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Abstract. The last developments regarding the valve train system used in combustion engines leads to the 
simulation way. The aim is to recognize the potential improvement and to reduce the development time. The 
tappet is one of the central parts that influence the general dynamic system. The approached model reaches the 
hydrodynamic oil distribution and the forces/moments involved in the tappet system. The main idea is to analyze 
the tappet rotation and evaluate its influence in the system. The knowledge of this sub-system is important to 
evaluate ware and noise that came from this contact, as well as, friction evaluation for the command general 
optimization. To reduce wear, the tappet must rotate, but in some applications the tappet has only a linear 
displacement. Through the knowledge of pressure distribution, the forces in the sub-system are known. 
Considerations about friction, moments and tilting generated by the reactions in the tappet, enables  the 
balancing conditions in the system. With these evaluations it is possible to notice the condition that allows the 
tappet rotation. The geometry can be optimized to achieve better results.  
Keywords: - Valve train system, pressure distribution, axial tilting. 
 
1. Introduction     
     

The emissions reduction and power improvement, for the modern passenger cars is a constant challenge. 
Emissions reduction is an issue mentioned many times to the engine designers, environmental friendly fuels need 
to be carried out in parallel with engine development, adding to the beliefs that fuels of biomass and renewable 
sources might account for about 20 % of Europe’s fuel requirements. Natural gas is also significant, particularly 
in terms of lowering CO2 levels, the company that introduces a power unit of this type  meets EU4 emissions 
levels with CO2 20% reduction (Birch, 2005). The decrease in emission level is also important for the 
automobiles improvement. In Europe and the US the limits are getting so small that they are hindering the engine 
projects. HVA (hydraulic valve adjusters) is one of the items that aids the emissions reduction, facilitating the 
designer work when they want to reach a lower level of emissions. With the new systems OBD (on board 
diagnosis) the vehicle electronics central  demands a more optimized engine project. Through the years HVA is 
being more and more redesigned to achieve the customers requirements. Some works have been published with 
these considerations, specially with highlights in the valvetrain system (Alexander,2004 and Carney,2004). For 
some years we have been trying to achieve some parameters to design the entire camshaft / tappet contact . The 
experience showed that it is necessary to collect some information in the literature to improve the models. The 
experiments are expensive and demand an unavailable time. The trends in the market can not wait to the whole 
models, which means, that it is necessary to approach the models with experience .     
 
2. Mathematical Model  
 

The evaluation that will be treated here refers to the tappets (highlighted in Figure (1)). This tappet that will 
be called “journal” is considered inside of the formulation as a conventional axis (or shaft/journal). The guidance 
hole where the axis or journal slides along will be called “bearing”. Figure (1) shows an illustration to 
demonstrate the application. The objective of the study is to evaluate the involved forces in the hydrodynamic 
system, reaching thus, the maximum force that the system can support in dynamic condition of operation. With 
the same importance we have the evaluation for the shaft tilting (fundamental requirement for the wear 
distribution in this component type). The rotation on the tappet is necessary to reduce the wear in the contact 
with the camshaft, in this case the rotation distributes the wear and avoids the damage in some concentrated 
points. The mathematical model to describe the pressure distribution inside the bearing is based on Figure 3. The 
Reynolds Equation is applied to solve the hydrodynamic pressure distribution considering a laminar flux of an 
incompressible oil fluid film (Cavalca, 2001). 



 

 

Figure 1. System Sketch 
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Figure 2. Journal - bearing system 
 

Symbols list: 
e - eccentricity between the journal and the bearing 
φ - eccentricity angle between the journal and the bearing 
L - bearing width 
hmin - minimal oil film thickness  
hmax - maximal oil film thickness  
D - bearing internal diameter 
x, y, z - cartesian coordinates system 
θ - angular coordinate system 
0b - geometric bearing center 
0j - geometric journal center 

 
3. The hydrodynamic bearing  
 

The whole system is based on the equation of the hydrodynamic lubrication proposed in 1886 by Dr. 
Osbourne Reynolds in the published article - " On the Theory of Lubrication and its Application to Mr. 
Beuchamp Tower's - Experiments, including in Experimental Determination of the Viscosity of Olive Oil ".. We 
have the Reynolds Equation  (Reynolds, 1886): 
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Where: 
x,y,z - bearing cartesian coordinates 
P - oil film pressure 
H - oil film thickness 
µ - oil kinematic viscosity 
U0, U1 - circunferential velocities of journal and bearing, respectively 
V1 - radial velocity of journal 
 

The oil film thickness is composed in relation to z  and θ as indicated below : 
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The tilting is considered in relation to the eccentricity or tilting angel α : 
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Achieving finally the complete expression : 
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4.  The Finite Difference Method for Reynolds Equation   
  

The pressure distribution in the HVA Support System for valve train system can be calculated through 
second order non partial homogeneous differentials which, in most of the cases, do not have complete solution. 
The  differential solution of Reynolds equation is based on a balance of forces in a flux element for 
incompressible Newtonian fluid which is subject to a laminar flux. The external forces are in balance with  
hydrodynamic and  friction forces. Considering the exposure, the dimensionless  Reynolds equation presents a 
numeric solution (Cavalca e Cattaruzzi, 2001; Pinkus,  1956,1959; Irretier, 2002): 
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Equation (8) can be considered in the format:   
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5. Hydrodynamic Forces Solution in x, y and z directions   
   

Once the pressure distribution was evaluated through the Finite Difference Method as well as the oil film grid 
discretization,  a Gauss Seidel interative process was applied to achieve the pressure values in each point of the 
oil film. Gauss Seidel's interative process allows the increasing of pressure values accuracy. The hydrodynamic 
forces in x, y and z directions can finally be evaluated from the projection of the resultant force F in each 
cartezian coordinate direction for each discretized point.   

The sum of all projections in each direction gives the general hydrodynamic force components Fx, Fy and Fz:  
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Figure 4. Pressure distribution circuferential in (θ) and (z) axial directions 

        
Once the global cartezian components of the hydrodynamic supporting force is defined, it is possible to 

proceed with the evaluation of the maximum permissible force on the top of the journal for the support 
condition, as well as the friction component  with the roller camshaft system in accordance with the study 
situation presented .   
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5.1 Moment Equilibrium to the Tappet      

To the evaluation of the tappet equilibrium in the system of valve train command, the solution of the 
Reynolds differential equation through finite difference method, provides a pressure distribution for a certain 
operation condition of the oil film. The distribution of hydrodynamic forces acting in the tappet is reached. These 
values are considered in the equilibrium equations of the system. 

In the simulations, considerations about the tappet tilting, radial displacement and  tappet relation in respect 
of the guide hole will be approached. From then, it is possible to observe where to evaluate the action forces of 
the command and the reaction forces of the valve. There should be mentioned again that the considerations are to 
a determined operating condition, which means, the thermal effects of the aluminum and the steel due to a 
temperature variation is not taken into account. With these observations, it is possible to verify the performance 
of the system in respect of the spring forces and to the command shape design (Figure 4) (Schmidt,1995; 
Pischinger,1994 and 1999). Considering the contact point between the camshaft and the tappet, and the pressure 
distribution, the equilibrium condition is : 
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Where:  MI = Resultant moment from hydrodynamic forces 
 M1 = Moment in x direction 
 M2 = Moment in y direction 
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Where:  p(θn, z) = hydrodynamic pressure  in the mesh referential (θn,z) 
  h’(z) = axial coordinated z from reference O 
  rS = tappet radius 
  θn = journal bearing circumferential coordinate  
 

The final moment MI resulting from the sum of all moments due to the hydrodynamic supporting forces, 
leads to the rotation of an angle βK of a perpendicular plan to the top face of the tappet (Figure 4): 
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Where: βK = angle of  the resultant moments. 
 

This internal tilting moment MI must equilibrate the external tilting moment MKR, that corresponds to the 
system loads due to the friction reactions force at the tappet top face and the contact normal force. The spring 
restoring force of the valve acts in the center of the tilting rotation of the tappet, which is the reference to the 
moment evaluation (Figure 4). As consequence of the geometrical eccentricity between the command and the 
tappet, with the radial value of IH and the migration of the contact point IB , which moves according to the 
position of the cam, the value of normal forces is quite necessary to the tilting moment MKL calculation (Figure 
5). 
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Where: FN = normal force 
 IH = radial distance of force FN from the tappet/pivot reference center perpendicular to  IB 
 IB = distance of the force FN the A-A plane of the tappet/pivot. 
 φN     = contact angle of FN (Figure 5). 
 

The moment due to the friction contact between camshaft and follower is also necessary, where axial 
distance hB is the tilting component. 
 

BENNFat hFM ⋅⋅= µϕ )(  (19)
Where:  µE = friction coefficient. 

hB = tilting axial component or axial distance from the reference center in z up to the top surface of the 
tappet. 
  

Calculations of the tappet camshaft friction conditions (or finger follower with the pivot) give the equilibrium 
conditions. It is possible to calculate this values to obtain fixed and controlled boundary conditions, although this 
estimate does not insert in this work target. 
The vector sum of  both fractions in the geometrical space results in a mathematical expression to the extern 
tilting moment KRM . 
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As a reference value to the system evaluation, a displacement angle (γ) associated to the external tilting 

moment MKL is observed, as function of the camshaft angle of rotation and the MFat . 
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Figure 5. Scheme of the tappet. 

 
With the tilting moment equilibrium to the tappet tilting angle interactive calculations, an equilibrium of the 

tilting moment in respect of the tappet axial reference is also accomplishable. The introduction of the tappet 
driver moment is obtained through the friction in the system  camshaft/follower. This driver moment is the 
responsible for the tappet friction moment and for the determination of the normal force  FN , which can allow its 
rotation. The resultant moment is:       
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Expanding the function: 
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And isolating FN : 
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FN  is the normal force needed in the contact with the camshaft according to Figure (4). With these values, 

the friction force Fat and the tappet moment MA can be estimated: 
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NEat FF µ=  (26)
 

HatA IFTM ⋅==  (27)
 

Gscheidle (1998) verified experimentally that the values of the friction coefficient µE between the cam and 
the tappet surface vary according to the cam degree of penetration and, therefore, with its angular position, being 
more elevated when it is out of the base circle. (Mastaler,2004). 

Calculations of the tappet camshaft friction conditions (or finger follower with the pivot) give the equilibrium 
conditions. It is possible to calculate this values to obtain fixed and controlled boundary conditions, although this 
estimate does not insert in this work target. The vector sum of  both fractions in the geometrical space results in a 
mathematical expression to the extern tilting moment KRM . 
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As a reference value to the system evaluation, a displacement angle (γ) associated to the external tilting 

moment MKL is observed, as function of the camshaft angle of rotation and the MFat . 









⋅⋅

=
BNE

KL

hF
M

atag
µ

γ  (29)

 
With the tilting moment equilibrium to the tappet tilting angle interactive calculations, an equilibrium of the 

tilting moment in respect of the tappet axial reference is also accomplishable. The introduction of the tappet 
driver moment is obtained through the friction in the system  camshaft/follower. This driver moment is the 
responsible for the tappet friction moment, for the determination of the normal force  FN , which can allow its 
rotation. The resultant moment is:       
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Expanding the function: 
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And isolating FN : 
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FN  is the normal force needed in the contact with the camshaft according to Figure (4). With these values, 

the friction force Fat and the tappet moment MA can be estimated: 
NEat FF µ=  (34)

 

HatA IFTM ⋅==  (35)
 

Gscheidle (1998) verified experimentally that the values of the friction coefficient µE between the cam and 
the tappet surface vary according to the cam degree of penetration and, therefore, with its angular position, being 
more elevated when it is out of the base circle. (Mastaler,2004). 

 
6. Obtained Results 
 

Some practical dimensional parameters are used in this application for passenger cars with gasoline engine to 
evaluate some operational conditions: 

 



 

Table 1. Design Parameters 
Parameters Dimension Units 

Bearing diameter (D) 16 mm 
Eccentricity (e) 0,05 mm 
Width (L) 13 mm 
Diametral clearance (Cd) 200 µm 
φ angle 25 degrees 
α angle (depend on eccentricity) 0,95 degrees 
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Using the design parameters presented and considering the fixed rotation of 1000 rpm to every condition , the 
oil film pressure distribution was obtained (Figure 6). 

The pressure distribution of the oil film inside the bearing makes possible to find the effective forces in the 
system for the condition previously presented in Table (1) – Figure 7. 

Considering several eccentricity conditions we can evaluate the maximum forces as the figures below: 
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Figure 9. Torque x camshaft angle. 
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Figure 10. Friction force x camshaft angle. 

 
 
8. Conclusions   
   

Working with higher rotations ,the tappet achieves stability forces and lower eccentricity. To produce higher 
rotations with the contact tappet/camshaft, the design has to be calculated and tested . As it was shown the higher 



 

eccentricity results lower forces and instability. The eccentricity values among 0,01 and 0,02 mm are satisfactory 
and feasible for the manufacturing. Special contours can be investigated as reasonable solution to optimize the 
contact. To the next steps some multi-body theory analysis could be necessary to evaluate the whole system. The 
experimental tests are necessary to prove some considerations.  
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