTX36 and others, 

but to its more advanced sibling, the TTX40. The Valving Reference Program lets the user 

build his own damper within the software, using different combinations of click settings, 

valve types and shims (Fig. 2.5).
7
 The software will then produce the dynamometer curve 

of both compression and rebound for the specific setting.  
 

                                                 
7
 Nygren, Nils-Göran (2005). Inside TTX. The Öhlins TTX40 manual. Öhlins Racing AB, Sweden 
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Figure 2.5. Screen dump of the TTX MKII VRP, which is an existing setting bank software program. 

 

Its benefits include time saving and costs. Since the actual damper’s hardware does not 

need to be worked with at all, and the damper does not need to be tested in a dynamometer, 

a lot of time will be saved, as well as wear on the hardware inside it. A difference from this 

program to the program being developed in this project, the TTXMKII VRP has been 

developed using an Instron dynamometer, which is a hydraulic dynamometer. In this case, 

however, a crank dynamometer is being used instead, using an electromagnetic motor. This 

is further explained in the following chapter. 

2.5 Testing devices 
Dampers are tested for various reasons, typically to measure performance, checking 

durability or testing theoretical analyses.
8
 Testing dampers at Öhlins is usually performed 

either by road tests or using a dynamometer. Before we go any deeper into that, it has to be 

mentioned that in the rest of this thesis the dynamometer is mostly going to be referred to 

as dyno. That is because that is the abbreviation that is most commonly used in the business 

when mentioning dynamometers. Dynamometers are used to measure force, torque or 

power, but in this case it is all about force. The suspension dynos used at Öhlins measures 

force at constant velocity, and different types are used, both hydraulic and electrical 

powered dynos. Measurements with electromechanical testing devices are performed under 

steady-state conditions, in a sinusoidal motion. The damper is moved at constant speed for 

a limited period, which must result in a displacement not exceeding the maximum stroke of 

the damper. Early cyclic tests were performed by reciprocating the damper in a roughly 

sinusoidal manner, with a slider-crank mechanism using a connecting rod (Fig. 2.6). 

However, the connecting rod and its inclination introduce a substantial harmonic into the 

                                                 
8
 Dixon, John C. (1999). The Shock Absorber Handbook. Warrendale, Pennsylvania 
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damper motion, which is significantly non-sinusoidal. By using a Scotch Yoke mechanism 

instead, a true sinusoidal motion can be produced (Fig. 2.7).
9
   

 
Figure 2.6. A reciprocating drive mechanism, used for dynamometer tests. 

 
Figure 2.7. The Scotch Yoke mechanism. 

 

In this project the 3VS model electrical powered dyno from Roehrig Engineering was used 

(Fig. 2.8). It is a computer controlled, variable 3 HP motor crank dyno, with stroke settings 

up to 2 inches (50 mm). It has a maximum load of 2000 lbs (roughly 910 kg) and a 

maximum velocity of 39 inches per second (roughly 1 meter per second).
10

 It is used for 

motorsports application, and has features such as temperature or time based warming of the 

damper and can also perform static or dynamic gas pressure tests. The dyno comes with an 

analysis software, where the results of the testing appear as a curve on a graph, with 

different display options, but typically the curve is plotted as force over velocity (Fig 2.9).  
 

                                                 
9
 Dixon, John C. (1999). The Shock Absorber Handbook. Warrendale, Pennsylvania 

10
 Roehrig Engineering (2013). Products, www.roehrigengineering.com (2013-05-12) 

http://www.roehrigengineering.com/
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Figure 2.8. The Roehrig 3VS dynamometer used in the project. 
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Figure 2.9. Test result from a damper run in the Roehrig 3VS dynamometer. 

2.6 Valves inside dampers 
Valves are fitted to give the damper a certain characteristic and several types of valves 

exist. For a given speed of damper movement, fluid is displaced through the valves at a 

certain flow rate. To produce this flow rate, a pressure difference across the valve is 

required, which will create a force resisting damper motion. Depending on how the valve is 

designed and how it is set up, this resisting force will be of different size. What can be said 

in short about valves in dampers is that they control the amount of damping force and is a 

big part of the damper characteristic. Valves are what more or less prevent the vertical 

motion energy created when driving, which is the purpose of a damper.  
 

The valve type used on the damper in this project, The TTX36, is a very common type used 

on competition cars and motorcycles, a shim disc. It consists of a piston with holes, covered 

by a stack of shims, thin metal plates (fig. 2.10). The shim thickness varies from 0.1 mm to 

0.3 mm (even thicker are available) and the typical stack setup is a series of shims (with 

different thicknesses) arranged by reducing diameter size, with the biggest diameter closest 

to the piston. Depending on where the valve is located in the damper the shim disc may be 

covered by a shim stack on both sides. That is a typical design of the piston valve mounted 

to the shaft (the main piston), which moves whenever the damper is compressed or 

extended. The main piston used on the damper in this project is, as previously mentioned, 

solid, without any valve openings. So when valves are mentioned further in the thesis, it is 

referred to the adjustment valves controlling the compression and rebound flow, which are 

located at the damper head (fig. 2.11). These valves are what make the damper adjustable 
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without having to change the hardware in any way, and unlike the main piston, they are not 

moving when the damper is compressed or extended. During compression, the fluid is 

displaced through the compression valve and into the separate reservoir, and during 

rebound the fluid will be displaced out from the separation reservoir and through the 

rebound valve, back to the main reservoir. 
 

 
Figure 2.10. Assorted shims. 

 

 
Figure 2.11. Adjustment valve pistons that were used in the project. 
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2.6.1 Shim valves 

As mentioned above, the main valve openings are covered by shims of different sizes and 

thicknesses. When fluid flows through the valve, a certain pressure needs to be applied to 

the shims in order to force the shim stack to open (by bending the shims from the valve 

surface), otherwise the fluid will travel through the bleed valves, which are not covered by 

shims (see next section). The pressure that the fluid will apply is dependent on how fast it is 

traveling inside the damper. The higher velocity, the more pressure will the fluid build up, 

and so the shim valves can therefore be seen as a high velocity valve, that the fluid will 

pass through when the damper moves fast. Depending on what shims are used, it will 

require more or less pressure to open them so fluid can pass through, so by adjusting the 

valve shim stack, the overall damper character can be adjusted. If a very soft shim stack is 

used, with few and thin shims, the fluid will pass with less pressure, and so the damping 

will be soft. If it is the other way around, with a stiff stack, the fluid needs more pressure to 

get through. It will require more force to compress and extend the damper, thus it will be 

stiffer. Fig. 2.12 shows the shim valves on a typical valve piston.  

2.6.2 Bleed valves 

Apart from the valve openings (holes) covered by the shims, there are additional, parallel, 

orifices that give some flow even when the valve is fully closed. These are called bleed 

valves. The bleed valves are typically in use when the damper travels with low velocity. 

Because the fluid always wants to take the easiest way past an obstacle, it will go through 

the bleed valves first, until enough force (which will increase with higher flow velocity) is 

produced to open the shims and allow the fluid to flow through the shim valves. So in short, 

during low velocity, the fluid will go through the valve via the bleed valves, and at higher 

velocity it will flow through the shim valves. However, if the piston is moving (and the 

damper is being compressed/extended) and the bleed valve is not fully close, some fluid 

will always flow through it. If it is fully closed, this passage will be blocked.
11

 Fig. 2.12 

shows the bleed valves on a typical valve piston.  

                                                 
11
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Figure 2.12. Showing the different valves and their location on the pistons used in this project. 

2.6.3 Adjustable valves 

An adjustable damper has special features installed in it to let the user change the 

characteristics without having to disassemble the damper. There are two purposes of 

adjustable dampers. One being to optimize the vehicle performance or handling for varying 

conditions and the other being to compensate for damper wear, with the first one very much 

related to competition activity. Adjustables may be classified depending on how they are 

adjusted: 
 

● Adjusted manually after removal from vehicle 

● Adjusted manually in situ (in place) 

● Remote manual adjustment (i.e. from drivers seat) 

● Automatic adjustment 
 

Adjustments on a damper are made to the valves. In this project, using the TTX36 damper, 

it is performed by turning a knob (fig. 2.13), so this falls under the manually adjustment in 

situ. Compression and rebound (extension) are adjusted independently. The adjustment is 

often done to the bleed valves, controlling the flow when the damper travels at low 

velocity. When adjustment can only be made in one way it is consequently called a one-

way adjuster. Further adjustment options are also available on different valves, where 

compression and rebound is subdivided into high and low velocity. On these valves, 

adjustments can be made to both high and low velocity. That makes it adjustable in two 

ways, and so it is called a two-way adjuster. The adjustable valves that are used in this 

project are both of the one-way and two-way types. 
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Figure 2.13. Adjustment knobs for compression (right) and rebound (left) on the one-way adjuster. 

 

So far, it has all been about adjusting the damper without changing any parts inside it, but 

making changes to the hardware makes huge differences to the damper characteristics and 

behavior. Typically valves and shims are changed, with almost an infinite amount of 

possible combinations. To summarize, one can look at adjusting a damper in two ways, 

adjusting it by changing the hardware inside (internal adjustments) or adjusting it without 

changing the hardware and instead using the external adjusters. 

2.7 Definition of a click 
The expression click, or click setting is commonly used in this thesis, and it is relevant to 

explain what it really means, in the damper world, when one refers to a click or click 

setting. Basically it is about how the damper is adjusted. Adjustable dampers, we have 

learned, can be adjusted in different ways, but when referring to clicks it is always about 

the external adjusters. As previously mentioned, these are most commonly adjusted by 

turning a knob, or nut, and when turning these, the valves inside the damper will close or 

open, allowing less or more oil to flow through them at a certain force and damping will 

either increase or decrease. If the knob or nut that is adjusting the valve would be stepless, 

there would be an infinite number of settings to that valve, which would make it very hard, 

if not impossible, to match different dampers, nonetheless keep track of different settings. 

Instead, the adjuster is turned in equally big steps, which are called clicks, which makes it 

easier to adjust the damper and limits the adjustments to a number of click settings. The 

clicks are numbered and begin with 0, which is when the adjuster is fully closed (“fully 

hard”), often when turned clockwise. The clicker positions are always counted from “fully 

hard”, because “fully hard” as always an absolute position. Fully soft will vary more 
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depending on tolerances, so the matching wouldn’t be as good if the clicker positions were 

counted from fully soft.
12

   

2.8 Flow resistance in a damper 
When fluid flows through a damper there will always be a certain resistance to the flow, 

even if no valves or other physical flow resistance is installed in it. This resistance comes 

from the walls of the tubes and channels that the fluid flows through when the damper is 

moving. The resistance will vary depending on how the inside channels and tubes are 

shaped and what material they are made of, so we realize that it will also vary depending on 

what damper is used. The resistant forces are so big that they need to be considered when 

force data is calculated from one damper type to another, like it is done in this project. 

When designing and specifying a damper, the flow resistance is considered in order to be 

able to fit a valve that will have more resistance than that flow resistance. This is because it 

is desired to be able to control and optimize the resistance (the damping) in different ways, 

by changing valves or pistons and adjusting them. If the flow resistance would be the 

dominant resistant force in the damper, there would be no need for a valve or other parts, 

but on the other hand, it would not be controllable at all. Therefore the damper is designed 

and specified in such a way that the flow resistance from the tubes, bends and channels in 

the damper is less than the resistance will be when installing a valve in it. The reason for 

flow resistance has not only to do with the viscosity of the fluid, but many other factors as 

well. Explaining it all in this report would be far too complicated and not relevant to the 

subject of this project. However, it is important to understand that the flow resistance (or 

the flow force) is a factor that will affect the force data and consequently the damping 

curve. 

2.9 The necessity for a setting bank 
As mentioned before, there is a great benefit of having a setting bank (or reference 

program) for specific dampers. This is partly due to the possibility to analyze and optimize 

the damping character and performance, but also due to the fact that the setting bank allows 

the user to do the analyzing work without the need for hardware or physical testing. But the 

root of it all is the need for racing teams to optimize their dampers in order to obtain better 

results on the race track during competition. Suspension plays a very big role when it 

comes to being successful in motorsport competition and so it is important to optimize the 

suspension as much as possible. Therefore there is a need for analyzing how the dampers 

behave and perform and also for comparing different settings available. That is where the 

setting bank comes in to the picture. It is very handy and quick to use. There is no need to 

carry a big dynamometer and all that comes with testing a damper in it (the actual damper, 

the hardware with different shims and valves, and the time and effort). Instead, one could 

just use the setting bank, or reference program, on the computer to see what would be the 

best suited setting. So, the setting bank is of great necessity for customers, mainly because 

of its easy use and time saving features. It is a quick tool that will help the user find an 

optimal setting for his dampers, in order to find that stability and performance that an 

oscillating system (like a damper) needs, as mentioned in chapter 2.1.  
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2.10 Formulas 
Throughout the project, a number of mathematical formulas have been used, to calculate 

and convert the data collected in order to create the setting bank. As this project relied on a 

limited data collection using some settings, for time and cost saving reasons, solutions had 

to be found that could mathematically process the data to all the desired settings. Here 

follows explanations on what formulas were used, how they were used, and for what 

purpose. 

2.10.1 Damper conversion factor 

As all the rebound values was calculated based on compression data (see chapter 3.1.2), it 

was necessary to find a conversion method, to translate the compression values into 

rebound data. Also, when calculating the data to other damper types, it was also relevant to 

find a conversion factor that would give data that better represented other damper types. 

Two formulas were developed, one for rebound and one for compression. 
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D is the diameter of the main piston, d1 is the diameter of the external shaft and d2 is the 

diameter of the internal shaft. The equation gives a factor that is used to convert not only 

the compression forces, but also the velocities where those forces occur to a corresponding 

rebound value.   

2.10.2 Exponential equations 

Exponential equations of the second order were used to curve fit the low velocity data, 

which was collected for every click setting in order to be able to calculate the settings not 

collected in dyno runs.  
 

CBxAxy  22
       (1.3) 

 

The equation basically represents the characteristics of the data curves (or rather points) 

that were collected when run in the dynamometer. Y is the force and x the velocity, while 

A, B and C are any given numbers. 

2.10.3 Inverse exponential equations 

The second degree equation obtained from the low velocity runs were inverted, in order to 

be able to calculate the full damper curves, specifically these were used to calculate the 

velocity of a certain force value, collected in the dyno run. So, instead of obtaining a force 

value from a given velocity, the opposite is achieved when inverting the equation. 
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Still, y is the force, x the velocity and A, B and C are any given values. 

 

 

2.10.4 High velocity click equation 

This equation was developed to enable calculations for the two-way adjuster’s high velocity 

clicks. It made it possible to only do a limited number of data collection runs with a two-

way shim setting (click 0 and 40 was run for each setting). Instead of having to run every 

high velocity click, this equation could be used. 
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FHSC is the force value for the desired click, F1 is the force value for click 0, F2 is the force 

value for click 40 and n is the desired click number that force data should be calculated for. 

2.11 Method of execution 
When performing a project like this, with a big data collection, there are of course different 

ways to perform it. The data collection can be done including all settings, which would 

increase the timescales, or it could be performed by including a part of the settings and find 

ways to calculate the rest. When choosing a method for this project, the time aspect played 

a big role and was the main consideration. As the project would have to be executed within 

two months, there was no room for a long data collection process. The goal was instead to 

try and make it as short and simple as possible and mathematically calculate parts of the 

data. That would allow more time to be laid on running more settings, building the software 

and also on optimizing the mathematical formulas for the calculation process. The 

calculation process was unavoidable either way, as it was no chance of completing the 

project by including all possible settings in the data collection.  

 

The data collection itself was chosen to be run using the crank dyno. The other option was 

to use the dyno in the shake rig, which is a hydraulic dyno. Due to the fact that that dyno 

was often busy by customers and the fact that it had to be modified to suit the project, it 

was decided that the data collection should be done using the crank dyno. For information 

about the data collection procedure, and the calculation process that was made to the 

settings not included in the data collection, refer to chapter 3.2. 

 



20 

 



21 

 

3. One-way adjuster 

3.1 Pre-study 
Before any data collection could be executed, a number of different tests needed to be done, 

to prove some certain theories that would significantly shorten the timescales for the 

project, but also to prove that the data collection could be done with enough accuracy at all. 

These tests were part of what was called a pre study, which had the following goals: 

 

● Evaluate and verify the dynamometer of choice   

● Compare different dampers to see how they vary 

● Find mathematical formulas in order to significantly decrease number of data 

collection runs 

● Determine number of data points for the damping curves 

● Study repeatability to see how often the damper needs to be refilled with oil and to 

see how repeatability affects the damping curves 

● Evaluate damper run temperature and how it affects the damping curves  

● Develop a procedure to rebuild the damper for different settings 

 

After the pre study had been done, and the testing results were satisfying, the main part of 

the project could be started, the data collection. 

3.1.1 Dynamometer evaluation 

First and foremost, there was a need to evaluate and verify a dynamometer of choice, in 

order to obtain accurate and precise measurements when creating the setting bank. 

 

The dyno that was supposed to be used for this project is the Roehrig 3VS crank dyno, built 

by Roehrig Engineering (for further details, refer to chapter 2.5). The damper that was 

going to be used throughout the project, a TTX36 shock was run, with different settings, in 

a PVP test. PVP is short for Peak Velocity Pickoff, which means that the dyno will base the 

damping curve by choosing the mean force at a certain velocity, instead of showing all the 

force data collected (which consists of numerous force points in every velocity point). The 

other method of displaying the damping curve is by using a CVP curve, which is short for 

Continuous Velocity Pickoff, where all the force data points collected in the run is 

displayed. The PVP test is the preferred test method when producing damping curves like it 

is done in this project, simply because it is much easier to see the actual curve, with no 

varying data (see fig. 3.1).The testing results can be seen in fig. 3.2. A concern with the 

crank dyno was that it would not generate stable and consistent damping curves that would 

do as reference data for the setting bank, but the Roehrig 3VS was determined stable 

enough with consideration of the curves generated in this and following test runs. 
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Figure 3.1. Showing the difference between a CVP (blue) and a PVP (red) curve in the Roehrig analysis 

software. 
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Figure 3.2.Damping curve generated using the crank dynamometer with the PVP setting.   

 

One important discovery was made during these initial tests. It is a fault within the dyno 

software that occurs when running on low velocity. The software is not able to generate a 

PVP data point for velocities below 0.5 in/s, which leads to the curve being slightly 

misguiding on low velocity. As of today there is no working solution within the Roehrig 

software, all the values below 0.5 in/s has to be inserted manually when creating the setting 

bank. This, however, is not as big of a problem as one might think, as it is not likely to have 

a big amount of data points below 0.5 in/s. However, it must be borne in mind that inserting 

the force value manually could add a slight error to the curve.  

3.1.2 Development of mathematical formulas 

As this project aims to create a complete setting bank for a big number of different valve 

and shim settings on all the different click settings of the damper it is of great significance 

that it is able to mathematically calculate the measurements of some damper settings. If all 

possible varieties of damper settings would have to be run in the dyno, this project would 

take a big amount of time just to collect all the data, thus the project would be too extensive 

to be done within the available time period. Even if it was possible to lay down the time 

needed, it would still not be very cost efficient in terms of wear on hardware and salary for 

committed man hours. Therefore some shortcuts needed to be taken in order to create a 

setting bank with all desired shock, valve and shim settings. 
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A first step for this was to limit the runs to the compression side only. That way no 

consideration had to be taken to the rebound side during the data collection process. Still, 

the rebound curve is needed in the setting bank, so it was necessary to mirror the 

compression data and compensate for the difference in forces between compression and 

rebound. When the shock is compressed, the piston and the shaft moves downwards in the 

damper. At this moment the whole area of the piston travels through the oil. On rebound, 

however, the piston and shaft moves upwards as the damper extends again from a 

compressed state, and the piston area that travels through the oil will be less (Fig. 3.3). This 

is due to the fact that the piston is mounted to the shaft in such a way that the shaft diameter 

will cover a part of the piston during rebound, thus decreasing the piston area that travels 

through the oil. If a conversion factor between the piston area during compression and 

rebound could be created, it would be possible to convert the compression data into 

rebound data. That makes it possible to skip the rebound runs in the dyno, and only obtain 

the compression data. By dividing the piston diameter with the subtracted shaft diameter, 

such a conversion factor was created (as explained in the theory part). To convert a 

compression curve to a rebound curve, the compression force is divided with the 

conversion factor to generate the theoretical rebound forces. But also the velocity has to be 

converted. As the oil passes through a smaller area on the rebound side, and at less force, it 

will travel at a higher velocity. Therefore the conversion factor is multiplied with the 

compression velocities to generate the theoretical rebound velocities. Now a theoretical 

rebound curve can be presented. This theoretical curve was compared with an actual 

rebound curve with similar settings. The result can be seen in figure 3.4. As seen in the 

graph, the calculated curve is very similar to the actual run. There is a difference between 

the curves in the high velocity area, in the low velocity area it is close to identical. 

 

 
Figure 3.3. Showing the difference in piston area between the compression and rebound side of the damper. 
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Figure 3.4. Graph showing the difference between a calculated rebound curve and an actual run. 
 

Another goal in this chapter was to avoid having to measure all click settings in the dyno. 

This is also a big time consumer, as the different valve packages has click numbers roughly 

from 20 up to about 50. That would mean that data collection runs for only one shim setting 

needs to be executed up to 50 times. There was therefore a need to try and minimize the 

number of runs with different click settings. To do this the damper still needed to be run on 

all clicks, but only with one setting at low velocity. If the damper is run with these 

conditions on a certain click setting, it is possible to obtain an equation for that low velocity 

curve which then can be used to calculate the rest of the curve (the high velocity data 

points) with different settings. When running the damper on low velocity, the oil will travel 

through the bleed valves, instead of the shim valves. The data obtained in such a run will 

vary for all different click settings. When running on higher velocity, the oil will instead 

flow through the shim valves, and here the data will not vary as much between the different 

click settings. Therefore the low velocity data would have to be used for each click to 

combine with the high velocity data, to obtain a complete damper curve at a specific click 

setting. So, in short, the low velocity forces were measured on all possible click settings, 

which resulted in a number of different curves for the damper. For each curve, a 

mathematical equation, specifically a second degree equation, could be obtained. That 

equation was then used to calculate the high velocity runs, when the oil flows through the 

shim valves, on different click settings. By using this method, which is more thoroughly 

explained in chapter 3.2.2, it was possible to run each shim setting on one selected click 

(which saved a lot of time) and use the low velocity data to calculate all other click settings 

of that specific shim setting. Initially, it was decided to do these run with the click setting 

on zero, and then apply the correspondent formula for every other click. However, it was 

discovered through testing that when the damper was run on a higher (more open) click 
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setting, it gave better accuracy in the curve calculation process, so therefore it was opted to 

do the runs on click number 15.  

3.1.3 Determine number of data points 

For the sake of accuracy in the measurements it is important to have enough data collecting 

points (velocity points, from where a force value can be obtained). There should be a 

number of points at both low and high velocity. However, the more points used the longer 

time will the dyno run take. It was therefore a matter of deciding how much more time each 

run was allowed to take in order to obtain as high accuracy as possible. It was also 

important to have more data points during the low velocity runs, which was to be 

performed on all click settings. That is due to the fact that an equation will be retrieved 

from those curves, and the number of data points used to create the curve will affect the 

accuracy. During the pre study testing a few different variations was used, and it was 

determined that when performing the low velocity runs (when a fairly high number of data 

points is needed, to obtain an accurate equation) a minimum of five data points should be 

used, and preferably more than that. During the high velocity runs there should be a total of 

16 data points, varying from 0.25 in/s to 25 in/s, in order to obtain force values in a big 

range of velocities. 

3.1.4 Repeatability 

An important factor in the data collecting process was how the damper was affected by 

valve changes and oil refilling. Each time the damper is opened and changes are made to it 

(i.e. changing valves or shim stack) it will affect the damping curve with an error. How big 

the error will be is determined by how thorough and meticulous the work on the damper is, 

and also by external conditions in the lab (i.e. temperature, dust and particles in the air). It 

is impossible, at least in this environment, to create optimal conditions to eliminate this 

error. However, there are certain ways to minimize it to an acceptable level. First was the 

general procedure when the damper was being taken apart and put together again. Doing 

everything in a certain way and in a certain order at all times helped to at the least keep the 

error constant between the runs and avoid variations which might cause further misguiding. 

Furthermore, the torque when the valves are tightened was also a factor that had to be 

considered. It is important to tighten them with the same torque every time it was being 

loosened. When the valve package is installed on the damper it is mounted to a spring that 

puts force on the valve itself and the shim stack. It can be seen as a sort of preload to the 

valve. When the valve is tightened with different torque, the spring will apply different 

force to the valve and shim stack, which will show as variations in the damping curves. If 

the spring applies a large force to the shims, there will require more force by the oil to open 

them, and vice versa. Therefore it is important to apply the same torque when the valve 

package is mounted every time. During the pre study tests a Tohnichi torque wrench was 

used with 10 Nm torque. It has been held in the same way at all times to minimize the 

human effects of the torque. Apart from calibrating the torque wrench thoroughly this is the 

most accurate that it was possible to achieve in these conditions. However, when 

repeatability tests were executed it was determined that the results were accurate enough 

for this project. 
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Another factor was the oil and how often it needed to be refilled in the damper. To save 

time it was desirable that oil was not refilled every time the damper had been run in the 

dyno. When valves are changed on a damper, there is a risk of air coming in to the damper. 

Air that comes inside the damper will cause unstable results and misguiding damping 

curves, and so it must be kept out of the damper. To be completely sure no air is within the 

system, the damper can be oil filled using a machine. The machine will first put vacuum to 

the damper to suck out air and dirt and then fill it with oil. This procedure takes time, 

however, and it might not even be necessary to be this meticulous every time the damper 

has been run. What can be done instead is that when valves are changed, oil can be “topped 

off” to avoid air coming in to the system, which means that at the moment when the valve 

is removed, oil is filled to the damper to compensate for the volume change and there is no 

risk of air coming in. That way no vacuum filling is required and a lot of time could be 

saved. 

 

As far as the human factor is concerned, it has more or less been covered in the above parts, 

but of course there are more factors that might generate an error to the damping curves. 

This involves the use of clean and intact shims and valves, as well as cleaning the parts 

during the data collecting process. However, it was very difficult to measure the impact of 

these factors, and even if it was possible to do it in a good way, the dyno itself is not 

accurate enough to be able to show this. With that in mind, it was realized that it was 

relevant to investigate how accurate the dyno actually would be, and if it would produce an 

identical curve if the damper was run twice without being changed in any way. 

 

To find out what factors might affect the results of the dyno run, a number of different 

repeatability tests were executed. First, the oil filling repeatability was tested, along with 

the torque repeatability, which was basically the worst case scenario. The damper was once 

vacuum filled with oil and run in the dyno, as a reference run. The damper was then 

dismounted from the dyno and the valves were loosened and removed. To avoid air coming 

in to it, oil was topped off when the valve package was removed. The valves were then 

mounted again and tightened with a torque, and the damper was run in the dyno once more. 

This procedure was repeated for a number of times, and the result can be seen in fig. 3.5. 
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Figure 3.5. Showing the difference in force between runs where the oil had been refilled, with Run 1 as the 

reference. The graph is zoomed in order to see the difference better. 

 

Not much can be said in detail about what caused the variation in damping curves. The only 

thing that could be concluded from this test was that there was in fact a variation when the 

damper was taken apart and rebuilt with the procedure explained above. Again, this is the 

worst case scenario, and as further tests will prove, it was not necessary to apply this 

procedure to the data collecting runs. 

 

The next test narrowed it down to only look at the torque applied to the valve package. The 

damper was filled with oil using the filling machine and the first run acted as a reference 

run. The torque was then loosened on the valves and tightened again. Nothing more than 

that was done. It was then mounted in the dyno again and repeated a number of times. 

There was again a variation of the curves, not a very big one, but still it is there. It is in fact 

very similar to the variation depicted in figure 3.6, which led to the thoughts that there 

might not be the human factor that is the major cause of the error at all, but rather 

something within the dyno. 

 

Another test was then executed which only consisted of running the damper in the dyno and 

then dismount it from it, remount it and run it again. This way it would be revealed if it was 

in fact the dyno itself that caused the variations in the damping curves. Four runs were 

made with the result pictured in the below graph, figure 3.6. Still, the same pattern 

appeared, even though it was discovered that what actually makes a big difference is the 

temperature on the damper when run in the dyno. A final repeatability test was done by 

only running the damper several times without dismounting it or doing any modifications to 

it at all. Here, it became clearer that the variation in temperature (caused by the damper 
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getting warmer and warmer while running) was in fact the biggest factor in this. This led to 

the conclusion that it was possible to shorten the amount of time spent rebuilding the 

damper after each run without affecting the measurement precision. However, what is very 

important is to make sure that the damper temperature must be kept within a certain range 

to avoid variations in the measurement data. This leads straight in to the next chapter. 
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Figure 3.6. Showing the difference in force between runs when the damper had been dismounted and mounted 

back again. The graph is zoomed to see the difference better. 

3.1.5 Damper run temperature 

As mentioned in the previous chapter, it was discovered that the biggest factor when it 

comes to variations and misguiding curves, was the temperature of the damper when run in 

the dyno. The basic explanation to why temperature affects so much has to do with the oil 

and its viscosity. At a certain temperature the oil will flow with a certain motion resistance. 

This is called the oil’s viscosity, and when the oil temperature changes it will also affect the 

viscosity. When the oil gets warmer, the viscosity will decrease, thus allowing the oil to 

flow with less resistance, which in turn leads to a less force that will have to be applied. So 

in short, the warmer the damper (and consequently the oil) gets the less force will have to 

be applied at a certain velocity. The conclusion that could be made with this in 

consideration was that the damper needed to be run at a very narrow temperature range, in 

order to minimize the variations in damping curves. The desire was to run the damper as 

close to the real conditions as possible, and with that in consideration, as well as the 

cooling time, it was decided that the target temperature should be at 90°F (circa 32°C). That 

should be the initial temperature of the damper. Depending on how it is set up, the damper 

would then reach different peak temperatures, which are hard to control, and therefore the 

only (easily) controllable temperature is the initial temperature.  
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3.1.6 Running procedure 

As this pre-study has shown so far, there were a number of factors that could manipulate 

the results of the data collection, thus misguiding the curves, which of course is not 

desirable. To maintain good order and discipline while working and running the different 

damper settings, some sort of running order had to be put together, where all the steps in 

the running procedure could be presented and structured in a logic way. These include 

mounting and running the damper in the dyno, rebuilding the damper (valve and shims 

changing) and vacuum oil filling of the damper. There also had to be two different 

programs within the dyno, one that does the low velocity runs, with only data points in the 

low velocity area (up to 5 in/s), for the different click settings, and one that does the high 

velocity runs with data points more spread out (up to 25 in/s). 

3.1.7 Comparing different damper types 

For this project it was desirable to have the opportunity of choosing different types of shock 

absorbers in the software. As this project will be done using the TTX36 there was a need to 

compare it to other damper types, as a first step to see if there was a difference, and in a 

second step (if the dampers were indeed different) to find a mathematical way to translate 

the test results to represent the other types. 

 

As explained in chapter 2.8, the flow resistance is the forces that develop when the oil 

flows through the damper, without any additional resistance (such as shims or valves) 

applied and it will vary depending on what damper type is used. Dyno runs were performed 

with three different damper types, all intended to be included in the setting bank, without 

any shim stack on the compression side. The rebound side had a soft shim stack, just to 

avoid oil to flow through the rebound check valve, which is not how the oil flows in normal 

conditions, with shim stacks installed. The result can be seen in fig. 3.7 and there is indeed 

a difference in flow resistance between the tested dampers. Especially the TTX40 has a 

much greater resistance than both the TTX36 and the ILX36 dampers, which have more or 

less similar flow resistance during high velocity, but a bigger difference on low velocity. 

This means that somehow this difference in resistance (force) has to be taken into 

consideration when calculations are made to other damper types than the TTX36. 

Consequently, to compensate for the different flow forces, a data collection for this had to 

be done, with all the dampers that would be included in this project. This was done by 

running the different damper types as in this test, without any hardware installed (shims 

etc.). Then, when calculating curves in the setting bank, the flow force data from the 

TTX36 had first to be removed from the data (as that was the damper used in the data 

collection) and, after calculation of the curves were done, put back again. Depending on 

what damper the setting bank would generate curves for, different flow force data was 

added back. That way, the difference of the damper types could be discarded and the 

calculation could be done on a “neutral” basis, where the damper type used for the data 

collection would not influence the calculation results. As it turned out, though, it was 

realized that the way this method was used was not as realistic as first thought, as the flow 

resistance would have had to be regarded in earlier calculation steps than it was in the 

project. See chapter 7 for more information regarding that issue. 
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Flow resistance comparison
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Figure 3.7. Graph showing the difference in flow resistance between different damper types. 

3.1.8 Error range 

As previously mentioned, there were a lot of factors in this project that could, and would, 

produce errors to the setting bank. Not only would there be an error emerging from the data 

collection process (which is presented in chapter 3.1.4 and 3.1.5), the use of mathematical 

solutions to calculate damper curves was also an error source, as the calculated curves 

would not fit perfectly to the empirical data. This is partly due to the accuracy of the 

mathematical formulas, but also due to the errors that come with rebuilding the damper, and 

the error produced by the dyno. Because of this, it was not realistic to assume that the 

setting bank would be perfect and identical to damper curves obtained from actual dyno 

runs. Even when running dampers in real test rigs, the data will actually vary from different 

runs, because of influences from external conditions, and the dyno itself. With all this in 

mind, it became obvious that an error range had to be set to be able to measure if the setting 

bank curves were reasonably accurate compared to reference data. So it was decided that a 

margin of ± 5 percent regarding the force data (in lbs) should be accepted. That meant that 

if the calculated force was within ± 5 percent of the force of the reference data, the 

calculation would be determined good enough. However, one problem with the percentage 

margin of error was that at very low forces, 5 percent was a very narrow margin. For 

example, 5 percent of 10 lbs is just a margin of ± 0.5 lbs, which is just over 2 N. 

Unfortunately it was not possible, but more importantly no need, to be that accurate at these 

low forces. A difference in 0.5 lbs is not recognizable when the damper is used on a vehicle 

and will not affect the handling or performance, even if it is possible to visually see the 

difference when comparing graphs from the dyno. With this in mind, another criterion was 

added to the 5 percent tolerance, which said that if the compared force was more than 5 
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percent off at low force measurements, it would still be accepted if it was in the range of 10 

lbs of the reference data. So the error range that was used in the project had the criteria that 

the calculated damper forces must be within ± 5 percent, or 10 lbs, of the measured 

reference forces to be accepted. Even curves that was very close to be within the range was 

also accepted but were not considered as good calculations. 

 

Some comparisons of calculated data against actual data can be seen in chapter 6, where the 

verification process is described.  

3.2 Main study 
The main study was the part of the project where all the data for the setting bank program 

was collected. This stage of the project consisted of installing different settings in the 

experiment damper, the TTX36, and running them in the dyno to collect force and velocity 

values. When data collection was finished, the values obtained were used together with the 

formulas presented in chapter 2.10 as reference material to calculate all the settings that 

were not run, in order to build the whole setting bank.  

3.2.1 Data collection procedure 

A certain procedure for the data collection was adapted to make sure that every setting as 

run with equal conditions, to keep eventual errors consistent and to make sure all data was 

comparable. The data collection also consisted of two parts, where different types of data 

were collected. The general procedure, however, was the same for both parts. The adapted 

procedure included instructions on how to mount and run the damper in the dyno, how to 

build and rebuild the damper, as well as how and when to refill oil via the vacuum filling 

machine. It was decided that the damper should be refilled using the machine every fifth 

time that the damper had been rebuilt, which included changing of the valve package. Also, 

the damper should be cooled between the runs to keep the initial run temperature equal. The 

damper would then be warmed up to 90°F in the dyno, before the data collection started. 

When it comes to rebuilding the damper, certain procedures were established which 

included cleaning the shims and valves as well as applying equal torque the package when 

re-installed in the damper. After a run was complete, the data file was saved in a folder with 

a unique name that made it easy to identify. During the data collection for the 1 way 

adjuster, only one run was made for each setting. The general procedure of the data 

collection process can be seen in the flow chart in fig. 3.8.  
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Figure 3.8. Flow chart showing the data collection procedure. 

 

Two different types of data collection were performed, low velocity runs, and high velocity 

runs, as previously mentioned. The run procedure was the same in both cases, with the 

exception that when performing the low velocity data collection, the damper was never 

rebuilt, as it was only externally adjusted with the click settings. Therefore, no oil refilling 

was needed. So, when the low velocity runs were performed, data was collected for each 

click setting on the adjuster. The hardware, valve and shims, stayed the same. On the 1 way 

adjuster there were 24 clicks, so that data collection resulted in 24 data files, where the data 

was used to produce a second degree equation. When performing the high velocity runs, 

different hardware settings were run through on the same click setting. By combining these 

runs, the setting bank could be built. This is better explained in chapter 3.2.2. 

3.2.2 Curve calculation process 

When the data collection was finished, the collected data was used to calculate all the 

settings that were not run through. All the hardware settings, with the different shims and 

valve options, were run in the data collection, but not all possible click settings (external 

adjustments). They had to be calculated using a method that was briefly explained in 

chapter 3.1.2. This chapter will more thoroughly go through the different steps of the 

calculation process that was used to create the setting bank. 

 

All calculations were made in the Microsoft Excel software, which is a good tool when it 

comes to using advanced mathematical formulas as well as creating basic software 
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functions, like it was done in this project, and it is not possible (or not desirable) to use a 

proper programming software (i.e. MATLAB). What was desirable to calculate for the one 

way adjuster was the velocity for different click settings (which is the low velocity click 

setting, the only external adjustment to the one way adjuster) for the compression side and 

the velocity and force data for the click setting on the rebound side.  

 

To calculate the velocity, the data collected in the low velocity data collection (where 

different click settings were run) was used. When the low velocity runs had been executed, 

each click setting had a second degree formula fitted to its curve, and that formula was now 

used to calculate the velocities on a certain click setting. The theory behind it is as follows. 

At a certain click setting, it will take a certain force to compress and extend the damper 

when it is traveling at a certain velocity. That certain force will change depending on what 

click setting is used. If a higher click setting is used (which means less damping), then a 

lower force will be required to compress and extend the damper, and vice versa. One can 

also look at it in another perspective. If the force is kept constant, the velocity when that 

force will be applied is going to vary depending on the click setting. And that is how it was 

used here. The force value was kept the same for all settings that were calculated, and the 

velocity value was changed, depending on the click setting. This was done using the second 

degree equations obtained for the chosen click setting and inverting it. A standard second 

degree equation uses an x value (in this case a velocity value) to calculate a y value (in this 

case a force value). With the inversion of that formula (which is the formula 1.4 in this 

thesis), it is instead possible to use a y value to calculate an x value, and subsequently it is 

then possible to let the force value stay the same for every calculated setting, and let the 

velocity value vary with the setting of choice. To make it easier to understand, this is 

exemplified in fig. 3.9, where two different click settings have been calculated, using the 

above explained method. Note that the force values are equal in both curves, and that it is 

just the velocity that varies.  
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Figure 3.9. Showing two calculated curves on different click settings, using the selected method where only 

the velocity (x value) varies and the force is kept constant. 

 

This theory was then applied in two steps. As the high velocity data collection, when 

different shim settings were run through, used click number 15, that data had to be 

calculated “back” to click zero, before the final curve could be produced. So the formula 

for click 15 was used to subtract the velocity to correspond to click zero. After that was 

done, another click formula could be added to correspond to whatever click setting was 

chose. So far, only the compression side has been concerned, but rebound side also needed 

to be calculated. As far as the click setting is concerned, exactly the same procedure was 

used as with the compression side, but as mentioned in chapter 3.1.2, the area difference on 

the main piston between compression and rebound motion had to be taken into 

consideration. For that, formula 1.1 was used as a conversion factor.  

 
So far all the calculations would be done if only the TTX36 damper would be used in the 

setting bank. This project, however, included a few other damper types, and as previously 

discovered, there was a difference in flow resistance between them, so that had also to be 

considered in the calculation process. What was done then was that the force data from the 

flow force runs (explained in the previous chapter) had to be subtracted before any other 

calculations could be done. That way, the data would appear on a “neutral” basis, without 

any influence from the damper type. And because the TTX36 was the damper type used in 

the project, the flow force data for it was always subtracted. After all other calculations 

were done, the flow force data for the chosen damper was added back again, to complete 

the calculation process and display the correct force data for the current damper. Because 

all data collection was done with the TTX36, no regard to flow forces had to be taken when 

calculating curves for that damper. 
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4. Two-way adjuster 

4.1 Pre study 
For the two-way adjuster, most of the theory and information gained in the pre study of the 

one-way adjuster could be used; however the two-way adjuster adds another factor to the 

creation of the damper curve, the high velocity clicks. On the one-way adjuster, only one 

external adjustment was possible, the low velocity clicks. The two-way adjuster enables 

another option, so now adjustments can be made to both high and low velocity damping. So 

with further adjustment options, it meant that even more setting combinations were 

possible. Therefore, it was relevant to see how the high velocity clicks affected the damping 

curve and if it was possible to adapt a mathematical relation to try and avoid having to do a 

lot of more runs than with the one way adjuster.  

4.1.1 The two-way adjuster 

The two-way adjuster adds, as mentioned, another option to externally adjust the damper. 

Adjustments are here made to the bleed valves (low velocity clicks), which is the same as 

the one way adjuster does, but also the shim valves. So by adjusting the high velocity 

clicks, the force that is applied to compress the damper when it is compressed or extended 

at high velocity will increase or decrease (fig. 4.1). That obviously adds further setting 

combinations that had to be included in the setting bank.  

 

 
Figure 4.1. Showing the difference of two high velocity clicks, 30 (blue) and 20 (brown). The low velocity 

area stays more or less the same. 

4.1.2 Development of mathematical formulas 

As with the one way adjuster, the same theory could be used for the low velocity clicks and 

calculations were made in the same way for the two way adjuster. When it comes to the 

High velocity clicks, a new mathematical relation had to be found to avoid having to 

perform a very big number of runs in the dyno (as the possibility of adjusting the high 

velocity damping gives even more combinations than the one way adjuster). The hypothesis 

was that it would be possible to do a limited amount of runs on a few different click 

settings, and then calculate the clicks in between, and have enough accuracy for the 

calculated clicks. The theory worked as follows. Data would be obtained for one high and 
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one low high velocity click, for example click 10 and click 20. The difference in force 

between those clicks (click 20 force subtracted from click 10 force) would then be divided 

by the number of clicks in the range, in this case 10. It would then be possible to calculate 

any click in between by using formula 1.5, simply by subtracting the divided value 

multiplied with the desired click number from the click 0 force. That would generate the 

force values for that desired click. 

 

So testing began with running every 10th click, and using the formula to see if calculation 

of clicks in between 10 to 20 was possible. The results were very promising (fig 4.2), which 

led to testing if (almost) the whole range of clicks for a two-way adjuster would work. That 

would then limit the number of runs to only two per shim setting. The adjuster used in this 

project has 47 high velocity clicks (normally it is around 50 clicks, but it can vary a few 

clicks between different adjusters) and the calculation that was tested now was from 0 to 40 

clicks. The results can be seen in fig. 4.3. This was really promising, as the calculations 

were very accurate and it was deemed good enough to go by this method. This meant, as 

mentioned, that for every shim setting only two runs had to be done in the dyno, click 0 and 

click 40. The rest of the clicks could be calculated using the formula.  

 

High velocity click calculation
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Figure 4.2. Comparison of a curve calculation, by using the high velocity calculation formula (1.5) between 

click 10 and 20. The error in percent is also displayed. 
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High velocity click calculation
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Figure 4.3. Comparison of a curve calculation, by using high velocity calculation formula (1.5) between click 

0 and 40. The error is not displayed, but it is within the acceptance limit of 5 % or 10 lbs. 

4.1.3 Data collection procedure 

The data collection procedure was almost equal to what was done with the one way 

adjuster. The difference now was that, as explained in the previous chapter, runs on two 

different high velocity click settings (click 0 and click 40) was performed, instead of just 

one for the one way adjuster. The low velocity runs were performed equally between both 

adjusters and the damper was rebuilt and oil refilled using the filling machine in the same 

way as well. So, other than having to make two runs for each shim setting during the high 

velocity data collection, the whole procedure was identical to the procedure with the one 

way adjuster. Please see chapter 3.2.1 for more thorough information about how the data 

collection was performed. 

4.1.4 Curve calculation process 

Just like with the data collection for the two way adjuster, the curve calculation was 

executed more or less in the same way as the one way adjuster. Again, the difference comes 

with the high velocity adjuster which had to be taken into consideration when the damper 

curves were to be calculated. The main process of calculating the high velocity clicks have 

already been explained in chapter 4.1.2 and the rest of the calculation steps are clarified in 

chapter 3.2.2. However, some issues were discovered when using the calculation method 

for the one-way adjuster and combining it with the chosen method to calculate high 

velocity clicks. It seems that the root of the problem is the low velocity curves, which were 

obtained for the two-way adjuster. The second degree equation for click 21, which was the 

low velocity click all settings were run on in the data collection, is not accurate enough, or 

something is not working properly with it, because when the data was calculated back to 

low velocity click 0, the curve did not look like it should. Instead of having a very steep, 
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almost linear, slope in the low velocity area, it had a different shape where the curve even 

goes backwards in some cases, with decreasing velocity, in the graph (fig. 4.4).  
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Figure 4.4. Graph showing how the calculation to low velocity click 0 went wrong, as the data points actually 

goes backwards for a while. The steepest part of the curve should also have a different shape, more similar to 

a linear curve. 

 

This was of course not desirable, and consequently the calculated curves came out all 

wrong, which meant that there needed to be additional calculations to make the curve to 

better represent the actual 0 click curve.  

 

To eliminate this problem, the following method was used. When the data had been 

calculated to low velocity click 0, a linear curve was created under the knee part of the 

curve, where the force inclination start to fade. So instead of having the second degree-like 

curve during low velocities, a linear curve could replace it, which made the calculated 

curve match much better with the actual curve. Depending on where the knee is located, the 

linear part of the curve will vary. The theory behind it is to look at the difference in velocity 

(x) values, delta x, and how big that value is for each of the data points. As can be seen in 

fig. 4.1, during the steep part of the curve the difference between the x values is very small, 

which gives a small delta x value in consequence. When the knee starts to build up the delta 

x values starts to increase and are much bigger than those under it. By discarding any delta 

x values under a specific number, it was possible to let the linear part vary in height and 

length and stay under the knee at any calculated curve.  The results of this can be seen in 

fig. 4.2, where the same setting is used as in fig. 4.1. Do note that the pink curve is not 

using the same settings as the pink one in fig. 4.1, so they are not comparable. 
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Figure 4.5. Showing the difference between the calculated curves before and after the linear calculation was 

done.  

 

As seen in the figure, it might not make a big difference at this point, but when different 

clicks were calculated, especially in the lower range, it made a big difference and helped 

the calculated curves to better match the real ones.  
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5. Development of the software 

When the main study was complete, data had been obtained for both the one- and two-way 

adjuster, and together with the mathematical calculations, there was enough data to be able 

to build the setting bank. As previously mentioned, the reference data was stored in an 

excel document, from where calculations could be done, and development of the actual 

software, or reference program, started. The whole software was made entirely using 

features and functions within Microsoft Excel, such as macros and logical functions. This 

chapter intends to explain how the program itself is built up. On a side note, a macro (short 

for macroinstruction) is an input sequence which works like an instruction for a certain 

function to do something. For example, a very simple macro can consist of instructions to 

copy a sequence of words or a sentence, and then paste it somewhere else.  

 

The program consists of a single Excel document with different tabs that has different 

functions, but for the user only two tabs are visible, the graph-tab and the specification 

card-tab. It is from the graph tab that the user can build the damper with his settings and 

preferences, within the limits of the reference data of course. It is possible to select the 

desired damper type, the desired valve type (one- or two-way adjuster), the compression 

and rebound shim and valve setting (individually), and finally the click setting for 

compression and rebound (high and low velocity, or just low velocity depending on 

adjuster type). The user can then press the plot button to make the software produce the 

curve (both compression and rebound) of the chosen setting and display it in a graph. Up to 

six different settings can be viewed and compared in the graph at the same time. If the user 

wishes to clear the curves from the graph, there is a button for that as well. When the curves 

are produced, the specification card is also filled in with the chosen setting so the user can 

print it out, making it easier to build the setting in the real damper. Setting selections in the 

graph tab are made using drop down lists, which were created by making actual lists in a 

non-visible tab in the document. All the obtained data from the dyno runs are stored in the 

documents as well. The two-way adjuster comes with all the high velocity clicks pre-

calculated, thus it is only needed to calculate the low velocity data for each of the adjusters 

in the software. It does, however mean that there is a lot of data stored for the two-way 

adjuster. Also stored are the flow forces for each damper the user can choose from, which 

are subtracted at first and then put back again, after calculations are done.  

 

When the setting bank is used and the user presses the plot button, the software will try to 

find the selected settings within the document. With the help of various functions and tools, 

the software can look up the data and calculate it accordingly to match selected settings and 

then plot the curves in the graph. Most of this is made possible by logical expressions (such 

as if-statements and look up-functions). The first thing that the software will do when the 

user makes the setting selections is that it will check if a one or two-way adjuster is chosen, 

and narrow the possible setting selection down to what is possible for either the one or two-

way adjuster (only one-way settings can be chosen if the one-way adjuster is selected and 

vice versa). When the adjuster type is determined and the user has selected a shim setting 

for that adjuster, the software will look up all the data stored for that setting. It does not 

only consist of force and velocity data, but also information on what valve and shims are 

used as well as other information that is used for the specification card. Next are the click 

settings, and depending on what adjuster is used, low and high velocity or only low velocity 



44 

 

clicks are possible to select. Practically it is possible to select a high velocity click for the 

one-way adjuster, but it will not affect the final data in any way. So, for the one-way 

adjuster the software will look up and calculate the data according to the selected low 

velocity click. For the two-way adjuster, the software will first look up the data for the 

selected high velocity click and then calculate it according to the chosen low velocity click. 

Now the data is ready to be inserted in the graph, and that is also done by using a number of 

logical expressions, and a macro that copies and pastes the data to be presented. 

 

There are also a number of visual features, which does not regard any data or calculation, 

such as a scale function that lets the user adjust the scale on the graph to desired settings. 

For instance, this makes it possible to zoom in to a limited part of the curve for further 

analysis. There is also a custom curve function, where the user can manually put in selected 

force values and plot them against the calculated curves, for comparison and evaluation. 

Further it is also possible to press a button to print out the graph with the curves. The 

feature only prints the graph itself and not the rest of the document. As a final feature, the 

option to change unit system from imperial units (in/s and lbs) to metric (m/s and N) was 

added. That makes the setting bank even more versatile, as it can be used by customers 

preferring the metric system instead, and it will be easier to expand it to be used in 

European countries for instance. Figure 5.1 shows a screen dump of the finished setting 

bank software. 

 

 
Figure 5.1. Screen dump showing the main work sheet of the setting bank software. 
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6. Verification 
When the data collection and calculations were done, it was time to verify some of the 

curves with reference data. This was more or les performed during the whole project, as the 

mathematical theories and calculation steps constantly were tried out in the quest for 

obtaining a good calculation system. Previously an error range of ±5% or 10 lbs was set, 

and even if it sounds like a big range, it really isn’t, especially not on low velocities. As 

mentioned before, small differences in damper forces will not affect the ride and handling 

when the damper is used on a car and the driver will not feel any difference. Nevertheless, 

it was still important to make the setting bank as realistic as possible, and the verification 

process was an important part of that.  

 

For time saving reasons it was obvious that not every calculated damper curve could be 

evaluated against an actual curve, but a few samples were taken and some of the results can 

be seen in the following figures, 6.1, 6.2 and 6.3. Generally the results were very good and 

the calculated data was within the margin. Especially in the range of higher velocities, 10 

in/s and up, the error was well within 5 percent. The weak spot were the low force data, 

where the results were a bit more dynamic. Still, the sample data was within acceptance in 

most cases. 
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Figure 6.1. Verification of a setting on the compression side for the one-way adjuster, with the error 

displayed in pounds and percent. The blue curve is the calculated one and the pink is the reference. 



46 

 

Rebound

-180

-160

-140

-120

-100

-80

-60

-40

-20

0

0 5 10 15 20 25 30

Velocity (in/s)

F
o

rc
e
 (

lb
s
)

-20

-15

-10

-5

0

5

10

15

20

1DR0620-02

Reb ref

Error (%):

Error (lbs):

 
Figure 6.2. An example of a less good calculated curve, where the high velocity area is not reproduced 

properly. Again, the calculated curve is in blue and the reference in pink. This was a compression calculated 

for rebound. 
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Figure 6.3. Verification of a setting for the two-way adjuster. 
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Figure 6.4. Verification of a setting for the two-way adjuster. This setting match very well, but also has the 

same click setting as was used during the data collection. 

 

As seen in one of the graphs, it was sometimes a problem to match the reference data at 

very high velocity, but even if figure 6.2 does not look to match very well the difference in 

force is roughly 10 % and around 15 lbs, which is almost within the range of acceptance. It 

is possible, and likely, that similar calculated curves exists which does not match really 

well in the high velocity area, but the most important is to obtain a good match in the low 

velocity area (below 10 in/s). This, however, is how it turned out, and as explained further 

in this thesis, some future studies might be needed in order to optimize the calculation 

process even more. 

 

The error range is not displayed in the calculations for the two-way adjuster but at least in 

the example curves it is clearly seen that they stay within the 5 % limit at all times. 
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7. Conclusions 

7.1 Accomplishments 
The main goal of this project was to develop a working setting bank for different Öhlins 

dampers, which could plot damper curves with an acceptable level of accuracy. What can 

be said about that is that a working setting bank indeed was created, with all the desired 

functions. The greatest challenge with the project was to make the mathematical formulas 

and relations good enough for the goal of accuracy, and even at this stage of the project, 

when the setting bank is complete, it cannot be guaranteed that all the settings within the 

software will reach the goal of 5% or lbs. What can be said, though, is that the curves that 

were put to the test were good enough and some of them well within the limits of 

acceptance. There is obviously a lot that can be said about errors and accuracy, which the 

next chapter will discuss, but in the environment that this project was performed in, and 

with the given conditions, it is simply not possible to avoid all the error sources that arise 

when performing the project this way. On the other hand, without using mathematical 

relations and instead running all the settings in the dyno (which probably would have 

decreased the error range), it would have taken so much time to get everything done that it 

wouldn’t be possible to finish the project within the roughly two months that were 

scheduled. It would probably not have been very economical either to have someone to 

work with the project for the long time it would take to run through all settings.  

 

With that in mind it is realized that quality had to be weighed against the time consumption, 

and this had to be done throughout the whole project. Still, it is believed that the final 

product is indeed accurate enough to be used as a complement to actual testing in a dyno. 

Because that is really what it is about, even if the user and the developers always are 

looking to try to replace real testing equipment with a simpler and less time consuming 

alternative, this setting bank and also existing reference programs cannot be seen as 

complete replacements to test rigs, where the actual damper with its hardware is being 

tested for real. Instead one should look at this as a guide to how the damper curves will 

look, and even if it can be concluded that this setting bank is very accurate, it will never be 

perfect. Nevertheless, this project can be seen as successful as it has developed a firm 

foundation that can be elaborated even further, by including even more damper types but 

also by finding better mathematical solutions that can make the setting bank even more 

accurate than what it is now. And most importantly, it is a functioning product that will 

help Öhlins customers and employees finding their optimum setting in a faster and easier 

way than using an expensive and time consuming dyno. 

 

So what has been proved in this project is that it is possible to create a setting bank software 

with the chosen methods, and some discoveries when performing it was not known (or at 

least not thought of) before by Öhlins. One example is how the flow resistance differ so 

much between certain dampers, especially between the TTX36 and the TTX40. Another 

example is the affection of the damper temperature when it is being tested or used. It was 

previously known that the temperature did affect how the damper performs, but it was not 

for certain known how big of affection it really was. This, together with other discoveries 

and learning throughout this project, can hopefully be used to help Öhlins USA Inc. and 
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Öhlins Racing AB develop and build even better performing dampers that will make Öhlins 

an even stronger brand in the vehicle suspension market.  

7.2 Further studies 
In the previous chapter it was briefly discussed how accurate the setting bank was and that 

there were some things that needed improvement to make it even better. Still, one should 

keep in mind that it was concluded of good accuracy, but as the project progressed it was 

discovered here and there that improvements could be made, and that leads to some 

suggestions for further studies and development. 

 

It was from the beginning considered a problem with having more than one damper type to 

calculate curves for, as it was discovered that the difference in flow resistance was quite 

substantial in some cases, the TTX40 being one example. As it is calculated now, the 

TTX36 flow resistance is being subtracted first (as that was the used damper), and the flow 

resistance for the chosen damper in the setting bank is added again, and this is also how it 

should be performed. The problem is that the flow resistance is only regarded in the last 

steps of the curve calculations. To make the curves better, the flow resistance would have 

to be taken into consideration in earlier calculations, before the low velocity data was 

calculated back to click 0. Now, the flow resistance has been measured at a certain velocity 

that does not match with the calculated curves, as their velocity data has been modified. So 

to make it more realistic, the flow resistance would have to be modified to correspond with 

those new velocity points. That or use it in earlier calculation steps, and because the 

velocity data is different for each setting, it would not be preferred to modify the flow 

resistance data (as it would have to be modified as many times as there are settings), but 

instead use it before any other calculation is done. This was unfortunately realized too late, 

when there was not time to go back and change all the data, but it is an important lesson for 

future projects and modifications to this setting bank. 

 

Also the mathematical formulas and relations developed for the project was proven not to 

be perfect at all times, and even though they are working well, further studies could be 

made to try and optimize them and make them even more accurate. This is also related 

much to how the low velocity curves were run and how the second degree equations were 

obtained from them. A big part of the curve calculation process relied on the accuracy of 

the low velocity data, and when calculating data for the two-way adjuster it was discovered 

that some of the low velocity data might not have been collected with enough accuracy. 

That led to having to make adjustments and modification to the calculation process, which 

helped reproducing the curves in a better way. So to summarize, the calculation process 

could also be improved in some ways. Now, it is possible to keep discussing the errors and 

how it is possible to improve the setting bank, but there are always possibilities to keep 

improving, no matter what it is about. These are however the most important features that it 

could be worth to be looked further at in the future, in order to make the setting bank even 

better. However, the fact is that an error range was set up for the project, as it was known 

that this many calculation steps and possible factors would in fact generate an error. So the 

matters discussed here were not very surprising, even though you always want to look for 

the best solution. With the limited time this project has elapsed over, though, the best 
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solutions within that time scale was developed and the results of this is what you have just 

read in this thesis. 
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