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Abstract. This article starts from the structural analysis of a specific spatial gripping mechanism used 

in wood harvesting heads. This mechanism adapts the pressure direction to the trunk diameter. 

Considering particularities such as the symmetry plane of the mechanism and the actuator location, a 

structural synthesis is performed to find all the joint combinations allowing such an adaptive gripping 

behavior. 

Finally, nine innovative equivalent mechanisms are generated and represented in 3D. A critical review 

of the found solutions is established to identify their respective advantages. 
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1 Introduction 

The mechanization in wood harvesting has begun between the two world wars. In 
the first time, only the animal traction has been replaced by motorized vehicles in 
skidding activities. And step by step, the other functions of logging like falling, 
delimbing and ridging trees have been mechanized. The first “all-in-one” harvest-
ing machines appeared in the 80’s. Today, they are based on an all-terrain vehicle 
(Fig. 1-a) which carries a harvesting head (Fig. 1-b) suspended at the end of an ar-
ticulated hydraulic arm. 

The classical harvesting heads (Fig. 1-c) consist of a body (1), two upper mo-
bile knives (2-2’), two rollers (3-3’) and their support arms (4-4’), one or two low-
er mobile knives (5-5’) and a retractable chain saw (6). 

The gripping function is jointly assumed by the mobile knives and the roller 
arms. This article will only deal with the roller arms guiding mechanism. [1,2,3] 

Most wood heads apply a gripping pressure in the roller gripping motion plane 
YZ (Fig 1-c). SP MASKINER’s heads (Fig 1-b) introduced a new type of mecha-
nism which allows to give a spatial motion to the rollers in order to keep rather  
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Fig. 1 Wood harvesting machine (a), SP-MASKINER harvesting head SP561LF (b), kine-
matic diagram of a harvesting head (c), kinematic diagram of the patented mechanism used 

by SP MASKINER [1] (d) and its corresponding structural graph (e). 

parallel roller axes for small trunk diameter (better prehension) and make the axes 
converge for bigger diameter (sliding prevention for heavy trunks). [1,4] 

2 Structural parameters 

To describe a mechanism, G. GOGU defined in [5], p.128-129, the following 
structural parameters: 

(c) 

(a) 

(d) 

(e) 

(b) 
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 N = d	� − r (3) 

 T = M− S (4) 

� designates the mobility. It represents the number of kinematic parameters to 
be defined to fix the position of the mechanism. � is the number of joints in the 
mechanism. �� represents the degree of freedom in the joint i. 

For closed loop mechanisms, � represents the number of joints parameters that 
lose their independence in the loop closure. k is the number of limbs in the mech-
anism. 	��� is the connectivity between the last link of the open kinematic chain �� 
and the body, before closure. 	� is the connectivity between the link joining all the 
mechanism limbs and the body. �� is the sum of the r values generated by the in-
ternal loops of the different limbs of the mechanism. 

� is the number of overconstraints. d=3 for 2D and d=6 for 3D. � is the num-
ber of independent loops in a multi-loop mechanism given by Euler’s formula 
� = � − � + 1, where � is the number of joints and � the number of links in the 
mechanism. 

� is the structural redundancy. 

3 Structural analysis of the mechanism 

The SP MASKINER’s mechanism and its actuator (Fig 1-d and e) use 6 spherical 
pairs (S), 2 sphere/plane contact pairs (S/P), 1 planar contact pair (P/P), and 1 cy-
lindrical pair (C). In this mechanism, the linear actuator is constituted by two 
spherical pairs (S) and one cylindrical pair (C). 

The study of the actuator shows that it introduces 2 degrees of mobility in the 
global mechanism, without changing neither the overconstraints number nor the 
redundancies. The first level of simplification is to suppress the actuator. The 
mechanism without actuator will be called “unactuated mechanism” and the corre-
sponding structural parameters names will be appended with a “u” index. 

The arm 4 (resp. 4’) is connected to the frame 1 by two joints in parallel (S and 
S/P) that create an internal loop in the structural graph. The spherical joint located 
in A (resp. A’) and the sphere/plane joint located in B (resp. B’) generate two rota-
tions: one along the A-Z axis (resp. A’-Z axis) and another one along the A-B axis 
(resp. A’-B’ axis). Another level of simplification is to replace the two original 
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parallel joints by two serial revolute joints and an intermediate link 13 as shown in 
Fig 2-a. Then the internal loops disappear and the structural graph is simplified 
without changing the motion of roller arms (Fig 2-b). 

The structural graph presenting two identical loops, the study can be simplified 
by using the half mechanism structurally described in Fig 2-c. The letters corre-
sponding to the half mechanism structural parameters will be appended by a “h” 
index. 

The unactuated mechanism has two degrees of mobility: the link 12 can exe-
cute a translation in the plane defined by the P/P joint and a rotation around the C-
C’ axis. This last motion is allowed by the perpendicularity between the transla-
tion plane and the C-C’ axis. Without this perpendicularity, the unactuated mech-
anism has only one degree of mobility (�� = 1). The unactuated mechanism is 
not overconstrained (�� = 0) and has no redundancies (�� = 0). 

The half mechanism has two degrees of mobility (�! = 2), is not 
overconstrained (�! = 0) and has no redundancies (�! = 0). 

The analysis of the complete spatial gripping mechanism allowed, thanks to 
three levels of successive simplifications, to represent the mechanism by a single 
loop graph which will serve for the subsequent structural synthesis in the next sec-
tion. 

 

     

Fig. 2 Kinematic diagram of the equivalent unactuated mechanism with revolute pairs se-
rially connected (a), its structural graph (b), the corresponding half structural graph (c) 

and the half structural graph with the two unknown joints (J1,J2) (d). 

(a) 

(b) (c) (d) 
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4. Structural synthesis 

According to the IFToMM definition [6], a mechanism is a constrained system of 
bodies designed to convert motions of, and forces on, one or several bodies into 
motions of, and forces on, the remaining bodies. Structural synthesis of a mecha-
nism is the design process that permits to generate one or several mechanisms that 
comply with given requirements in terms of motion or force. In this work, solu-
tions will be represented qualitatively by their kinematic diagram, where joints are 
chosen and their local frames are defined qualitatively. The synthesis method uses 
a formalized representation of the mechanism based on its structural graph and 
unknown variables that code the joint nature. This was already used in [7] for 
gripper synthesis, in [8] for gear transmission synthesis and in [9] for linkage syn-
thesis. 

Two unknown joints J1 and J2 will be considered in this work: the joint be-
tween the frame 1 and the link 12 will be named J1 and the joint linking the arm 4 
and the link 12 will be named J2 (Fig 2-d). 

This structural synthesis is performed to find all the combinations of joints 
(J1,J2) that allow the two coupled rotations of the arm 4. 

Euler’s formula gives �! = �! −�! + 1. As the links 1 and 12 and the joint J1 
are common to the two half mechanisms, Euler’s formula for the whole mecha-
nism gives �� = #2	�! − 1$ − #2	�! − 2$ + 1 = 2	�!. 

Considering �� = �! = 0 and �� = 2	�!, equation (3) allows to write 
�� = 2	�!. 

The equation (1) applied to the unactuated mechanism becomes �� = 4 +
�#&1$ + 2	�#&2$ − ��. Applied to the half mechanism, the same equation (1) gives 
�! = 2 + �#&1$ + �#&2$ − �!. Then, �� and �! are related to each other by the 
following equation: 

 �� = 2	�! − 	�#&1$ (5) 

As �� = 1, the equation (5) gives the possible combinations of the half mech-
anism mobility �! (positive integer) and the degrees of freedom of the joint J1, 
�#&1$ (integer between 1 and 5) (Table 1). 

As �! = 0 and �! = 1, the equations (1) and (3) give: 

 �! = �#&1$ + �#&2$ − 4 (6) 

So the equation (6) gives the possible degrees of freedom �#&2$ for the joint J2, 
knowing the half mechanism mobility �! and the degrees of freedom �#&1$ for 
the joint J1. 

To determine the combinations, only the following joints are considered: revo-
lute pair (R), prismatic pair (P), cylindrical pair (C), spherical pair (S), planar con-
tact pair (P/P), sphere-cylinder contact pair (S/C), cylinder-plane contact pair 
(C/P) and sphere-plane contact pair (S/P). 
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Table 1. Combinations 

�! 
f(J1) 

Possibilities for 
J1 

f(J2) 
Possibilities for 

J2 
Nb combina-
tions (J1,J2) 

1 1 2 (P or R) 4 2 (C/P or S/C) 4 

2 3 2 (S or P/P) 3 2 (S or P/P) 4 

3 5 1 (S/P) 2 1 (C) 1 

    TOTAL 9 
 
The designation of the solutions is constituted by the corresponding letters of 

the two joints (J1,J2). For example, the mechanism (Fig 3-a) is named “(P,C/P)”. 

 

 

 

(a) 
(P,C/P) 

(b) 
(R,C/P) 

(c) 
(P,S/C) 

(d) 
(R,S/C) 

(e) 
(P/P,S) 

(f) 
(P/P,P/P) 
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Fig. 3 Mechanisms obtained with '( = ) (a-b-c-d), '( = * (e-f-g-h), '( = + (i). 

The number of combinations presented here could be increased by considering 
the different possibilities to orient the joints J1 and J2. However, these mecha-
nisms respect the symmetric plane (X-Z) in their representation. 

The mechanism “P/P-S” (Fig 3-e) is the simplified solution described in Fig 2 
from the patent [1]. 

The mechanisms “S-S” (Fig 3-g) and “S-P/P” (Fig 3-h) do not generate a sym-
metric movement of the two rollers arms relatively to the (X-Z) plane. Therefore, 
they are not interesting as gripping solution. 

The mechanism “P/P-P/P” (Fig 3-f) has one degree of mobility but this mobili-
ty does not activate the rollers arms. The part 12 moves along the common axis of 
the three planes of the planar contact joints. These three planes have a common 
axis because of the mechanism symmetry. 

The mechanisms “P-C/P” (Fig 3-a), “R-C/P” (Fig 3-b), “P-S/C” (Fig 3-c) and 
“R-S/C” (Fig 3-d) are easier to design because the passage from the half-system to 
the whole mechanism by symmetry does not change the mobility. So the geomet-
rical study can be limited to the half-system and the calculus remains easy to per-
form. 

The last operation to complete the structural synthesis will be to choose a link 
pair between which the actuator will be inserted. 

(g) 
(S,S) 

(h) 
(S,P/P) 

(i) 
(S/P,C) 
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5 Conclusion 

This paper starts from the structural analysis of a spatial gripping mechanism 
which is patented and used in wood harvesting and presents a synthesis method 
that leads to nine innovative equivalent solutions. 

Three simplifications are considered. Through the structural analysis, the 
mechanism is firstly considered without actuator. Then two joints connecting two 
links in parallel are replaced by two revolute pairs in series, in order to suppress a 
loop in the structural graph. Finally, the mechanism is shared in two symmetric 
halves. 

In the elementary mechanism thus obtained, a structural synthesis is performed. 
A couple of unknown joints are introduced (J1,J2) instead of two joints composing 
the initial solution. The aim is to find all the combinations of (J1,J2) allowing to 
have a whole mechanism with one mobility. The synthesis leads to nine solutions, 
including the initial one. 

These solutions are traduced into a kinematic diagram respecting the symmetry 
plane and orienting the joints (J1,J2) as generally as possible. Finally, a critical 
analysis is made from these assemblies. 

The transition from the structural graph to the kinematic diagram introduces 
geometric considerations, such as symmetry and joints orientation, which can 
modify the value of the structural parameters and then the behavior of the gripping 
mechanism. Further work will take in account this phenomenon to propose a strat-
egy to find all the geometric possibilities and identify the best ones. 
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