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Abstract: 

A park lock is a mechanism used to prevent unintentional movement of 
the vehicle. A failure in the proper function of this mechanism can lead 
to the safety concerns of an automobile. The main focus of this thesis is 
to understand the reason behind the failure of the park lock mechanism 
by FEM analysis in ANSA. For this, temperature build up during the 
park lock engagement has been studied in a dynamic explicit analysis. 
The FE results are compared to results from experiments on park lock. 
The modelling has been done in ANSA, ABAQUS was used as a solver 
for simulation and the results have been studied in META. The results 
indicate that there is a rise in the temperature. This is due to the friction 
between the contact surfaces and the oscillations generated in the 
vehicle. Based on the observations, discussions and conclusions are 
formulated and the research questions are answered. 
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1 NOTATION 
 
A Area 

c Specific heat 

E Young’s modulus 

F Force 

Fe2O3 Ferric Oxide 

Fe3O4 Ferro ferric oxide 

g Acceleration due to gravity 

I Moment of inertia 

k Conductivity 

L Angular momentum vector 

mv Mass of the vehicle 

N Reference node 

nratchet Number of teeth on ratchet wheel 

r Radius 

rw Radius on wheel 

R Gear ratio 

t Time 

α Angular acceleration 

μ Coefficient of friction 

ν Poisson’s ratio 

ρ Density 

τ Torque 

ω Angular velocity 
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1.1 Indices 
 
C3D10MT 3-Dimensional 10-Nodes Modified Thermal Analysis 

Mo Molybdenum 

Nb(Cb) Niobium (formerly called as Columbium) 

Nlgeom Non-Linear Geometry Effects 

Ti Titanium  

SI International System of Units 

V Vanadium   

.inp Input data file 

.odb Output database file 
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1.2 Abbreviations 
 
CAD Computer Aided Design 

CAE Computer Aided Engineering 

DOF Degree of Freedom 

FE Finite Element 

FEA Finite Element Analysis 

FEM Finite Element Method 

FMVSS Federal Motor Vehicle Safety Standards and Regulations 

Kmph Kilo meters per hour 

PLM Park Lock Mechanism 

rpm Revolutions per Minute 

SAE Society of Automobile Engineers 
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1.3 Definitions 
 
Actuator It is a machine component that is responsible for 

moving or controlling a mechanism or system. 

Connecting rod It is a rod that is connecting two moving parts in a 
mechanism or a system. 

Drive Shaft It is a mechanical component for transmitting torque 
and rotation, usually used to connect other 
components of a drive train that cannot be connected 
directly because of distance or need to allow for 
relative movement between them. 

Engagement Speed The minimum speed required by the Pawl to safely 
engage or disengage the clogs of the ratchet.  

Fretting  Fretting can be considered as a form of wear which 
occurs when wear mechanisms act together under 
conditions of small oscillatory displacement. It can 
either cause localized wear on the surface of the 
components.[1] 

Output Shaft It is the shaft that is connected to the drive wheels 
and it turns at a speed determined by the gear you 
have selected. In the lower gears, this speed will be 
lower than the input shaft’s speed to allow the engine 
to be running at an efficient speed while the driven 
wheels are turning at a manageable speed. In top 
gear, however, the output shaft will be turning at 
close to the input shaft’s speed. 

Rollback Distance The maximum distance a vehicle can move after the 
Park Lock Mechanism (PLM) has been engaged. 
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2 INTRODUCTION 
 

In an automatic transmission car, when the engine is switched off, the 
vehicle can be kept stationary by engaging the “parking lock”. Parking 
locks prevent the unintentional movement of the vehicle [2]. This is 
achieved by the locking the transmission output shaft, which is rotationally 
fixed to the drive wheels. The presence and proper functioning of this 
mechanism is regulated by the law as a safety concern because a roll back 
of more than 150mm can lead to damage to person and/or property. This 
chapter introduces the thesis briefly, throwing light on the background, 
problem statement, aim and the scope of this thesis. 

 
2.1 Background 
 

The park lock mechanism is fitted into a car with automatic 
transmission in order for it to lock up the transmission’s output shaft (and 
wheels) from rotating. In general, the mechanism and components have to 
withstand transient loads imposed while putting the vehicle into Park 
position when it is in motion. It is designed so that the parking pawl tooth 
collides and overrides the ratchet until a safe engagement speed for the 
vehicle is reached[2]. To illustrate the mechanism the main components of 
a park lock mechanism are shown in the figure 2.1. The mechanism 
assembly consists of a Pawl, Ratchet, Connecting rod, Cone, Gear actuator, 
Actuating spring, reverse spring[3]. 
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Figure 2.1 Park lock mechanism, (1) ratchet wheel, (2) pawl, (3) shaft, (4) 

guide block, (5) cone, (6) actuator spring, (7) actuator rod, (8) fork, 
(9) return spring, (10) bracket. 

 
The whole system is designed in such a way that the pawl collides and 

falls into one of the notches on the ratchet that is attached to the 
transmission’s output shaft when the gear shift lever is put in the park 
position. This function is achieved with the help of software controls to 
avoid any malfunctioning or damage to the parts. When the pawl is in this 
position it locks the transmission’s output shaft thus prohibiting it from 
rotating, which in turn restricts the motion of the drive wheels and the 
vehicle in either direction. Moving the gear shift lever out of the Park 
position disengages the Pawl, which frees the output shaft and drive wheels 
to turn freely. 

The cad diagram depicts the mechanism and the parts involved in it. 
Figure 2.2 shows the cad diagram of the mechanism when the gear shift 
lever is in the Park ‘P’ mode, the pawl in this mode is engaged with the 
ratchet shown in Figure 2.3.   

 



16 

 
 

 

 
Figure 2.2 Position of the Pawl when the gear shift lever is not in Park 

Mode. 
                                            

The cad diagram depicts the mechanism and the parts involved in it. 
Figure 2.1 shows the cad diagram of the mechanism when the gear shift 
lever is not in the Park ‘P’ mode, the pawl in this mode is not engaged with 
the ratchet. 
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Figure 2.3 Position of the Pawl when the gear shift lever is in Park Mode. 

 
According to the Federal Motor Vehicle Safety Standards and 

Regulations (FMVSS), U.S. Department of Transportation, Standard 
number 114 states that passenger cars with a Gross Vehicle Weight Rating 
of 4,536 kg or less must be fitted with a PLM for theft protection and to 
reduce the incidence of crashes resulting from unauthorized use of a motor 
vehicle and to reduce the incidence of crashes resulting from rollaway of 
parked vehicles with automatic transmissions[4]. 

The main requirements for the design of such a locking system are: 
 Prevent rolling down gradients up to 30%. 
 Safety function: Park lock shall engage securely within a range of 

2.3 to 4.4 kmph vehicle speed. 
 Maximum rollback corresponding to 150mm vehicle movement, 

with drive shaft backlash and elasticity. 
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2.2 Problem Description  
 

When the gear shift lever of the vehicle is in the park “P” positon the 
Park Lock Mechanism (PLM) should engage immediately to prevent any 
kind of rolling of the vehicle. Locking up the parking mechanism at higher 
speeds might cause damage to the components due to high stresses, wear, 
fatigue, and failure on the park lock and on other transmission components. 
It might also affect the driver’s safety. When the driver parks the vehicle on 
a slope the PLM must prevent rollback before the maximum rollback 
distance is reached to stop the vehicle. Therefore, it is required by the PLM 
to function accurately. Failure in the proper functioning of PLM can lead to 
various safety concerns of the vehicle. 

To verify the endurance and strength of the PLM, tests are performed in a 
complete, fully loaded vehicle according to certain prescribed test codes. 
The results have showed that there is a tooth jump in the mechanism, i.e., 
when the PLM is engaged, the pawl does not engage with the immediate 
clog of the ratchet, instead the pawl jumps over and engages with the 
successive clog, thereby increasing the roll back distance. Earlier studies 
and experimentation have suggested that the failure in the functioning of 
the PLM is due to a rise in the temperature at the point of contacts of Pawl- 
Ratchet and Pawl-Cone. The aim of this thesis is to investigate if the failure 
in PLM is due to the temperature build-up and how it is affecting the 
mechanism and components. 
 
2.3 Aim and Objectives 
 

The work aims at performing thermal analysis of the park lock 
mechanism, study/understand the temperature build-up between the contact 
of the pawl-ratchet and pawl-cone. It also aims to identify if the failure of 
the system or the tooth jump is a result of the temperature change. This aim 
can be achieved by building a Finite Element (FE) model of the park lock 
and carrying out simulations of this model. The results from this simulation 
will be checked on how they match with the reality through investigation of 
the real park lock and previous usage experiences of the park lock. Next, 
with the help of the knowledge from the literature survey, we try to approve 
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or disapprove the initial hypothesis and answer the remaining research 
questions. Based on this, a decision will be made on how the design can be 
made more robust. Virtual modelling and simulations gives improved 
fundamental understanding of the problem. A chart showing this process of 
coordinated approach is shown in figure 2.4 [5]. 

 

 
Figure 2.4 Coordinated Approach.  

 
The main objectives/tasks required to reach the aim are as follows: 

 Literature study of the thermal analysis of park lock mechanism, FEM 
analysis. 

 Discussions and brain storming sessions with the personnel at the 
company about previous experiences and new ideas on simulation of 
the model. 

 Modelling and simulation using FEA software and simultaneous 
experimental investigation to compare and understand the results. 

 Using the knowledge from the literature and simulations to answer the 
research questions. 

 
2.4   Research Questions 
 
 Is there a temperature build up in the areas of contact of pawl-ratchet 

and pawl-cone?  
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 How is the friction affected by temperature?  

 How is the contact affected by lubrication?  

 How can the design be improved to be more robust? 
 
2.5 Disposition 
 

The thesis report starts with a brief introduction of the Park Lock 
Mechanism, problem description, aim and objectives, research questions, 
literature review and studied system in chapter 1 to 4. An overview of the 
method followed for carrying out the thesis is presented in chapter 5. 
Chapter 6 to 8 presents the FEA, Experimental testing and Validation of the 
results. Finally, chapter 9 presents the discussion & conclusion drawn from 
the work. It also presents a possible future work in this area. 
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3.  LITERATURE REVIEW     
 
3.1  Analysis on the Park Lock Mechanism 
 

 Jeku Jeyakumaran and Nong Zhang [2] discuss about the simulation 
model capable of analysing the impact and abrading characteristics of the 
park lock mechanism used in automatic transmission. They developed 
several linear and non-linear mathematical models to reproduce the 
dynamic characteristics observed during the vehicle tests. The simulation 
results had provided insights to various design parameters relevant to 
durability, noise and vibration characteristics of the park lock mechanism. 
The engagement speeds and the dynamic characteristics which were 
predicted by the simulation model have correlated well with those obtained 
from the vehicle ratchet tests. A typical vehicle with standard parking 
mechanism components reaches an engagement speed of 45 rpm (Output 
shaft speed). When the simulation is performed for a new vehicle with the 
standard parking mechanism components, the vehicle reaches an 
engagement speed of 75 rpm in 2.4 seconds. This engagement speed is high 
comparatively and is likely to damage the parking mechanism. They have 
altered the design parameters of the components until a safe engagement 
speed of about 36 rpm is reached in about 11 seconds. Therefore, in 
particular, the design parameters corresponding to the parking pawl, 
parking gear tooth profiles, cam plate geometry and the number of teeth in 
the parking gear annulus decide the engagement speed and are modified to 
achieve the desired engagement speed for respective vehicle. 

Yun huang [6]  had done park lock dynamic analysis using VALDYN, 
he discussed about some of the complex requirements for the mechanism to 
work like ‘engagement speed’, ‘rollback distance’, ‘maximum hill grade’ 
etc. The analysis approach with typical parameters to model the system and 
the possible outputs have been discussed in detail along with the dynamic 
analysis results. The typical parameters required to model the system are 
specified, such as, vehicle mass and weight transfer, final drive ratio, pawl 
and park gear geometry, actuation and engagement component geometry 
and park lock components and driveline inertias and stiffness. 



22 

 
 

3.2  Fretting in Non-Lubricated Systems 
 

S.R. Pearson, P.H. Shipway and J.O. Abere [7] investigated the effect 
of temperature (between 24°C and 450°C) on the wear rate and the friction 
coefficient of a high strength alloy steel in gross sliding fretting in air. 
There was significant loss of material from the contact during fretting at 
room temperature, the overall loss of material from the contact had become 
negative even with a modest increase in temperature to 85°C. The negative 
wear was maintained at the temperatures greater than 85°C, with the 
coefficient of friction dropping monotonically with increasing temperature 
up to 450 °C. It was observed that the changes in wear rate and coefficient 
of friction were due to the formation of a protective debris bed (Glaze 
layer) from the sintered oxide particles. The reduction in friction coefficient 
was found to be commensurate with the progressive formation of ‘glaze 
layer’. So, it can be said that moderate increase in temperature during 
fretting, effects the coefficient of friction. 

R. Rybiak, S. Fouvry and B. Bonnet [8] tested Jethete M152 steel 
against A-286 steel under low pressure gross slip fretting conditions 
through a wide range of constant and variable temperatures from 23°C to 
400°C.Wear and friction quantifications were carried out using dissipated 
energy approach. Tribological discontinuities were observed around 220°C 
when the tests are performed under constant temperature conditions. At 
lower temperatures, severe adhesive wear dominates whereas at higher 
temperatures a third body abrasive process, involving the formation of a 
compliment glaze layer structure. Various structural analysis like Raman 
spectroscopy, confirmed that the glaze layer structure is activated through 
tribo-sintering process of oxidized wear particles. The mating surfaces have 
considerable wear damages at both low temperature and high temperature 
fretting and a threshold temperature T=220°C has been identified above 
which a lubricating glaze layer is activated. 

Mitjan Kalin [9] discussed about the tribo-chemical reactions which 
occur in dynamic and complex contact situations where the mechanical and 
thermal effects act simultaneously. Results show that very high 
temperatures occur at the asperity spot-to-spot contacts and that it could be 
these high temperatures that are mainly responsible for the tribo-chemical 
reactions and various phase transformations, even under very low-speed 
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conditions. The possibilities for determining the contact temperature and 
obtaining the reliable evidence are rather limited and their accuracy is 
suspect. Mitjan also discussed various possibilities for determining the 
contact temperatures and pointed out the difficulties and uncertainties 
related to these techniques, particularly when it comes to defining the 
temperature at the asperity contacts. Therefore, it can be said that the 
temperatures at asperity spot-to-spot contacts are an order of magnitude 
higher than the temperature of the apparent contact area. 

 
3.3 Fretting in Lubricated Systems 
 

M.Shima and H.Suetake [10] have discussed about the oil lubricated 
fretting contact, the viscosity of the lubricating oil and its boundary layer 
performance influence the fretting behaviour, in addition to the normal 
fretting parameters, such as stroke and contact force. This paper examines 
the effect of lubricating regime, oil viscosity and stroke on the behaviour of 
a curved specimen against flat specimen arrangement. There is reasonable 
degree of correlation between the behaviour of the coefficient of friction 
and the amount of wear. The influence of oil properties (viscosity) on the 
behaviour of fretting has been interpreted in this particular study. 

Z.R Zhou and Q.Y Liu [11] investigated the fretting behaviour of 
several metallic materials under grease lubrication. The fretting wear tests 
under grease lubrication were carried out on an aluminium alloy, 52100 
steels and low-alloy steel. The sphere-flat contact configuration was used 
and the influence of the displacement amplitude and normal load were 
investigated. Comparison between dry and lubricated contact of the test 
specimens were carried out and the results demonstrated that grease 
lubrication strongly affects fretting behaviour. The base oil that separated 
from the grease during friction results in accelerated contact wear, as the 
residual oil penetrates into the cracks and accelerate the particle 
detachment.  

Z.R Zhou and Q.Y Liu [12] also investigated the effect of displacement 
amplitude in oil-lubricated fretting, covering a large range of amplitude 
from 2 to 400 μm. The investigation was done on two types of oil and 
contact pair on fretting behaviour. As a result, a significant reduction in the 
coefficient of friction occurred above critical displacement amplitude. The 
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examinations reveal that, at early stages fretting behaviour depended upon 
oil boundary lubrication, and later closely associated with degree of oxygen 
access and oil penetration into the interface of the surfaces. Also, compared 
to dry conditions, a considerable difference in fretting regime behaviour 
and contact wear were observed, that is, fretting behaviour depended 
strongly on oxygen access and oil penetration into the interface. 
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4. STUDIED SYSTEM 
 

The function of the PLM is to restrict the rotatory motion of the output 
drive shaft and thereby restricting the movement of the vehicle when it is 
parked. During this operation, the Ratchet is mounted on the output shaft 
and the Pawl, connecting rod, Cone, Gear actuator, Actuating spring, 
reverse spring is connected to the casing of the gearbox. The ratchet is 
mounted on the output shaft in such a way that when the pawl is engaged 
with the ratchet, the rotatory motion of the ratchet is restricted and therefore 
the output shaft is kept stationary. The studied PLM is used in the gearbox 
(See Figure 4.1). 
 

 
Figure 4.1 Studied CAD model 
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5.  METHOD OVERVIEW 
 

The method followed in the current study is represented with the help of 
a flow chart in Figure 5.1. 

The method tree starts with virtual prototyping. The advantage with 
using theoretical modelling and simulations to predict, describe and assess 
park lock characteristics is that, more design ideas and configurations can 
be investigated in less time. Also, a better fundamental understanding of the 
influence of various design parameters can be gained [5][13]. Since this 
thesis involves very large geometrical model, computational efficiency is of 
utmost importance. Thus, both time and other resources can be saved. 

To be able to trust theoretical models and simulation procedures, 
experimental investigations are necessary [5][13]. The experimental 
investigation of the studied park lock mechanism are conducted at the 
testing centre of the automobile company. Considering all these factors, this 
particular method is followed as it is appropriate and reliable. The aim of 
this method is to intelligently coordinate theoretical modelling, simulation, 
experimental investigation and answering the research questions [5][13] . 

By following this method for the present work, the knowledge obtained 
can be re-used in future development projects, which would promote the 
overall efficiency of the product development at the automobile company. 
Usage of any other alternative method that doesn’t involve a coordinated 
approach might result in loss of time and the full potential of chosen 
solution may not be utilised. 
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Figure  5.1. Method overview. 
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6. FINITE ELEMENT ANALYSIS 
 

The CAD model of the park lock system has already been created and 
provided by the automobile company. As the geometry of the model is very 
complex, only the parts which involve in close interaction are considered, 
the model is simplified by removing various components like gear actuator, 
output shaft etc. Which are not required for FEA. The model is exported to 
ANSA pre-processor to proceed with FEA. 

Implicit analysis and Explicit analysis intend to provide with two 
complementary analysis methods. With implicit analysis, unknown values 
(at current time) are obtained from the current information. In implicit 
analysis iteration and convergence checking are required, out-of-balance 
force is used to check the equilibrium, that is the equation must be solved 
over and over again which is very time consuming. But once the 
convergence is achieved, the time increment can be large. With explicit 
analysis, unknown values are obtained from information already known. In 
explicit analysis, no iteration and convergence checking is required. In 
explicit analysis, nodal accelerations are calculated directly over iterative 
method. But the time increment has to be small enough in order to lie on 
the curve, which makes the analysis time consuming process [14]. 

The time step in the explicit analysis must be less than the time it takes 
for a sound wave to travel across the element (Courant time). 

Explicit analysis has been performed as temperature displacement 
outputs are required in the dynamic analysis, whereas implicit analysis 
provides the capability to analyse temperature displacement in quasi-static 
state. 

 
6.1  Model Description 
 

The exported CAD model is part of a park lock mechanism in a gear 
box. Only the main parts are included, which are the Rod, Cone, Hinge, and 
actuator spring, Block, Pawl and Ratchet. The model also includes solids, 
constraints, connectors and spring elements as well as contact definitions, 
loads and boundary conditions. The Figure 6.1 shows the representation of 
the FE-model in ANSA. 
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Figure 6.1 Studied CAD model. 

 
To bring the simulation model closer to reality, initially the park lock 

mechanism is in disengaged position. During the simulation process the 
pawl is engaged to the ratchet and thereby recreating the park lock 
mechanism. 

Since temperature outputs are required, a dynamic temperature-
displacement, explicit analysis is performed. The option, NLGEOM=YES 
is selected and most of the other parameters are set to default. The total 
time step is selected moderately so that the entire model can converge. 

 
6.2  Meshing of the Model 
              

The meshing of the model is done carefully depending on the 
complexity of the design. In the whole analysis, certain areas in the model 
are deemed to be more important compared to the remaining areas as the 
study is focused around these areas. Hence, by studying the mechanism of 
the park lock, areas included in contact pairs and sharp corners are 
identified as critical areas. 
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Figure 6.2 Block. 

 

 
Figure 6.3 Cone. 
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Figure 6.4 Area on the pawl that is contact with the cone. 

 

 
Figure 6.5 Area on the pawl that is contact with the ratchet. 
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Figure 6.6 Area on the ratchet that is in contact with the Pawl. 

                                      
The main idea is to have a fine mesh at the critical areas and 

comparatively coarse mesh at the remaining areas of the model. Even 
though the fine mesh results in increasing the computational time of 
meshing and solving the model, the increased accuracy at the fine mesh 
parts helps in deriving more reliable results. A second order tetrahedral 
mesh is used to mesh the whole model with element type C3D10MT. The 
dynamic temperature-displacement, explicit analysis requires the above 
type of elements to give the required outputs.  

 
6.3   Material Data 
 

The park lock system is made up of high strength steel. High strength 
steel is a type of alloy steel which provides greater resistance to corrosion 
than carbon steel and better mechanical properties. High strength steels are 
produced with or without addition of small amount of micro alloying 
elements, high strength low alloy steels are produced using micro alloying 
elements like Nb, Ti, Mo, V etc. With low-carbon and low-alloy content, 
these grades generally offer good formability at strength levels. High 
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strength steels are made to meet specific mechanical properties rather to 
specific chemical composition. The Society of Automobile Engineers 
(SAE) maintains standards for high strength low alloy steel grades as they 
are often used in automobile applications. 

The properties are as follows. 

Density = 7850 kg/m3 

Young’s Modulus = 210 GPa 

Poisson’s ratio = 0.3 

Specific heat = 460 J/ (Kg-K) 

Conductivity (k) = 41 W/ (m-K) 
  

Table 6.1 Thermal Expansion of the material. 

Temperature (°C) Expansion (m) 

20 1.E-5 

100 1.11E-5 

200 1.21E-5 

300 1.29E-5 

400 1.35E-5 

500 1.41E-5 

  
The material properties are used to create the material in ANSA. The 

created material is assigned to the imported model as the whole model is 
made of same material. As ANSA uses user-defined units, in the current 
model SI convention of units are used.   

 
 



34 

 
 

 

 
Figure 6.7 Material input data. 

 

 
Figure 6.8 Material input data. 

 
6.4 Problem Setup 
 
6.4.1 Function 
                        

In the model, the function of the park lock system is divided to four 
sequences specified as STEP.  
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Figure 6.9 List of function. 

                                               
STEP 1 is used to set the contact definitions, no loads and 

displacements are applied. In STEP 1 the analysis type is set to DYNAMIC 
EXPLICIT, NLGEOM=YES with all the other parameters as default. The 
step time is given as 0.001 seconds. The step time depends on the 
application, generally it depends on the user’s discretion unless a standard 
step time is defined for the case scenario. In the present step application, no 
movement of parts is defined, so basically it is a static step. Since, ANSA 
does not have the required output option, the output statement in the input 
file is changed from DYNAMIC, EXPLICIT to DYNAMIC 
TEMPERATURE-DISPLACEMENT, EXPLICIT. 

STEP 2 is used to define the displacement of the rod with the cone, 
which in turn engages the pawl into the ratchet. Initially the analysis type is 
set to DYNAMIC EXPLICIT, NLGEOM=YES with all the other 
parameters as default. The step time is given as 0.03 seconds. The step time 
depends on the application, generally it depends on the user’s discretion 
unless a standard step time is defined for the case scenario. In the present 
step application, a standard step time has been already defined with 0.03 
seconds.  Similar to STEP 1, the output statement in the input file is 
changed from DYNAMIC, EXPLICIT to DYNAMIC TEMPERATURE-
DISPLACEMENT, EXPLICIT. 

STEP 3 is used to apply peak torque on the ratchet when the pawl is in 
engaged position. The pawl restricts the ratchet from rotating. Initially the 
analysis type is set to DYNAMIC EXPLICIT, NLGEOM=YES with all the 
other parameters as default. The step time is given as 0.03 seconds. The 
step time depends on the application, generally it depends on the user’s 
discretion unless a standard step time is defined for the case scenario. In the 
present step application, a standard step time has been already defined with 
0.03 seconds. Similar to STEP 1 and STEP 2, the output statement in the 
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input file is changed from DYNAMIC, EXPLICIT to DYNAMIC 
TEMPERATURE-DISPLACEMENT, EXPLICIT. 

STEP 4 is used to apply the stabilized torque on the ratchet when the 
pawl is in engaged position, where the pawl restricts the ratchet from 
rotating. Similar to the earlier steps, initially the analysis type is set to 
DYNAMIC EXPLICIT, NLGEOM=YES with all the other parameters as 
default. The step time is given as 0.02 seconds. The step time depends on 
the application, generally it depends on the user’s discretion unless a 
standard step time is defined for the case scenario. In the present step 
application, a standard step time has been already defined with 0.02 
seconds. Similar to STEP1, STEP2 and STEP3, the output statement in the 
input file is changed from DYNAMIC, EXPLICIT to DYNAMIC 
TEMPERATURE-DISPLACEMENT, EXPLICIT. 
 
6.4.2 Couplings 
 

A distributing coupling constraint is used to model the rotational centre 
of the pawl with reference node (82353) at the centre of the rotation. In 
order to connect the actuator spring between the rod and the cone, a 
distributing coupling constraint is used at the cone with reference node 
(82355) and a kinematic coupling constraint is used at the rod with 
reference node (6505). The actuator spring is connected at the reference 
node of each coupling. In order to connect the connecting beam between 
the hinge and the rod, a kinematic coupling constraint is used at the rod 
with reference node (6488). The connecting rod is connected at the 
reference node (6488) and the actuating node (82360) of the hinge. 
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Figure 6.10 Coupling joints. 

 
6.4.3 Rigid body 

 
 Rigid body type is used for both the ratchet and the block with 

reference nodes (82352 and 82358), where the reference node 82352 acts as 
the rotational centre for the ratchet, and the reference node 82358 of the 
block is positioned at the centre of the cylindrical part and is constrained in 
all the possible directions. 

 
6.4.4 Joints 

 
The revolute joint of the pawl is modelled with the coupling and that of 

ratchet is modelled with rigid body as described above. Boundary 
displacement definitions are applied at the centre reference nodes (82353 
and 82352 respectively) constrained in all the directions except in the 
rotational DOF4. This particular modelling approached is used here since 
the axis of rotation of both the pawl and the ratchet coincides with 
rotational Y-direction of the global Cartesian coordinate system. 

The revolute joint of the rod is 5.26 degrees off from the closest 
direction of the global Cartesian coordinate system (Z-direction). 
Therefore, another modelling technique is used, a connector section, 
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HINGE including a local coordinate system, COORD, orientation R is 
used. The connector, BEAM described above is used between the hinge and 
the kinematic coupling with reference node (6488). The hinge is specified 
between the reference nodes (82360 and 82361) positioned at the rod 
revolute joint.  
 

 
Figure 6.11 Hinge. 

 
6.4.5 Displacements 

 
In STEP2, the rod with the cone as well as the actuator spring 

connected between them movies with boundary, DISPLACEMENT 
definition in DOF1 applied to the hinge reference node (82361) and 
constrained in all other directions. This modelling is appropriate as the axis 
of displacement coincides with X-axis of the global Cartesian coordinate 
system. The displacement of the connecting rod with the cone is 9 mm, this 
corresponds to the nominal stroke required to engage the PLM. In the 
upcoming steps, STEP3 and STEP4 the rod is kept in its extreme position 
with same approach. 
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6.4.6 Rotations 
 

In STEP2, the pawl rotates in the rotational X-direction due to the 
movement of the connecting rod with the cone. The pawl rotates and 
engages between the gear cogs of the ratchet. In STEP3 the ratchet wheel 
will rotate in the rotational X-direction due to the torque load applied on the 
reference node (82352), this rotation is restricted as the pawl is in engaged 
position since STEP2.  

 
6.4.7 Loads 
           

In STEP2 to STEP4, a torque load is applied on the pawl reference 
node (82353) to represent the torque applied by the pawl torsion spring. A 
CLOAD torque definition of value 0.318Nm is used for STEP2 and a value 
of 0.335Nm is used in STEP3 and STEP4, since the spring is in engage 
position in STEP3 and STEP4. 

In STEP2 to STEP4, a gravitational load is applied in component of –Z 
(0.9578) and –Y (0.2871) direction on the pawl and cone using a DLOAD-
GRAV definition. 

In STEP3 and STEP4, a torque load on the gear wheel with reference 
node (82352) is applied using the CLOAD torque definition. The torque 
load value used in STEP3 is 1455Nm. The torque load value used in STEP4 
is 698Nm. The torque value is calculated from the information provided by 
the automobile company. The torque at the wheels during the engagement 
of the park lock is 5000Nm which is geared down to 1455Nm. The torque 
of 5000Nm at the wheels is stabilized to 2400Nm which is geared down 
similarly to 698Nm. 

 
6.4.8 Contacts 
              

The contact areas in the model, between Pawl-Ratchet wheel, 
connecting rod-Cone, Cone-Block and Cone-Pawl all use the same contact 
definitions, CONTACT PAIR, SURFACE TO SURFACE, EXTENSION 
ZONE=0.1, SMOOTH=0.2, TYPE=CONTACT INCLUSIONS. Further, 
SURFACE INTERACTION and FRICTION with default settings and 
coefficient of friction μ=0.15 are used. 
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Figure 6.12 Friction input. 

                                                  
6.4.9 Springs 
                    

The pawl torsion spring is modelled with the help of CLOAD torque 
definition as described above. 

The actuator spring connected between the connecting rod and the cone 
with reference nodes (6505 and 82355), is modelled according to the 
specifications received from the automobile company. The non-linearity of 
the actuator spring is described in the force-displacement table, Table-6.2. 
At its initial mounting condition, which is at 0mm displacement, the 
actuator spring has a pretension force of 34.19N. When it is at engaged 
position, which is at 9mm compression, the actuator spring exhibits a force 
of 44.38N. However, at 10.6mm displacement the spring bottoms out, at 
this point it acts as a ‘stiff rod’.  
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Figure 6.13 Actuating Spring. 

                                                     
Table 6.2 Actuating spring input values. 

Force (N) Displacement (mm) 

34.19 0 

44.38 9 

46.16 10.59 

1000 10.6 
 

The rod with the actuator spring and the cone not only moves linearly 
but also rotates, so a local coordinate system, COORD, ORIENTATION 
NODES DYN is used to describe the axial direction of the actuator spring 
element. The spring properties RTOL=0.03, TYPE AXIAL and 
BEHAVIOR, NONLINEAR are used. 

 
6.4.10 Mass Elements 

 
Mass elements are used at the nodes of connector elements, which are, 

actuator spring, connecting rod and the hinge with very low magnitude of 
0.001Kg. The connector elements which are created apart from the 
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imported CAD model do not carry any properties. These mass elements are 
required as explicit analysis has been performed.  

 
6.4.11 Moment of Inertia 
 

The simulation model resembles the park lock used in a vehicle with 
gross weight of 2450Kg, so a mass element is used at the reference node 
(82352) of the ratchet with a magnitude of 0.001Kg and moment of inertia 
of 26.224Kgm2. The value is calculated from the information provided by 
the automobile company. 
 

 
Figure 6.14 Inertia input. 

 
6.4.12 Initial condition 

 
The definition INITIAL CONDITION, TYPE=TEMPERATURE is 

used to define an initial temperature of 80 degree Celsius to the model 
while setting all the other properties to default. This is corresponding to the 
transmission oil temperature inside the working gearbox.  
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Figure 6.15 Initial conditions. 

 
6.5  Results of the Finite Element Analysis 
 

In section 6.1-4, the whole analysis set-up has been discussed in detail 
from model description, meshing, material input to boundary conditions. 
After the Finite element model has been totally set-up in ANSA with the 
required outputs, the input file (.inp) is exported. The input file is used in 
the Abaqus solver to run the analysis. Since the model is huge with multi 
body dynamics and contacts, the analysis is performed on High 
performance computing cloud service via remote servers. The result is 
obtained in an output database file (.odb) which is loaded to μETA for post-
processing. 

 
6.5.1 Temperature at the contact surface of pawl and ratchet. 
 

First, the temperature at the contact surface of pawl tooth and ratchet is 
observed during the whole function of the simulation model. The maximum 
temperature value obtained during the function is visualized. 

Figure 6.17 shows the maximum temperature increase observed during 
the function of the simulation on the pawl tooth surface, figure 6.18 shows 
the maximum temperature increase observed during the function of the 
simulation on the ratchet surface. 
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Figure 6.16 Temperature of the Pawl. 

 

 
Figure 6.17 Temperature of the Ratchet. 

                                                 
The maximum temperature of the pawl tooth is 96°C and the 

maximum temperature of the ratchet is 96.6°C. Since the contact between 
pawl tooth and ratchet is line contact, the temperature increase can be 
observed along a straight line. The maximum temperature in both the pawl 
tooth and the ratchet is observed during the STEP3 of the function, which is 



45 

 
 

when the park lock is engaged and a torque of 1455Nm is applied on the 
ratchet. The temperature increase at the contact is due to the friction 
between the surfaces and the normal forces acting at the contact generated 
due to the torque applied. 

 
6.5.2 Temperature at the contact surface of cone and pawl. 
 

The temperature at the contact surface of cone and pawl is observed 
during the whole function of the simulation model. The maximum 
temperature value obtained during the function is visualized. 

Figure 6.19 shows the maximum temperature increase observed during 
the function of the simulation on the cone surface, Figure 6.20 shows the 
maximum temperature increase observed during the function of the 
simulation on the pawl surface at the contact point of cone and pawl. 
 

 
Figure 6.18 Temperature on the cone. 
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Figure 6.19 Temperature of the Pawl. 

                                     
The maximum temperature of the cone is 93.8°C and the maximum 

temperature of the pawl is 81.3°C. Since most of the contact between the 
cone and block is point contact, the temperature increase can be observed at 
a point. The maximum temperature in both the cone and the pawl is 
observed during the STEP2 of the function, which is when the actuating rod 
with the cone displaces 9mm engaging the pawl tooth in between the clogs 
of the ratchet. The temperature increase at the contact is due to the friction 
between the surfaces and the normal forces acting at the contact generated 
due to the weight of the pawl and the cone. 

 
6.5.3 Temperature at the contact surface of cone and block.  
 

The temperature at the contact surface of cone and block is observed 
during the whole function of the simulation model. The maximum 
temperature value obtained during the function is visualized. 

Figure 6.21 shows the maximum temperature increase observed during 
the function of the simulation on the cone surface, Figure 6.22 shows the 
maximum temperature increase observed during the function of the 
simulation on the block surface. 
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Figure 6.20 Temperature of the Cone. 

                                  

 
Figure 6.21 Temperature of the Block. 

                
The maximum temperature of the cone is 85°C and the maximum 

temperature of the block is 105°C. Since most of the contact between the 
cone and block is point contact, the temperature increase can be observed at 
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a point. The maximum temperature in both the cone and the block is 
observed during the STEP2 of the function, which is when the actuating rod 
with the cone displaces 9mm engaging the pawl tooth in between the clogs 
of the ratchet. The temperature increase at the contact is due to the friction 
between the surfaces and the normal forces acting at the contact generated 
due to the weight of the pawl and the cone. 

 
6.5.4 Temperature at the contact surface of cone and actuating rod. 

 
The temperature at the contact surface of cone and actuating rod is 

observed during the whole function of the simulation model. The maximum 
temperature value obtained during the function is visualized. 

Figure 6.23 shows the maximum temperature increase observed during 
the function of the simulation on the cone surface, Figure 6.24 shows the 
maximum temperature increase observed during the function of the 
simulation on the actuating rod surface. 
 

 
Figure 6.22 Temperature of the Cone. 
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Figure 6.23 Temperature of the Actuating rod. 

                               
The maximum temperature of the cone is 102.8°C and the maximum 

temperature of the actuating rod is 84°C. The maximum temperature in 
both the cone and the block is observed during the STEP2 of the function, 
which is when the actuating rod with the cone displaces 9mm. The contact 
surface between the actuating rod and the cone is cylindrical, but the 
temperature increase can be observed at a point. This happens as the cone 
mounting misaligns with the actuating rod during the engagement making 
the contact intense at a particular point. The misalignment occurs as the 
actuating rod rotates 5.26° while displacing 9mm engaging the cone in-
between the block and the pawl. The temperature increase at the contact is 
due to the friction between the surfaces, misalignment of the cone and the 
normal forces acting at the contact generated due to the weight of the pawl 
and the cone. 
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Figure 6.24 Misalignment of the Cone. 

 

 
Figure 6.25 Misalignment of the Cone. 
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7. EXPERIMENTAL TESTING 
 
7.1 Experimental setup 
 

The experimental setup includes car with an automatic transmission. 
The vehicle has been equipped with an experimental gearbox and is fully 
loaded to 2450 kg. 

The experimental gearbox is equipped with pawl and cone carrying 
temperature sensors at location close to the contact surfaces. In total seven 
sensors are placed, three at contact surfaces of the pawl tooth, one at the 
cone contact surface and three sensors at various other places inside the 
gear box to measure temperature increase of the transmission oil. The 
sensors are placed close inside the surface of the pawl and cone where the 
temperature is to be measured. Due to the confined space in the 
transmission the only possible sensors available are the thermos-couple 
sensors with wire type K, where the ends are welded together and fixed in 
place inside drilled holes in the components as shown in the figures below. 

   

  
Figure 7.1 Holes drilled in the pawl and cone to insert the thermocouples 
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Figure 7.2 Cone with an actuating rod fixed with a M2 screw. 

 

 
Figure 7.3 Position of pawl in the gearbox. 

 



53 

 
 

 
Figure 7.4 Position of Pawl in the gearbox when it is engaged. 

                           
It is essential to route the wires away from the pawl without affecting 

the function of the pawl lock. To have a minimal effect on this, the idea was 
to guide the very stiff wires in a smooth arc away from the pawl. This 
required a hole to be made in a rib of the casing. 

 
7.2 Test procedure 
 

The test involves warming up the engine and the transmission by 
performing cooling laps depending on the temperature of the transmission.  

A test procedure consisting series of actions which are used to test the 
functionality of the park lock mechanism.  

1. The car is stopped on the slope, facing downwards, with the 
footbrake applied and the gear selector in N. 

2. Select P with service brake applied.  

3. Release the foot brake quickly. 

4. The parking mechanism must stop the car. 
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5. Apply the foot brake. 

6. Move the selector to N. 

7. Release the brake force partly to allow the car to roll. 

8. Apply the foot brake. 

9. Continue the cycle. 

This procedure is performed facing downwards, then the direction is 
changed and the same procedure is repeated facing upwards. This forms 
one complete cycle which is then repeated several times. 

 
7.3  Test Results 
                

The temperature outputs recorded during the experiment while the car 
is tested facing upwards are considered, as the simulation model is built to 
resemble the function while the car is facing upwards. 

The results are extracted and are tabulated in the table 7.1. 
                                                 

Table 7.1 Test results. 

Time Test-1 Nth Test 

(Temperature of the 
fluid) 

Nth Test 

(Temperature of the 
pawl) 

1,133 

11,133 

21,133 

31,133 

41,133 

51,133 

61,133 

71,133 

81,134 

91,134 

74,608 

74,652 

74,745 

74,82 

74,781 

74,769 

74,8 

74,748 

74,675 

74,653 

79,834 

79,833 

79,846 

79,843 

79,792 

79,77 

79,706 

79,65 

79,589 

79,529 

87,973 

88,453 

88,732 

88,874 

88,809 

88,894 

88,831 

88,799 

88,675 

88,608 
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101,13 
 

74,6 

 
 

79,51 
 

 88,585 

 
The average temperature observed at the sensor inside the pawl from 

the test cycle-1 is 74.8°C, the average temperature observed at the sensor 
inside the pawl after several test cycles is 88.8°C and the average observed 
at the sensor placed in the transmission fluid is 79.77°C. 

After performing step-3 from the test procedure, which is to release the 
foot break quickly, oscillation of the whole car is observed in the case of 
perfect engagement of the pawl tooth into the clogs of the ratchet wheel. 

During the test, few tooth jumps of the pawl from the ratchet wheel are 
observed. After few cycles of the test procedure, ratcheting behaviour is 
also observed. This resulted in extra roll back of the car in tooth jump case 
and total roll back down the hill in ratcheting case. 

 
7.4 Test results discussion 
                    

A considerable rise in temperature can be observed from the test 
results. As the thermos-couple sensors are placed close inside the surface, 
the exact surface temperature cannot be measured. The heat generated takes 
time to reach the thermos-couples, which is the sum of the heat from the 
transmission oil and the heat generated due to the friction between the 
contact surfaces. The temperature measured at the sensor placed in the pawl 
is higher than the temperature measured at the sensor placed in the 
transmission fluid, therefore, considerable amount of heat has been 
generated at the contact surfaces of pawl tooth and ratchet. 

The oscillations observed in the whole car in the case of perfect 
engagement of the pawl tooth into the clogs of the ratchet wheel is due to 
the inertia and the bending of the drivetrain components. The gross vehicle 
weight of the car is 2450Kg, considerable amount of velocity is gained by 
the time the pawl is engaged after releasing the foot break, these results in 
producing huge torque leading to oscillatory motion of the car. The 
oscillations result in small displacement oscillations at the contact of pawl 
tooth and ratchet leading to fretting, hence generating heat at the contact 
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point (3145). Temperature rise has been observed at the contact point of 
pawl and ratchet from the test results. 

The observed frequency of tooth jumps of the pawl from the ratchet 
wheel is higher compared to the previous tests performed with the same 
model car. The thermocouple sensors with wire type-K inserted into the 
experimental gearbox disturbed the functionality of the park lock. The 
wires attached to the four sensors, three into the pawl and one into the cone 
act as springs. These wires do not allow the actual movement of the park 
lock leading to the failure of the total engagement of pawl into the ratchet. 
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8. VALIDATION 
 
Table 8.1 Comparison between simulation and experimental results. 

 
Temperature rise has been observed in both the simulation model and 

during the experimental testing. Temperature rise at the contact point of 
pawl and ratchet is focussed in both the cases.  

The temperature rise observed at the contact point of pawl and ratchet 
in the simulation model is 16°C, however, the accuracy of the result differs 
from that of the actual temperature rise in the gear box. This is due to the 
material texture in the original model, the microscopic examination of the 
surfaces reveals complicated landscapes, jagged mountains on a larger 
scale. When these surfaces mate with each other, the static contacts change 
in time due to tangential load effects, expansion, wear, material oxidation. 
The function of the simulation model containing four steps do not replicate 
the actual function or behaviour of the park lock in the actual gearbox, in 
the simulation model the torque kicks in during the third step after the pawl 
is engaged but in the original, model the torque is generated as soon as the 
pawl get in contact with the ratchet wheel. The engagement of the pawl 
tooth is always in-between the clogs of the ratchet wheel in the simulation 

 Simulation model Experimental 
Testing 

Temperature Rise Observed Observed 

Rise in 
temperature. 

16°C 14°C 

Accuracy of results  Might differ from 
temperature rise in an 
actual gear box. 
1. Material 

irregularities. 
2. Function of the 

simulation model. 

Might differ from the 
temperature rise in an 
actual gear box. 
1. Position of the 

sensors. 
2. Experimental 

environment. 
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model, whereas in the original gear box the pawl tooth may hit the clog first 
and then engage in-between the clogs as the car rolls down. 

The temperature rise observed at the contact point of pawl and ratchet 
is 14°C, however, the accuracy of the result differs from that of the actual 
temperature rise in the gear box. The thermocouple sensors of wire type-K 
which are mounted in the pawl are placed close inside the surface of the 
contact point. The temperature increase is noted after several test cycles as 
it takes time for the heat energy to travel through the pawl material to the 
sensor. The temperature rise is due to both the reasons, heat generated by 
friction at the contact and the temperature increase of the transmission 
fluid. Also, the sensors mounted into the pawl disturbed the functionality of 
the park lock, abnormal behaviour like increase in the tooth jumps and 
ratcheting of the pawl tooth have been observed during the experimental 
testing. 
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9. DISCUSSION 
 

This study shows the temperature rise at the contact areas of the park 
lock mechanism. Oscillations of the contact parts has also been observed 
during the study. These oscillations lead to temperature rise and this 
behaviour at elevated temperatures lead to various changes, especially to 
the nature of the contact. 

Fretting action plays a major role in building up the temperature in the 
contact area between the pawl and the ratchet. Fretting is the oscillatory 
motion of two bodies in contact at small displacement amplitudes [7], the 
microscopic examination of the surfaces reveals complicated landscapes, 
jagged mountains on a larger scale. When these surfaces mate with each 
other, the static contacts change in time due to tangential load effects, 
expansion, wear, material oxidation or any other physical phenomena [15]. 

The relative motion of the two bodies create material damage broadly 
classified into wear and fatigue, the behaviour of the oscillatory contact 
depends on the debris formed during the process, and its rate of creation 
and emission from the contact and the properties of the debris adhered at 
the contact.  

The rise of temperature between the mating surfaces depends on the 
contact area parameters, namely the number of contacts, size, spacing and 
the orientation of the contacts, as well as sliding velocity. Results [15] 
indicate that the contact temperatures are extremely sensitive to the sliding 
speed and the amount of normal force acting at the point of contact, as they 
cause greater interaction between contacts due to convective effect. 

Temperature has a great influence on many physical systems through its 
influence on thermodynamics, kinetics and material properties. According 
to this it can be said that the formation of debris beds within a fretting 
contact depends on the attributes which are influenced by temperature. 

As the temperature is increased, the rate of wear and coefficient of 
friction are observed to decrease remarkably over the transition 
temperature. Reduction of the wear rate over an order of magnitude of 
medium carbon and stainless steels have been observed [7]. Similar 
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behaviour of different alloys have been reported in the literature relating to 
the oscillating sliding wear at elevated temperature [7]. 

Figure 9.1 [7] shows the relationship between the steady state COF and 
temperature, where the steady state represents the average of the values 
recorded in the fretting tests from 25×103 to 100×103 cycles. From the 
figure, it can be observed that the steady state COF decreased rapidly from 
40°C to 150°C and then stabilized. Figure 9.2 [7] shows the development of 
the COF with cycle count during fretting as a function of temperature. From 
the figure, it can be observed that at any particular temperature, the 
decrease in the COF is during the early cycle count, which is during 0-1 
cycle/104. After which the COF stabilizes with no further decrease. 

 

 
Figure 9.1 Relationship between the steady state COF and temperature.  
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Figure 9.2 Development of the COF with cycle count during fretting as a 

function of temperature. 
                                                    

From the observations of the figures 9.1 and 9.2 it can be said that the 
formation of debris layer is possible at temperatures low as 80°C and at a 
low cycle count, after which the rate of decrease in COF and rate of 
formation of debris layer decreases. 

The oxidation changes from logarithmic to parabolic growth over the 
transition temperature (150°C-200°C) and to the predominance growth of 
Fe3O4 within the oxide film, over Fe2O3 which was the dominant oxide 
below the transition temperature[7] .The reduction of rate of wear and 
coefficient of friction at elevated temperatures is due to the formation of 
Fe3O4 which adheres more strongly to the mating surfaces forming a ‘glaze-
layer’ which acts as a better solid lubricant than Fe2O3 [7].  
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The temperatures at the contact areas from the simulation model and 
the experimental test are mostly less that the transition temperature, so the 
dominant oxide is mostly Fe2O3. The adhered debris layer of Fe2O3 on the 
surface of the contact areas is not a permanent glaze layer. Tests conducted 
by the automobile company after cooling down the gearbox have not shown 
any tooth jump, from which it can be said that the adhere debris layer 
detaches from the contact. 
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10. ANSWERING THE RESEARCH 
QUESTIONS / CONCLUSION 

 
10.1 Is there a temperature build up in the areas of 

contact of pawl-ratchet and pawl-cone?  
 

Yes, temperature rise between the contacts of pawl-ratchet and pawl-
cone has been observed in both simulation model and experimental test. 
This temperature rise is due to the friction between the contact surfaces and 
the oscillations generated in the vehicle. These oscillations in the vehicle 
result in small displacement oscillations at the contacts leading to fretting. 
 
10.2 How is the friction affected by temperature?  
 

As a result of fretting at elevated temperatures (80°C-150°C), an 
adhesive layer (Fe2O3) is formed due to oxidation of the wear debris. This 
adhesive layer decreases the coefficient of friction at the contact surfaces. 
This layer is not a permanent damage to the surface, as the system cools 
down this adhesive layer detaches from the surface restoring the initial 
coefficient of friction. 
 
10.3 How is the contact affected by lubrication?  
 

The lubrication has no considerable effect on the contact. Lubrication 
reduces the oxidation of the wear debris by forming a boundary layer 
around the contact, but since the surfaces are smooth with no lubricant 
retaining pockets because of which the lubricant is completely squeezed out 
of the contact area leading to the phenomenon of fretting in the absence of 
lubrication (9).  
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10.4 How can the design be improved to be more 
robust? 

 
Liquid lubricants with effective metal deactivator additives (MDA) can 

help to reduce the effect of fretting but will not likely stop fretting 
altogether [15]. 

A change in the orientation of the contact between the pawl and ratchet 
because at present there is only a line contact which results in very high 
temperature rise. The contact should be optimized in such a way that the 
pawl is released from the ratchet after the disengagement of the park lock. 
 
10.5 Relevance of the Test Procedure 
 

The performed test is an accelerated test to investigate the fatigue 
strength of the park lock mechanism. In this testing, the park lock 
components are subjected to extreme loads, the whole car is stopped from 
rolling back on 30% slope inclination with the engagement of the park lock. 
The perfect engagement of the pawl tooth into the ratchet during the test 
leads to huge oscillations of the car as discussed in the section 7.1.3. These 
oscillations lead to increase in temperature at the contact areas of the park 
lock resulting in fretting.  

In the real-world application of the park lock mechanism, no such 
engagement is practiced. The park lock is engaged with foot break and e-
brake applied, which results in no possible oscillations of the car.  
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11. FUTURE WORKS 
 

The loads acting on the park lock setup in the simulation model are an 
approximation of the loads acting on the real park lock setup. In the real 
park lock setup, the loads are complex. In future, more investigation can be 
used to obtain and build a better matching simulation steps. 

The effective torque applying in the ratchet can be optimised by 
redesigning the pawl and ratchet which is out of scope of this work. A 
shape and size optimization can be performed. 

The design can be changed in such a way that the oscillations 
generated during the engagement are nullified. This way the fretting action 
does not takes place leading to no temperature rise at the contact of pawl 
and ratchet. 
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