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Abstract 
KTHand is a robot hand designed within a doctoral thesis by Johan Tegin. KTHand is meant to 
be a simple construction, able to be produced for a low cost but still be functional thanks to 
feedback from tactile and position sensors. The mechanical construction of KTHand is based on 
three identical fingers, corresponding index finger, middle finger, and a thumb. Each finger 
consists of three movable links, called phalanges, connected by a leaf spring on the top. For the 
force actuation, a fishing line acting as a tendon is running through ducts in the phalanges. Each 
tendon is powered by a direct current motor in the hand, and this gives a finger three degrees of 
freedom (D.O.F.) with only one actuator, i.e. an under-actuated finger. To evaluate KTHand – 
simulations in the open-source software GraspIt! have been carried out. These simulations have 
been more or less successful, and a wish for simulation in another program has arisen. MSC 
ADAMS is a widely used and verified commercial program which is used for setting up 
advanced physical multibody simulations. ADAMS is fairly untested for the purpose of 
simulating robot hands and that is why it is of interest to see whether it is possible to successfully 
simulate the grasp dynamics of a robot hand, which is the topic for this thesis. 

As a starting point for the model design in ADAMS, a previously developed CAD model has 
been used since ADAMS provides the ability to import CAD files. To decrease the level of 
complexity, a number of simplifications have been done to the CAD model – unnecessary 
geometry such as screws and screw holes have been removed and curved lines in the geometry 
of the hand have been replaced by straight lines. 

After the simplified model was imported in ADAMS – joints, springs and contact conditions 
have been defined to obtain ranges of motion (R.O.M.) analogous to those of the physical 
prototype. To imitate the tendon which actuates a finger, a number of point forces have been 
defined. These point forces represent the reactive forces acting on the phalanges from the tendon.  

To perform a grasp simulation a number of different setups were used, each one with a different 
geometrical object to be grasped. Contact conditions between the hand and the objects were 
defined and the simulations were evaluated. The model can be used to simulate contact forces 
and how the hand interacts with different geometries. The conclusion of the simulations is that 
grasps based on shape give satisfying results while grasps based on friction force are of less 
accuracy. Friction conditions in ADAMS have turned out to be of low precision, and thus the 
grips based on friction become unrealistic. 
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Sammanfattning 
KTHand är en robothand utformad inom en doktorsavhandling av Johan Tegin. KTHand är tänkt 
att vara en enkel konstruktion som ska kunna tillverkas för en låg kostnad samtidigt som den ska 
vara funktionell tack vare återkoppling av taktila givare och positionsgivare. KTHands 
mekaniska konstruktion är baserad på tre identiska fingrar, motsvarande pekfinger, långfinger 
och tumme. Varje finger är uppbyggt av tre rörliga länkar sammanfogade av en bladfjäder på 
ovansidan. Kraftstyrningen i ett finger utgörs av en fiskelina som löper genom hela fingret och 
får sin kraft av en likströmsmotor i handen. Detta ger ett finger med tre frihetsgrader aktuerat av 
en motor, alltså ett underaktuerat finger. För att utvärdera KTHand har simuleringar utförts i 
programmet GraspIt!. Dessa simuleringar har givit blandade resultat varför en önskan om 
simulering i annat program har uppkommit. MSC ADAMS är ett utbrett och välverifierat 
kommersiellt program som möjliggör avancerade fysikaliska flerkroppssimuleringar. ADAMS är 
dock ett tämligen oprövat program för just robothandssimulering och därför är det av intresse att 
utreda huruvida en robothands greppdynamik framgångsrikt kan simuleras i ADAMS och detta 
är ämnet som behandlas i den här rapporten.  

Sedan tidigare finns en utförlig CAD-modell av KTHand och denna har använts som 
utgångspunkt för modelluppbyggandet i ADAMS eftersom CAD-modeller kan importeras i detta 
program. För att bland annat minska komplexitetsnivån har den existerande CAD-modellen 
kraftigt förenklats på så vis att all, för ADAMS-modellen, onödig geometri som t.ex. skruvar och 
skruvhål har tagits bort. Vidare har även geometrin förenklats genom att kurviga kantlinjer har 
ersatts av raka dito.  

I ADAMS har leder och fjädrar definierats, rörelsetvång har införts genom att upprätta 
kontaktvillkor och kraftstyrning har lösts genom att införa krafter representerande de 
reaktionskrafter som uppkommer inne i fingrarna från den genomlöpande ”senan”. 

För att sedan simulera grepp har geometriska objekt skapats i ADAMS varefter kontaktvillkor 
definierats. Modellen kan användas för att simulera kontaktkrafter och hur handen interagerar 
med föremål av olika geometri. Slutsatsen av dessa simuleringar är att formbaserade grepp ger 
mer tillförlitliga resultat än friktionsbaserade grepp. Friktionsvilkoren i ADAMS har visat sig 
vara mindre tillförlitliga och på så sätt är de grepp som är starkt beroende av friktion ej 
verklighetstrogna.  
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NOMENCLATURE 

In this chapter, the symbols and abbreviations used in the thesis are defined. 

 
 

Definitions 

Symbol Explanation 

b Length  

E Young’s modulus  
F Force (N) 

h Length  

I Area moment of inertia  

k Stiffness (kg/m) 

m Mass   

r Radius   

t Time  

Abbreviations 
ADAMS MSC MD ADAMS/View 
CAD Computer Aided Design 

CPU Central Processing Unit  

D.O.F. Degrees of Freedom 

R.O.M. Range of Motion  

 



 8 

  



 9 

TABLE OF CONTENTS 

 

 
ABSTRACT   1 

SAMMANFATTNING (SWEDISH)  3 

ACKNOWLEDGEMENT  5 

NOMENCLATURE   7 

TABLE OF CONTENTS   9 

1 INTRODUCTION   11 

 1.1 Background   11 

 1.2 Purpose   11 

 1.3 Delimitations   11 

 1.4 Method   12 

2 REFERENCE FRAME   13 

 2.1 Service Robots   13 

 2.2 Robot Hands   13 

 2.3 KTHand   14 

 2.4 GraspIt!   16 

 2.5 MSC MD ADAMS/View   16 

3 METHOD AND RESULTS   17 

 3.1 Model Concept   17 

 3.2 Geometry   20 

 3.3 ADAMS Model Design   22 

 3.4 Evaluation of Grips   28 

 3.5 Friction Based Grasps   36 



 10 

 3.6 Verifying the Model   40 

4 DISCUSSION AND CONCLUSION   43 

 4.1 Discussion   43 

 4.2 Conclusion   44 

5 RECOMMENDATIONS AND FUTURE WORK   45 

 5.1 Recommendations   45 

 5.2 Future Work   46 

6 BIBLIOGRAPHY    47 

APPENDIX A: FRICTION COEFFICIENTS USED IN CONTACTS   49 

  



 11 

1 INTRODUCTION 
In this chapter, the background, purpose, delimitations, and method of the project are explained. 

1.1 Background 
A prototype of a robot hand has been developed within a doctoral thesis [1] at KTH. The robot 
hand is designed to be a part in a service robot which here means a robot made to provide help in 
the domestic environment.  

Today’s market for service robots is quite small, partly due to high prices for final products, and 
that is why this robot hand – KTHand is intended to be a simple construction which easily can be 
mass produced for a low cost.  Even due to its simplicity KTHand must be functional and 
multifaceted since it is supposed to be capable of grasping objects of varying geometries.  

For evaluation of KTHand’s dynamical performances a 3D computer model has been used. This 
has been made in the simulation program GraspIt! which is a non commercial open-source 
program created by students, focusing on the grasping process. What GraspIt! does is that it 
visualizes the simulation of the robot hand in a 3D environment, as well as it calculates velocities 
and angles of the finger joints. In GraspIt! there is the possibility to build up a room consisting of 
robot hands, objects to grasp and other environment details like tables and fixtures. An issue with 
GraspIt! is that dynamical simulations are very time consuming which limits the speed of 
development. As for tactile sensing GraspIt! does not include any function for that but since it is 
an open-source program such modification has been made to the program. For verifying the 
results of the GraspIt! simulation; Matlab SimMechanics has been used. 

1.2 Purpose 
The purpose of this project is primarily to build a model of the robot hand in ADAMS and 
thereby make it possible to compare the results with the ones from GraspIt!. The ADAMS model 
is supposed to be actuated in the same kind of way as the prototype hand and also be able to 
grasp objects of simple geometry.  

Since ADAMS is a more verified program than GraspIt! it is of interest to see whether the results 
from the two programs are corresponding. It is also of interest to see how complicated 
implementing of tactile sensing is and how under-actuating works in ADAMS. 

The target group of this thesis is mainly the inventor of KTHand – PhD Johan Tegin with co-
workers and assigner Kjell Andersson, but also robotics researchers from other institutes. 

1.3 Delimitations 
In this project focus will be on designing the actual model of the KTHand in ADAMS. The 
purpose is not to improve the KTHand concept in any way and as for more mechatronical 
concerns, like the building of a control system for the model, that will not either be a part of this 
project. Furthermore specific grasp evaluation will not be done except for analysis of contact 
forces in a grasp. 
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1.4 Method 
As part of previous work with the KTHand, a CAD model has been designed in Solid Edge and 
this model will in this project be used as a solid basis to start from. This CAD model will be 
simplified in the way that all components that are unnecessary for the ADAMS model, e.g. screw 
holes and such, will be removed. When a simplified CAD model consisting only of the necessary 
geometries of the KTHand is obtained it will be imported in ADAMS. In ADAMS joints, springs 
and forces will be defined to the point where the final model can be evaluated. 
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2  REFERENCE FRAME 
This chapter introduces the concept of service robots and how KTHand has been designed. The 
simulation programs GraspIt! and ADAMS are also presented.   

2.1 Service Robots 
Service robots mainly refer to a robot designed for providing services in the domestic area, e.g. 
cleaning or dishing. A service robot should be able to grasp, move and release objects in a secure 
way, and all of this in a more or less uncontrolled environment. The robot system is often 
mounted to a rolling or walking platform and it includes a manipulator such as an arm and an 
end-effector. An example of an existing service robot concept is the humanoid robot Asimo 
developed by Honda [7], see Figure 1. 

 

Figure 1. The service robot Asimo developed by Honda. Image courtesy of Honda, © 2009. 

 

2.2 Robot Hands 
Robot hands can be used in many applications, for example as prosthesis or as an end-effector in 
a service or industrial robot. For service robots the robot hand is designed primarily for grasping 
and not for dexterous manipulation. That means that they are designed to fixate an object with a 
firm grasp and not for more complicated tasks such as tying shoelaces which would require 
much more advanced hard- and software.    
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2.3 KTHand 
KTHand was designed by PhD Johan Tegin as a part of his doctoral thesis [1]. It is a low cost 
robot hand but features force and position control. The fact that the prototype is possible to 
assemble for a cost of less than €1000 allows grasping research even with limited funding. 

The construction is based on “tendons”, consisting of fishing lines that tighten each finger with a 
direct current motor. The thumb and the two fingers are identical and consist of three links and a 
base link fixed mounted on the hand. This makes the fingers under-actuated. The three links are 
called proximal, middle and distal phalanx. The proximal phalanx is connected with the basal 
phalanx in the palm. Between the finger links a leaf spring act as hinges, see Figure 2 and it also 
extends the finger.  For the thumb there is a fourth degree of freedom, the rotational joint, and 
this is actuated by a servo motor. Figures 3 and 4 show the CAD model of the hand with 
measures from different angles. 

 

Figure 2. CAD model of the KTHand. Notice the leaf spring on the upper side of the thumb. 
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Figure 3. CAD model of KTHand, from A to C is the proximal, middle and distal phalanx. The thumb is numbered 
as finger 3. 

 

Figure 4. CAD model of the KTHand seen from above, with numbering of fingers. 

In the prototype hand the geometrically complex parts such as the finger links and palm are 
manufactured in DS Duraform [2]. The leaf springs are strips of SS716 steel with a thickness of 

 and a width of . For fastening the links to the spring, titanium screws are used. 
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Force sensing resistors are placed on each finger link and on the palm. The total mass of the hand 
is approximately  which is similar to the mass of a human hand. 
The electrical motors that pull the tendon in each finger can be switched off at any position in a 
grasp without loosening the grip. This is possible thanks to the high friction in the gearbox. As a 
result heat issues can be avoided and excessive power consumption is limited. 

2.4 GraspIt! 
GraspIt! is a simulator that can accommodate arbitrary hand and robot designs. It was created by 
students at the University of Columbia to serve as a tool for grasping research. GraspIt! is an 
open-source virtual environment for simulating robotic grasping tasks accompanied by a number 
of analysis and development tools. It has been developed in C++ using many other open-source 
libraries. 

2.5 MSC MD ADAMS/View 
According to MSC Software [6] ADAMS is the most widely used software in the world for 
multibody dynamics and motion analysis. ADAMS is used to help engineers improve and 
optimize their products through study of the dynamics of moving parts and how loads and forces 
are distributed throughout mechanical systems.  

ADAMS is a modern software which can replace the traditional “build and test” methods which 
nowadays often is too time consuming and expensive. CAD-based tools can be used to evaluate 
basic kinematic motions, but ADAMS has the advantage of taking regard of the true physic-
based dynamics of complex mechanical systems. 
For this thesis ADAMS/View has been used. It is a graphical user environment that allows users 
to build motion models and simulate them with MD ADAMS. 
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3  METHOD AND RESULTS 
This chapter explains the work process that has been used in the project and the results are 
explained. 

3.1 Model Concept 

3.1.1 Force Actuation 
The starting point for the model concept was to study only one finger of the hand and analyze 
how the force in the tendon was actuating the finger. The studies of the finger lead to the 
mathematical model which was meant to imitate the motion of the real finger as a function of the 
imposed force in the tendon.  

The context of this mathematical model was analysis of the reactive forces, resulting from the 
force in the tendon. This was made from equilibrium equations in given points where the tendon 
changes direction, as seen in Figure 5. By defining the given points relative to the parts of which 
they belong, it was possible to calculate the angles that the tendon bends in these points. This 
angle is then used to calculate the resulting force components in the point. Since the forces could 
be placed relative to the finger parts, these equations could be used during the dynamic 
simulation of the finger. 

 

Figure 5. Placements of the points in which the tendon changes direction and the resulting forces. Angles are 
measured in each point. 

The tendon is assumed to pull with a force F imposed from the motor controlling the finger. In 
every point that the tendon changes direction, resulting force components are calculated. To do 
this, the angle of the tendon in each point  is measured. This results in the following 
equilibrium equations for each point: 

 

                                         (1) 
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                                                    (4) 

 

                                      (5) 

                                            (6) 

                                             (7) 

                                                 (8) 

 

                                     (9) 

                                           (10) 

                                           (11) 

                                               (12) 

 

                                    (13) 

                                           (14) 

                                           (15) 
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                                               (16) 

 

                                    (17) 

                                           (18) 

                                           (19) 

                                               (20) 

This means that the force from the tendon, acting on the finger is 

                                                               (21) 

where m is the node and n is the force component. The tendon is fixed in point 0, which gives the 
resulting force: 

                                                                          (22) 
Node 6 is located in the base phalanx which is fixed in the hand, thus the resulting forces in this 
node do not affect the motion of the finger. In this model the tendon has been assumed to pass 
exactly through the nodes and without any friction. 

The next step was to integrate the mathematical model with a 3D model in ADAMS. For this the 
CAD model of the KTHand was used as a starting point but first after it had been simplified in 
such way that only the outer geometries were kept. This resulted in a model with the same 
measures, motions and grasping capability but only consisting of the necessary geometries. The 
purpose for the simplifications was to decrease the number of nodes in the surfaces of the model 
which would be used in ADAMS. This meant that the simulations could run smoother, without 
unnecessary working load on the CPU. The simplifications also lead to a better overview of the 
model which facilitated the handling and troubleshooting. 
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3.2 Geometry 
In the simplified CAD model it was prioritized to decrease the number of curved surfaces, 
remove non necessary geometries and to decrease the number of parts. The resulting model 
therefore consists of only the three fingers, the palm and the contact surfaces mounted on the 
fingers and the hands contact points. The simplified model consists of totally 36 parts of which 
16 are unique, compared to the original model which consists of 58 parts with 26 unique ones 
meaning a significant decrease of the number of parts. Both the original and the simplified model 
can be seen in Figure 6 and Figure 7. 

 

Figure 6. A comparison between the simplified and the original CAD model. 

 

Figure 7. A comparison between the simplified and the original CAD model. 

 

When the CAD model was exported to ADAMS an additional simplification of the finger was 
made. The plates, on the top of the finger, which prevents the finger from being bent backwards 
were integrated with the rest of fingers geometry with Boolean operations in ADAMS. 
Furthermore the internal structure of the finger, as seen in Figure 9, was removed to decrease the 
number of nodes. The simplified finger can be seen in Figure 8. 
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Figure 8. The parts of the simplified finger. 

 

Figure 9. A comparison between the simplified finger (on top) and the original one. 

3.2.1 Contact Patches 
In addition to the original CAD model – 10 contact patches were modeled. These were made to 
imitate the grasping rubber which is placed over the tactile sensors on the physical prototype. 
The possibility to integrate the patches with the rest of the finger was investigated but the 
positive effects of having them separate were dominant.  

Separate geometry for the contact patches simplifies the measuring of contact forces in a grasp 
and gives the possibility to compare those forces with the ones that are registered in the sensors 
of the physical prototype when it makes a similar grasp. Another advantage of having the contact 
patches separated from the rest of the finger is to make it possible for separate material and 
contact properties. That is important since the material properties for the grasping rubber of the 
prototype is very different from the properties of the finger material and it is of interest to make 
the ADAMS model as similar to the prototype as possible. 

The simplified CAD model was imported to ADAMS after it had been converted to the Parasolid 
[5] format. By importing the assembly file of the CAD model; the relative placing of the hand’s 
components were preserved and it was not necessary to use the ADAMS function Move to place 
the components in the right position. 
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3.3 ADAMS Model Design 

3.3.1 Rotational Joints and Torsion Springs 
After a closer investigation it was decided to use torsion springs in the finger joints to imitate the 
properties of the leaf spring of the real fingers. The torsion springs were defined in points where 
rotational joints, in ADAMS called Revolute Joints, had been created according to Figure 10.  
The revolute joints only have one rotational degree of freedom (D.O.F). which is the same for 
the torsion springs placed in the same positions. 

A consequence of using rotational joints between the phalanges is that the model becomes 
simplified. Since there is only one D.O.F. in each rotational joint – force components acting in 
other directions than that D.O.F will not affect the finger motion. This in contrast to the physical 
prototype where these force components would cause friction in the joints which counteract the 
rotational motions.  

 

 

Figure 10. Placements of Revolute Joints and Torsion Springs in a finger. 

 

3.3.2 Calculation of Spring Coefficient of Stiffness 
Since every joint of the finger is modeled with a torsion spring there will be a certain spring and 
damping constant for each joint. The stiffness in each joint is assumed to be linear and is 
calculated with given properties of the leaf spring. The spring coefficient of stiffness is 
calculated according to 

                                                                         (23) 

where   is the Young’s modulus, r is the  radius of bending and I is the area 
moment of inertia. In this case,  is calculated as 

                                                               (24) 

where  is the width and  is the thickness of the leaf spring. The radius of 
bending is  in Joint 1 and  in joint 2 and 3 defined in Figure 10. The stiffness of the 
joints is adapted to the unit  to correspond with the units which are being used in 
ADAMS. The calculated coefficients of stiffness can be seen in Table 1. 

3.3.3 Mass and Inertia 
When the geometries were imported to ADAMS as solids, the model could be assigned mass and 
inertia by specifying the density of each part. With the density given, ADAMS could calculate 
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the masses and inertias with respect to the volumes of the solids. The density being used was 
corresponding to the density of the material DS Duraform being used in the prototype which 
according to previous thesis [2] had a value of  Since the simplified geometry did not 
correspond to the original geometry, the value of the density was modified so that the actual 
weight of each part was matched with weight of each part in the physical prototype of the hand. 

3.3.4 Damping Coefficients 
As a starting point for finding the prototypes damping coefficients, the number of oscillations for 
a physical finger prototype was measured when it was released from its horizontal position with 
the basal phalanx fixed. After a series of tests the number of oscillations was estimated to seven. 
Now the same procedure was simulated in ADAMS and the number of vertical oscillations for 
the fingertip was measured with the ADAMS function Measure with regards to the position in 
the y-direction as a function of time. The result of the simulations was presented in plots and the 
damping constants of the torsion springs in the joints could in that way be adjusted until the 
number of oscillations was corresponding with the ones in the physical experiment. The 
oscillation of the modeled finger can be seen in Figure 11. 

 

Figure 11. Position of the fingertip as a function of time when stabilizing from horizontal position. 

When the finger was tested with tendon forces acting upon it, it was soon realized that the 
damping had to be increased. Since oscillations of the finger in the physical prototype of the 
hand are limited by the string, the damping was increased in the model to reduce the amount of 
oscillations to zero when the maximal tendon force of  was applied. The resulting stiffness 
and damping coefficients that were chosen for the fingers are tabulated in Table 1. 

Table 1. Stiffness and damping coefficients for the joints. 

 Joint 1 Joint 2 Joint 3 

 0.87 0.76 0.76 

 0.03 0.03 0.03 

3.3.5 Fix Joints 
To lock the contact patches to the fingers and palm, Fix Joints were used. Fix Joints in ADAMS 
are joints that lock all D.O.F. between two bodies. To use a Fix Joint, first two bodies must be 
defined but also a point where the bodies are ought to be locked. The location of this point is not 
very important for the outcome; in these cases the points were chosen in a corner for each 
contact cushion as seen in Figure 12.  



 24 

 

Figure 12. Placements of the Fix Joints (blue) in a finger and palm. 

3.3.6 Markers 
In the geometry simplification of the CAD model, all the tendon ducts inside the finger links 
were removed, so to use their placing the coordinates for the end of each tendon duct’s middle 
point were obtained from the original CAD model. In these coordinates Markers were defined. 
Markers in ADAMS are geometrical points with their own local coordinate system. These 
markers were given a placing relative to each components local coordinate system. The result of 
this was that they were given a fix placing in the component which then will follow the 
component in global moving and this was a necessity to get the force actuation to work as 
desired. 

3.3.7 Measures 
To continuously measure the angles of the joints during the force actuation, ADAMS Measure 
functions were used. These functions are measuring the angle between three points and the 
values of these Measures can be used continuously to control the magnitude of the forces. They 
are applied by selecting three points, where the middle point will become the placement of the 
angle measure. Measures can also be used to plot the position of an object, the magnitude of a 
force, or a user defined function. 

The length of which the tendon would be rolled in by the motor in the physical hand when 
grasping an object is of great interest to estimate the position of a finger. In the ADAMS model, 
this length is calculated with a Measure Function. The function operates according to 

                                                      (24) 

where  is the actual length of the rolled tendon,  is the total possible length that can be rolled 
in and , , and  are the actual distances between points 1 and 2, 3 and 4, and 5 and 6 
respectively. These points are defined in Figure 5. The total length of the rolled up tendon can 
then be used as a variable in other functions and it can be plotted as a function of the simulation 
time.   
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3.3.8 Forces 
To impose forces on the parts of the fingers according to equation 1 trough 22, ADAMS function 
Directional Force was used. This function acts as a force vector where the direction is locked 
either with regard to the parts local coordinate system, or locked in the global coordinate system. 
The forces were placed on the previously defined Markers, to get the correct placement and 
direction. In the force objects, functions were defined to adjust the magnitude of the force 
depending on a Measure used as a variable, according to the equations in Section 3.1.1. 

3.3.9 Contact Forces 
The ADAMS function Contact Force was used to limit the R.O.M. of the fingers. Between each 
neighbouring finger parts, a Contact Force was defined. This contact force was meant to prevent 
the phalanges from moving through each other. In other words, the contact forces were defined 
to make the fingers of the model have the same R.O.M. as the prototype. When defining the 
Contact Force there are a number of variables to set up, for example stiffness and penetration 
depth. The default values of the stiffness and the penetration depth were not satisfying as 
fluctuations in the contact forces could be seen during what was supposed to be equilibrium. 
Those values were adjusted until the contact forces became constant in this position when the 
fingers are fully closed. 

3.3.10 Force Actuation of Fingers 
Each finger in the model is controlled by applying a tendon force, which has been described in 
Section 3.3.8. To be able to vary the grip which the hand applies, these tendon forces must be 
controlled during the simulation progress. This attribute was eventually created by changing the 
magnitude of the tendon force with a STEP-function. The STEP-function is given an initial 
condition, an end condition, and the timeframe during which the force is varied, as seen in Figure 
13. The function then returns a value which is calculated with one of the function pieces, in this 
case the variation of the force is calculated with a cubic polynomial. 

 

Figure 13. Illustration of the STEP-function. 

Mathematically, the STEP-function operates according to [3] 

                                                               (25) 

                                                                   (26) 
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                              (27) 

where  is time,  is the initial condition, and  is the end condition. This function can then be 
changed between each simulation to create a certain combination of movements of the fingers, 
and it can also be used in other aspects in the model such as in Imposed Motions. 

Each resulting force component in the finger parts depend on the magnitude of the tendon force. 
To be able to use this value in the definition of the force components, a Measure was created on 
each tendon force. This Measure was then used as a variable in the force functions to represent 

. This also meant that the tendon forces could be plotted as a function of time during the 
simulation.  

3.3.11 Contact Forces on the Contact Surfaces 
When grasping an object, a contact condition needed to be defined. This was done by using the 
function “Contact Force” in ADAMS. The normal force was set to be defined by impact and the 
geometry to which to detect contact was set to “surface to surface”. To use the “Impact” 
definition a set of material constants, stiffness and damping as well as penetration depth and a 
force exponent needed to be defined. Two geometries are then selected to define which parts the 
contact force will act between, in this case the object which should be grasped and the finger 
contact surfaces. The contact damping and stiffness are defined with the relation according to the 
ADAMS help documentation [3], where the damping should be set to around  of the stiffness 
for the simulation to run smoothly. To set the appropriate stiffness a starting value of the default 
settings was used, and varied with emphasis on the visual penetration between object and fingers 
until a satisfying value was found. In the actual case, the contact surfaces are covered with an 
EPDM-rubber material, so the stiffness was set to  and thus the damping initially to 

 to correspond to the material properties. This damping was later adjusted to 
 after a series of friction tests described in section 3.5. A force exponent and a 

penetration depth are also allocated to the contact, and these can be seen in Table 2. 

Friction force attributes are also defined in the contact, and these are based on Coulomb-friction 
[4]. Values on the static friction coefficient  and the dynamic friction coefficient  were set 
depending on the materials in the contact, and were chosen from the same table of coefficients as 
used by GraspIt!, see Appendix 1. Since the finger contact patches are covered with rubber in the 
real hand, this has been used in all contacts. For the transition velocities for static friction  and 
for dynamic friction , values of  and  respectively where chosen based 
on tests explained in Section 3.5. ADAMS then calculates the actual coefficient of friction 
according to the function plotted in Figure 14.  
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Figure 14. Transition between static and dynamic friction. 

 

3.3.12 Three-Dimensional Movement of the Hand 
To be able to move an object, the hand needs to be able to move in the three-dimensional space. 
In the real case, the hand is moved by an ABB industrial robot according to [1]. In the ADAMS-
simulation, it was decided that the hand should be able to rotate around an axis and to be able to 
be moved in the plane perpendicular to the fingers’ initial horizontal position. By creating a 
cylinder representing the wrist and placing it with its center in the rotation axis, a movement 
constraint of a rotational joint could be created in this position. A planar joint was also created 
for movement in the plane, as seen in Figure 15. The movement in these directions could then be 
defined by creating so called “Imposed Motions” which define a displacement as a function of 
time. These functions were written with the previously described STEP-functions, but here the 
functions define a relative displacement or a relative rotation in the joint instead of force 
magnitude as used before in the force component functions. 
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Figure 15. Placement of translational (A) and rotational (B) joints inside the wrist and thumb. 

The thumb, finger 3, was also given a rotational joint in the thumb base since the physical hand 
has the capability to rotate the thumb. This gives the hand the ability to perform two-finger 
grasps of smaller objects. The rotational joint in the thumb is controlled by a STEP-function 
which regulates the rotational displacement of the thumb as a function of time. These movements 
were defined using the previously described STEP-functions, but here the functions define a 
relative displacement or a relative rotation in the joint instead of force magnitude as used before 
in the force component functions. 

3.4 Evaluation of Grips 
One of the main goals with the project was to create a better model than the previous GraspIt! 
model in regard to evaluation of grasp and grasp performances. Therefore it was investigated 
how comparison could be made between the new ADAMS model and the previous GraspIt! 
model. One way of doing this was to plot results of the contact forces in some grasps that had 
been previously tested in the GraspIt! model. 

To create the different grasps, several versions of the model were created with different objects. 
Individual contact forces had to be defined for every single surface which was supposed to create 
contact with the object, and therefore it was better to save the grasps as different files. In all the 
upcoming grasps in this report the contact attributes listed in Table 2 were used to define contact 
conditions between the object, the palm, and the ten contact patches of the fingers. 
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3.4.1 Grasp – Sphere 

Table 2. Parameters used for contacts. 

Contact parameters Value 

Static friction coefficient  

Dynamic friction coefficient  

Stiction transition velocity  

Friction transition velocity  

Contact stiffness  

Force exponent  

Damping   

Penetration depth  

 

The sphere was grasped by applying tendon forces of  to finger 1 and finger 2. The thumb, 
finger 3, was contracted with a tendon force of . The resulting grip can be seen in Figure 16. 
The tendon forces were applied by using the previously described STEP-function and thus the 
contact forces of the contact sensors increase until the full tendon forces have been applied, after 

 for the thumb and after  for fingers 1 and 2. The variation of the tendon forces can be 
seen in Figure 17.  

 

Figure 16. Grasping a sphere with a diameter of 85 mm resembling an orange.  
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Figure 17. Tendon forces when grasping the sphere. 

The reacting contact forces during the grip were measured with all contact surfaces and are 
plotted in Figures 18 to 21 for each finger and the palm. As can be seen, the contact surface 
closest to the palm (DEL 3) in fingers 1 and 2, do not get any grip of the sphere. The variation of 
tendon length is plotted in Figure 22, where the length is rolled up on the motor pulley. The 
simulation was made with 500 steps and the total simulation time was  on an Intel 
Core2Quad Q9400 running Windows XP. The results can be compared to results in Paper E in 
[1]. 

It was also tested to unload the tendon in finger 1 and only grasping with fingers 2 and 3. By 
doing this, it could be seen that the tendon forces were of sufficient magnitude to grasp the 
sphere with only two fingers to keep it in place. 

 

Figure 18. Contact forces for finger 1 when grasping a sphere. 
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Figure 19. Contact forces for finger 2 when grasping a sphere. 

 

Figure 20. Contact forces for finger 3 when grasping a sphere. 

 

Figure 21. Contact forces in the palm contact surface when grasping a sphere. 
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Figure 22. Tendon lengths when grasping a sphere. 

3.4.2 Grasp – Cylinder 
A grip of a solid cylinder was tested in the same manner as the sphere, with the same magnitude 
of tendon forces. The cylinder had a diameter of  modeled with a twenty sided circle and  
a mass of . The grip can be seen in Figure 23. By changing the timing of the forces, the 
impulse that emerges at the impact of the fingers to the cylinder could be reduced. The contact 
forces which occurred during the simulation are plotted in Figures 24 to 27. The simulation took 

 on the same Intel Core2Quad Q9400 running Windows XP. In this grip, it can be seen that 
the innermost contact patch in fingers 1 and 2 do not get any contact when the grip stabilizes. In 
finger 3, the thumb, the middle contact patch does not get any grip. The tendon lengths can be 
seen in Figure 28. 

 

Figure 23. Grasping a cylinder. 
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Figure 24. Contact forces in finger 1 when grasping a cylinder. 

 

Figure 25. Contact forces in finger 2 when grasping a cylinder. 

 

Figure 26. Contact forces in finger 3 when grasping a cylinder. 
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Figure 27. Contact forces in the palm of the hand when grasping a cylinder. 

 

Figure 28. Tendon lengths when grasping a cylinder. 

3.4.3 Grasp – Two-Finger Grip of a Dice 
A two-finger grip using finger 1 and 3 was conducted in the same way as the two previous 
grasps with the same contact-parameters from Table 2 and computer setup. A small 

 dice with a mass of  was modeled and grasped with a tendon force of 
 in each of the two fingers. Gravity was discarded to improve the final grasp pose and the 

simulation was done with a 500 step 5 second runtime. The simulation took 81 seconds to 
compute. The final pose of the hand can be seen in Figure 29 as well as the contact forces in 
finger 1 and 3 in the plots of Figure 30 and 31. The tendon lengths were also plotted and can be 
seen in Figure 32. 
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Figure 29. 2-fingergrip grasping a 20x20x20 mm dice. 

 
Figure 30. Contact force of finger 1when grasping a dice. 
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Figure 31. Contact force of the finger 3 grasping a dice. 

 

Figure 32. Tendon length when grasping a dice. 

3.5 Friction Based Grasps 
For such grasps where the fingers meet planar surfaces, e.g. when grasping a book or similar 
shaped box, the final position of the fingers depend on the friction between the contact surfaces. 
If the friction is not sufficiently large, the fingers will slide on the surface of the grasped object 
and end up in an abnormal position as seen in Figure 33. When attempts were made to grasp a 
pocket book in the ADAMS model this particular problem was discovered with the friction 
model. At first this phenomenon could be seen when grasps of objects such as cylinders and 
spheres were made. It was discovered that regardless of the imposed force of the grasp, the 
objects own weight made the object slide in the direction of gravity. Increasing force of the grasp 
only made the sliding speed decrease but never stop completely. The problem with this was that 
to make a visually proper grasp of an object with planar surfaces, as in Figure 34, the force of the 
thumb had to be much larger than the force of the upper fingers. This meant that the thumb 
would slide on the contact surface, as seen in Figure 33. The lack of adequate friction would 
make the fingers slide into an abnormal end position, thus failing to properly grasp. 
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This abnormal grasp unfortunately occurred when forces in the size of what was necessary to 
counteract the objects own weight where imposed. Even though coefficients of friction of 1 were 
used, the grip failed and thus the hand could not hold the object against gravity. This problem 
had obviously something to do with the model of friction in ADAMS and a separate 
investigation of this problem was conducted. 

 

Figure 33. Failed grasp of a Pocketbook-shaped box. 

 

Figure 34. Visually satisfying grasp, but with inadequate grasp force. 

To make this investigation of the model of friction in ADAMS – a simpler model than the hand 
was set up.  The new simple model was based on two cuboids of which one was locked in space 
acting as a wall, and the other one was affected by a force directed towards the wall and a force 
in the center of mass acting as gravity, as seen in Figure 35. This model was set up with regard to 
the possibility of verification by basic mechanics and also the possibility of a physical 
experiment. According to the basic mechanical theory the static friction force resulted by the 
horizontal force will make the free cuboid fix against the wall if the horizontal force is large 
enough to counteract the vertical gravity force and create torque equilibrium. 
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Figure 35. Simplified model of friction force acting on a box, assumed to create torque equilibrium. 

This simple model was simulated in ADAMS with a measure of the cuboid’s vertical 
displacement, in its center of mass, as a function of time. As a starting point for the parameters of 
the Contact Force function between the cuboids, ADAMS default values were chosen. These 
values were then adjusted one by one for the purpose of finding the parameters which gave the 
least sliding, as in Table 3. The parameters were then used in the hand model. 

The results of the friction investigation showed that independently of what values the parameters 
are set to, the object will still slide. The conclusion of this is that ADAMS cannot simulate 
friction in the way that the KTHand model needs. Presumably ADAMS is designed to use 
friction forces as losses in dynamical situations more than as a controlling force in a static 
situation. This can have something to do with the speed dependence but a further investigation 
would be needed to fully verify this. 

Table 3. The variation of contact dependent variables in study of friction. 

Contact/Friction parameters Value 

Static friction coefficient 0.5-5 

Dynamic friction coefficient 0.5-5 

Stiction transition velocity  

Friction transition velocity  

Contact stiffness  

Force exponent  1-10 

Damping   

Penetration depth  

Tendon force 1-30 N 

As a result of the investigation of the friction problem MSC support was contacted with regards 
to this error. They replied with a model claiming to be working with what they called a similar 
setup as our simplified model. Their model consisted of a small box on a bigger box and a set of 
links working as a moving grappling claw with contact surfaces and friction, as seen in Figure 
36. Similar parameters as the previous model were used, shown in Table 3. This setup proved to 
be working with close to zero slip movement, plotted in Figure 37. The only downside with this 
verification was that the forces used to push the links together was more than ten times bigger 
than the force pulling the box downwards, thus still going against the simple thesis that a friction 
coefficient of one should give a lift force equivalent to the down force if the grasping force was 
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equal or bigger. If the grasp force in the model was equal or within 1 to 5 times larger than the 
pulling force there was still some slipping effect according to Figure 38, thus proving that even 
under possibly the best conditions for setting up a simplified grasp scenario the slipping would 
still occur.  

 

Figure 36. 1) The links are moved towards the box. 2) The links are then moved upward. 3) The friction force 
between the links and box is large enough to withstand the downward force from the weight of the box. 

 

Figure 37. Measuring of vertical displacement of the box by its centre-marks position over time. The grasp forces 
are 10 times bigger than the downward directed force. No slip behaviour. 
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Figure 38. Measuring of vertical displacement of the box by its centre-marks position over time. The graspforces are 
here two times larger than the downward directed force. Slipping movement is showing. 

3.6 Verifying the Model 
To verify that the model is set up correctly, a simple test was conducted. When pulling the 
tendon in the physical finger with a pre-defined force, the contraction of the finger was 
registered and photographed. The force that the tendon was pulled with, , was large enough 
to contract the finger but small enough to prevent contact between the finger parts. The force was 
measured with a linear dynamometer, as seen in Figure 39. A force of equal magnitude was then 
applied in the ADAMS model, and when the simulation was conducted the finger contraction 
could be observed. As can be seen in Figure 40, the bending of the simulated finger is analogous 
with the physical finger, and thus the model can be regarded as quite accurate. 

 

Figure 39. The dynamometer used to conduct the test. 
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Figure 40. Comparison between the physical finger and the simulated finger with a tendon force of 3.5 N. 

A second test was conducted to see how large the tendon force needed to be to fully contract the 
physical finger. The same test setup was used, but now the dynamometer displayed a value of 

. The comparison between the physical finger and the simulated model with this force are 
also very similar, as displayed in Figure 41. When the tendon force was lowered to straighten the 
finger, a self-locking effect of the tendon was noticed and not until the force was about  the 
finger started to straighten out. This effect is estimated to occur due to the friction forces upon 
the tendon in the tendon duct of the finger, and since they were omitted in the simulated model 
they were quite expected.  
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Figure 41. Testing the full contraction of the finger. The registered force was 9.5 N. Notice the contact forces 
displayed in the ADAMS model. 
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4  DISCUSSION AND CONCLUSION 
In this chapter, the previously described working method and results are discussed and 
evaluated, and conclusions are drawn. 

4.1 Discussion 
In the early stages of the project, several concepts of controlling the hand were developed. One 
of these concepts which was evaluated was to model the tendon in ADAMS. Unfortunately, 
ADAMS/View does not have the feature of modeling belts or cords. After some research, it was 
found out that this feature is incorporated in ADAMS/Engine but not in the /View version. A 
second attempt to model the tendon was made by creating links of small cylinders and 
connecting them to a string. However, this resulted in too large complexity of the model, and the 
attempt was aborted.  

Instead of modeling the tendon, it was decided that the reaction forces upon the finger from the 
tendon should be attempted to model. The success of this solution was finally revealed when the 
finger was bent in a natural way with only a tendon force specified. Since the model now was 
force controlled, it differed slightly from how the physical hand is controlled. Hence, it could not 
be position controlled without knowing what force was needed for a specific contraction of a 
finger. However, this problem was considered to be of less importance because the purpose of 
the model was to evaluate grips and thus measuring how the hand reacted with an object. 

The physical KTHand is controlled by taking input from the tactile sensors in the fingers, and it 
can then evaluate and change the grip with regard to the contact forces that occur. This has 
partially been fulfilled in the ADAMS model, since the fingers can register the contact forces. 
However, the movements of the fingers in the model do not react to input from the contact 
forces, and a solution to this has not been found during this project.  

When modeling the contact conditions, a lot of difficulties came up regarding the friction 
between the object and the fingers. Simple tests were conducted to increase the understanding of 
how ADAMS calculates the friction forces in a contact and how the parameters should be set up. 
However, no simple solution was found to this problem which makes friction based grips 
unreliable in the model of the hand. When discussing this problem with Johan Tegin, it was 
found out that this has been a common problem and it had also showed up in his simulation with 
GraspIt!. A large amount of time was spent on solving the friction problems, and if this time 
could have been spent on adding more features to the model, the outcome of the project may 
have been different. 

To verify the model, a simple test was conducted. It was easily seen that the movements of the 
fingers in the ADAMS model were very accurate. More tests could have been made, for example 
to compare the force that the finger creates in the fingertip when applying a certain tendon force. 
However, these tests were not considered to be needed. The friction upon the tendon in the 
physical fingers causes a self-locking effect when the tendon force is lowered. This effect makes 
the straightening of the fingers from a contracted position differ from the ADAMS model, 
however the effect is most likely unwanted in the physical hand. Although the self-locking effect 
causes this problem, the grips made in this project do not depend upon the straightening of the 
fingers and thus the effect does not cause a problem. In spite of this, the effect could be a 
problem in future, more complex simulations. 
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4.2 Conclusion 
An ADAMS model of the KTHand has been designed with the use of the reacting forces from 
the tendon in a finger upon the parts of that finger. The model can react with objects such as 
spheres, cylinders, and other more complex geometries with contact functionality. By defining 
contact, objects can be manipulated in a realistic way as long as the grasp condition does not 
depend on friction. For friction based grasps the model is not fully evolved and further 
investigation is recommended. Information such as the contact forces in each part of the fingers 
can be plotted, and also almost any parameter from the simulation. 

The following conclusions can be drawn about the use of ADAMS in robotic applications:  

ADAMS – 

• Can be used to simulate the movement of robotic hands, as well as mount them on a 
robotic arm to add more complex movement patterns. 

• Can be used to calculate dynamic change of forces depending on geometric movement. 
• Works well with contact behavior in internal parts and when interacting with free 

objects. 
• Can be used to model under-actuated motion. 
• Can be used for tactile sensing by measuring contacts.  
• Has inadequate friction functionality for simulating friction based grasps. 
• Can be used instead of open-source programs such as GraspIt! for simulation of robotic 

hands. 
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5  RECOMMENDATIONS AND FUTURE WORK 
This chapter describes recommendations for future work with KTHand and ADAMS. 

5.1 Recommendations 

5.1.1 Stiffness and Damping 

When setting up a grasp simulation it is recommended to use a fairly small stiffness (e.g. in the 
range of ) when defining the contact between the object and fingers. If the 
stiffness is set too high, it could result in bouncing between fingers and objects as well as 
increased CPU load. As for the damping it is according to the ADAMS documentation 
recommended to use one percent of the stiffness, this has proven to be of great help and works as 
a starting point when trying to find the right parameters. 

5.1.2 Number of Steps in Simulation 

The default number of steps in ADAMS for dynamic simulations is 10 per second. Our studies 
has shown that to be able to study  the dynamics of the hand, no less than 50 steps per second 
should be used as minimum to be able to obtain adequate plots of e.g. the contact forces or 
results of similar concern. 

5.1.3 Static Equilibrium  
ADAMS includes a function for finding the static equilibrium. For this model that function can 
only be used if all imposed forces are zero and not for studies of friction based grips that would 
slip over time, e.g. lifting objects with mass in a gravitational environment. Thus rendering this 
function useless for any other application than to quickly find end positions for the finger under 
influence of small forces only, this has proven to be quicker than running a simulation but fails 
to be useful because of the small range of forces it is compatible with. 

5.1.4 Step Functions 

For the purpose of avoiding unnecessarily large impulses in forces or movement which often 
result in simulation crashes or failed plots, it is recommended to use step functions for all applied 
forces and imposed motions. This can be done by using the STEP-time function as described in 
section 3.3.10. I.e. the threshold of which the force is altered becomes smoothened out and 
therefore prevents momentary changes which would affect the simulation in bad ways causing it 
to crash.  

5.1.5 Force Operated Grasps 

Since the model has some problems of getting the friction to work properly it cannot make any 
force operated grasps that are dependent of friction force i.e. it can only succeed with grasps 
where the geometry of the hand syncs with the object, making it independent of friction for a 
successful grasp. Therefore it is recommended that grasps are tested on geometrical compatible 
objects, such as cylinders and spheres. 
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5.2 Future Work 
Next in line as future work would be to continue the investigation of the misbehaviour of the 
friction in contacts, when interacting with objects. As previously stated in 3.5, all of the grips 
that are friction based are not working properly at the moment. If this was to be solved, the 
model would prove to be of more use and focus could be directed towards the controller and the 
force feedback functionality.  

Emphasis should, after the friction problem is solved, be directed to the models controllers. 
Eventually, control of the model could mean making it steerable and hopefully autonomous, 
being able to grasp by itself as close to the real prototype as possible. One way to do this would 
be to build a program that controls the forces of the tendon depending on length of the tendon. 
Feedback from the contact patches, using them as sensors and continuously evaluating contacts 
and grip quality, could be used to interact with objects. This probably will not be possible to do 
exclusively in ADAMS, because of what we have seen this far, it shows inadequate 
programming capabilities. Therefore it is recommended to further investigate if ADAMS can be 
bridged to some other programming environment, such as C++ or MATLAB and be controlled 
from there, or if it is possible to control the model by using the Controls Toolbox in ADAMS. To 
fully take advantage of this model it would be very interesting to mount the hand on some kind 
of robot arm and implement a control system into that as well. 
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APPENDIX A: FRICTION COEFFICIENTS USED IN 
CONTACTS 

In this appendix, the friction coefficients that have been used for all contacts are tabulated. The 
values are equivalent with the coefficients of friction that were used in the GraspIt! Simulations 
made in previous work. 

 

Table 1 Static coefficients of friction. 

 Frictionless Glass Metal Wood Plastic Rubber 

Frictionless 0 0 0 0 0 0 

Glass  0,2 0,2 0,3 0,2 1 

Metal   0,2 0,3 0,2 1 

Wood    0,4 0,4 1 

Plastic     0,3 1 

Rubber      2 

 

Table 2. Dynamic coefficients of friction. 

 Frictionless Glass Metal Wood Plastic Rubber 

Frictionless 0 0 0 0 0 0 

Glass  0,2 0,2 0,3 0,2 1 

Metal   0,2 0,3 0,2 1 

Wood    0,4 0,4 1 

Plastic     0,3 1 

Rubber      2 
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