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Abstract - An automotive flex plate connects the engine crankshaft and the torque converter and provides a cushion between 
them preventing damage from harmful axial movement. In this paper, a fully parameterized model of a flexplate is created, 
and then optimization process applied to study maximizing the fundamental frequency of the flexplate model and 
minimizing the maximum von Mises stress in the model. All three optimization cases studied show improvement in their 
objective functions. In one case, more than 12% of improvement has been observed and the equivalent stress in the 
optimized flex plate model appears to be more evenly distributed, which makes the resulted model a more durable and better 
design. 
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I. INTRODUCTION 
 
A flexible flywheel, or simply flexplate, of an 
automobile transmits power by connecting the engine 
crankshaft on one side and the torque converter on 
the other, both by bolting, and serves as a vital part of 
the powertrain.In an automatic transmission vehicle, 
the flexplate no longer serves to store the rotational 
energy and ensures the crankshaft rotating smoothly, 
which role has been replaced by the torque converter 
with a much larger moment of inertia.  Instead, the 
flexplate,which is thin and flexible, cushions any 
axial movement between the crankshaft and the 
torque converter andtherefore protects the powertrain 
from damaging axial motions. A flexplate assembly 
usually contains a flexplate, a ring gear and two 
backingplates for both sides. Outfitted with a ring 
gear, the flexplate assembly also assumes the 
responsibilityof starting the engine with the help from 
the starter motor. Fig. 1 shows a flexplate assembly 
with 8 stress-relieving holes. 
 
Designing a flexplate assembly should consider its 
flexibility, structural strength and modal properties. 
The structure must be flexible enough to absorb the 
axial deformation, must be strong enough to 
withstand impact loadings from axial and radial 
directions, and must satisfy certain modal property 
constraints to avoid structural resonances. 
 
There are only a few papers discussing flexplate 
structures in the literature. Zhang et al. [1] showed 
that the shape of the holes on the disk did not affect 
greatly the axial stiffness of the structure in the 
flexplate they investigated.Zhou and Lepi[2] 
investigated the effects of bearing clearance, damper, 
and flexplate design on overall engine radiated sound 
power using a design of experiment (DOE) 
technique.Wurst [3] modified several flexplates and 
applied strain gauges to measure torque with special 

attention to minimize or eliminate any changes in 
flexplate torsional stiffness in order to 
developequipment for measuring engine output 
torque. However, the concept of using the finite 
element method to study other automotive parts are 
very common, e.g. [4-7]. 
 
In this paper, a flexplate assembly model is first 
parameterized using the ANSYS Parametric Design 
Language (APDL) with 29 parameters uniquely 
defining the flexplate geometry. Then, an 
optimization sequence is iteratively applied on the 
model to maximize or minimize a predefined 
objective function with some of the 29 geometrical 
parameters as the design variables. Three structural 
optimization cases are studied in this research. Cases 
1 and 2: the fundamental frequency (the first modal 
frequency) of theflexplate assemblyis maximizedto 
improve its modal properties. Case 3: the maximum 
equivalent stress of the flexplate assembly is 
minimized in a static structural analysis.  

 

 
Fig.1. A flexplate assembly 
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II. RESEARCH METHODS 
 
2.1. The Finite Element Model 
The flexplate geometry shown in Fig. 1 is fully 
parameterized by 29 design parameters.Fig. 2 shows 
that the half-cross section of the flexplate is defined 
by 11 geometrical parameters, and from top view of 
the structure, Fig. 3 illustrates the rest of the variables. 
Using the values given in Table 1 renders the 3D 
model shown in Fig.1. 
 
The finite element mesh shown in Fig. 4 contains 
189,899hexahedral or tetrahedral elements and 
364,695 nodes.The material used for the model is 
structural steel with Young’s modulus E = 200 GPa, 
Poisson’s ratio  = 0.3 and density  = 7850 
kg/m3.Two distinct sets of boundary conditions for 
the finite element modelare used in this research and 
they will be discussed in the next section. 

 

 
Fig.2. Design parameters defining the half-cross section of the 

flexplate. 
 

 
Fig.3. Design parameters of the flexplate from top view. 

 
Table 1: Original values of the 29 parameters§ 

Difp Dofp Sx1 Sx2 Sy1 Sy2 Tfp R1fp 
42 265 25 41.5 1.85 1.45 2.5 5.5 
R2fp R3fp R4fp Dbif Dbof Dri Dsfp DP1ri 
10 7.5 14 9 11 5 15 56 

DP2ri DPbi DPbo DPfp Nbi Nbo Nh Nri 
76 65 232 138 6 6 8 3 
bi bo s ssp ri    
30 30 60 12 5    

§All length units are in mm. 
 

 
Fig.4. The finite element grid. 

 
III. CASES STUDIED 
 
3.1. Case 1 
The first case is to try to improve the modal 
properties of the flexplate assembly under a free-free 
boundary condition by maximizingits fundamental 
frequency with design parameters Sy1 and Sy2.The 
shape optimization problem is formulated as follows: 

Maximize푓 (푋) (1) 
subjected to  푋 ≤ 푋 ≤ 푋 (2) 

and  푋 = [푥 푥 ⋯ 푥 ] (3) 

where f0 is the objective function of this optimization 
problem and also the fundamental frequencyof the 
flexplate assembly; xi is theithdesign parameter 
selected and XL and XU denote the lower and upper 
bounds, respectively, of the vector containing the 
parameters; and n is the number of theselected design 
parameters. 
 
Solving Eqs. 1-3 using APDL with the first-order 
optimization option, which employs a forward 
difference approximation to calculate the required 
gradient vectors, raises the fundamental frequency 
from 287.4 Hz to 300.0 Hz after 8 iterations, and Figs. 
5 and 6 show the iteration histories of the objective 
function and both design parameters, respectively.Sy1 
and Sy2 have also increased from 1.85 mm and 1.45 
mm to 2.72 mm and 2.87 mm, respectively. 
 

 
Fig.5. Iteration history of the objective function for case 1. 
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Fig.6. Iteration history of the design parameters for Case 1. 

 
3.2. Case 2 
To further increase the fundamental frequencyof the 
assembly, three more design parameters, R1fp, R3fp and 
Sx2, are selected in Case 2.Solving Eqs. 1-3 with the 
added variables, starting from the model obtained in 
Case 1, increases the fundamental frequency to 304.0 
Hzin just 6 iterations. Figs. 7 and 8 illustrate, 
respectively, the iteration histories of the objective 
function and the design parameters for this case. The 
mode shape of the optimized fundamental mode can 
be seen in Fig. 9. 

 

 
Fig.7. Iteration history of the objective function for  

Case 2. 
 

 
Fig.8. Iteration history of the design parameters for Case 2. 

 

 
Fig.9. Fundamental mode shape of the resulted flexplate 

modelfor Case 2, f0 = 304 Hz. 
3.3. Case 3 
This case investigates the effects of changing 
parameters on the maximum stress of the plate 
assembly in a static analysis. Since one of the main 
purposes of the flexplate is to absorb the axial 
movement between the crankshaft and the torque 
converter, it would be very beneficial if the maximum 
stress in the plate can be reduced when such 
movement occurs. The minimal-maximum-
stressoptimization problem is formulated as follows: 

Minimize휎 (푋) (1) 
subjected to  푋 ≤ 푋 ≤ 푋 (2) 

and  푋 = [푥 푥 ⋯ 푥 ] (3) 

where max is the maximum equivalent stress or the 
maximum von Mises stressof the flexplate assembly 
model. 
 
The boundary conditions and applied loading for this 
case can be seen in Fig. 10. The flexplate is bolted to 
the torque converter by 6 bolts via 6 spacing blocks. 
Therefore, the contact areas of the 6 spacing blocks 
are constrained in the direction normal to the areas 
(UY = 0), and also the cylindrical surfaces of the bolt 
holes are restrained inthe non-axial directions (UX = 
0 and UZ = 0).For the loading condition of this static 
analysis, the crankshaft contact area undergoes an 
axial movement of 2 mm.Also, the design parameters 
selected are Sy1, Sy2 and Sx2 for Case 3. 
 
After 8 iterations, the optimization process appears to 
have converged. Figs.11and 12 showthe equivalent 
stress distribution before and after the optimization 
process for Case 3, with the maximum stress dropped 
from 484.1 MPa to 424.6 MPa, a more than 12% 
reduction.Furthermore, after the optimization, the von 
Misesstress in the flexplate appears to be more evenly 
distributed. Figs. 13-15 depictthe iteration histories of 
the objective function and the design parameters for 
Case 3. The optimal solutions forSy1, Sy2 and Sx2 in 
Case 3 are 17.69 mm, 13.04 mm and 34.30 mm, 
respectively. 
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Fig.10. Boundary and loading conditions of the finite element 
model for Case 3. 

 

 
Fig.11. Equivalent stress distribution before optimization for 

Case 3. 
 

 
Fig.12. Equivalent stress distribution afteroptimization for 

Case 3. 
 

 
Fig.13. Iteration history of the objective function for 

Case 3. 

 
Fig.14. Iteration history of design parameters Sy1 and Sy2for 

Case 3. 

 
Fig.15. Iteration history of design parameter Sx2 for Case 3. 

 
CONCLUSIONS 
 
Structural optimization of an automotive flexplate has 
been performed and major conclusions are as follows: 
1. The creation of the fully parameterized flexplate 

model makes the structural optimization process 
with a first-order scheme possible and efficient. 

2. All three optimization cases have shown 
improvement in their objective functions, either 
for maximization or for minimization. Especially 
for Case 3, more than 12% of improvement has 
been observed and the equivalent stress in the 
optimized flexplate model appears to be more 
evenly distributed, which makes the resulted 
model a more durable and better design. 
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