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Abstract  

Based on the Almen-Laszlo theory, this paper studies the mechanical properties of 
various kinds of disc springs used in ICV by theoretical calculation and finite element 
simulation. The mechanical properties of  the disc spring group were also analyzed in 
this paper. The results show that the mechanical properties of elasticity and plasticity in 
the loading process are basically no difference, but there is a small difference between 
the theoretical calculation. W ith the positive valence of the number of disc reeds, the 
difference between the finite element and the theoretical results is more and more 
significant, but the trend is the same, and the finite element result curve is always above 
the theoretical curve. The effect of dislocation on the mechanical properties of disc 
spring group is that the fitting degree of finite element curve and theoretical curve 
decreases with the increase of dislocation, but the re is always intersection point . 
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1. Introduction  

The disc spring,as shown in Fig. 1.also known as the belleville spring washer, was first invented more 

than 100 years ago by the French J. Belleville. The shape of the disc spring is conical disc shape, 

different from the traditional spring, the function has its special function, the main characteristics are 

that the load is large, the stroke is short, the space required is small, the combination is convenient to 

use, the maintenance and replacement is easy, and the economic safety is high. Suitable for small 

space, high load precision heavy machinery. Its best use range is between 10% and 75% of its 

maximum compression stroke. Noor Fawazi et[1] study proposed a load-displacement formula for 

slotted disc springs in the form of energy method by considering the rigid and bending deflections of 

the two sections and further improved the SAE formula. s. ozaki et [2]systematically studied the static 

deformation behavior of disk spring under axial load at friction boundary using finite element method 

based on the equivalence of energy and friction law, and proposed a simplified method to predict the 

load-deflection curve, which considers the hysteresis caused by edge friction. c. k. h. dharan et [3] 

investigated the feasibility of replacing steel with composite in a disc spring (or bellville washer), 

reproducing steel disc springs with the same load/deflection characteristics and maximum load 

capacity, while achieving significant mass savings. the steel disc spring design equation for isotropic 

composite laying was modified. The elastic load displacement of the disc spring was studied by finite 

element method by P.Bagavathimer et [4].  

Formally based on the large load of the butterfly spring and the short stroke performance, the disc 

spring is selected as the elastic element in the design of the icv controller, as shown in Fig. 2.ICV 

controllers need to use a variety of combination forms of disc spring, in the literature has not found 

the relevant research, so this paper mainly for a variety of combination of disc spring mechanical 

analysis, through theoretical analysis and finite element simulation of a variety of combination of disc 
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spring, to obtain the various combination of disc spring load-displacement characteristics curve, and 

analysis of the impact of disc spring on the load- property curve. 

 

Fig. 1 Butterfly springs of various specifications 

 

Fig. 2 Application of Disc Spring in ICV Controller 

2. Theoretical Analysis  

2.1 Theoretical Model  

This paper uses the famous Almen-Laszlo theory[5]for disc spring load calculation. the formula has 

the following assumptions: assume first, the angular deflection of the cross section is relatively small. 

second, the section remains undistorted at the deflection position. third, the loading and support are 

uniformly distributed around the respective circumference. The Almen-Laszlo formula is primarily 

for the calculation of this disc spring in Fig. 3 

 

Fig. 3 Butterfly Spring Note: o-neutral point, D-external diameter, d-internal diameter, D0-neutral 

diameter, t-thickness, free height of H0- single-chip disc spring, calculation value of h0-

unsupported surface disc spring pressure normal deformation value h0-t. 

The almen-laszlo theory assumes that a point o is neutral in the rectangular plane of the disc spring 

section. When the disc spring is subjected to axial force, the section rotates around the neutral point 

o, ignoring the influence of the radial stress. The load and the reaction force of the supporting surface 

are uniformly distributed along the inner and outer circumference, and the material is a complete 
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elastomer, ignoring the friction of the contact surface. Therefore, there is a formula for calculating 

the disc spring. The relation between the disc spring load f and the deformation f is as follows: 

& Ͻ Ͻὑ Ͻ ὑ ρ                        (1) 

Ὂ Ͻ Ͻὑ                                 (2) 

where F is the load and K1, K2, K3, K4, C1 are the calculated coefficients. 

The formula for calculating the stress of the disc spring, the four angles on the axial section of the 

disc spring are defined as I, II, III, IV points, respectively, and OM is a point on the upper surface of 

the disc spring. As shown Fig. 3. 
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Where OM  are the stresses at the neutral points o, i, ii, iii, iv, respectively.  

The laminated disc spring consists of n disc springs of the same direction and specification, and the 

corresponding disc spring consists of I disc springs of the same direction, as shown in Fig. 4. 

 

Fig. 4 Folding disc spring 

In the absence of friction, the formula is as follows: 

Ὂ ὲϽὊ                                 ( 8)  

Ὢ ὭϽὪ                                 ( 9)  

Ὄ ὭϽὌ ὲ ρϽὸ                          ( 10)  

2.2 Disc Spring Parameters 

This paper chooses the A series D8 butterfly spring [6], the parameters of this series spring are shown 

in the table below. 

Tab 1 Series A D8 Butterfly Spring 

Classification D/mm d/mm t/mm h0/mm H0/mm 

D8 8 4.2 0.4 0.2 0.6 
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The parameters of this paper are shown in the following table. 

Tab 2 Disk spring lamination parameters 

Classification     

i/Group 20 40 40 40 

n/Piece 2 3 4 5 

The load and four point stresses of the superimposed disc spring can be obtained by bringing the data 

into the formula. 

3. Finite element analysis  

3.1 Finite element analysis software  

In this paper, the use of ansys as finite element analysis software, ansys software fusion structure, 

fluid analysis and integration of large-scale general finite element analysis software, can be widely 

used in geological, mechanical and other engineering analysis and scientific research. Ansys has 

strong modeling ability, powerful solving ability and nonlinear analysis ability.  

3.2 General Modelling  

A disc spring component is established in ansys, which is deformable rigid body. this component size 

is consistent with the parameters used in the theoretical analysis. For the convenience of calculation, 

the model of two-dimensional axisymmetric structure is adopted, and the plane182 axisymmetric 

element is selected to divide the grid. The boundary condition is fixed large end support surface 

(point), and the node on the small end face (point) support circumference applies an axial 

displacement load of 0.15 mm. the von mises yield criterion and the large deformation geometry 

equation are adopted. turn on the large disturbance effect, and the linear search uses the Newton 

Raphson method. the spring material parameters of the disc are as follows: elastic modulus e 

=206,000 mpa, poisson ratio ɛ=0.3, density density =7850 kg/m3, yield strength ůs =1520 mpa, 

friction coefficient mu =0.1.  

A total of 304 two-dimensional models with a combination of 1-piece and 1-set disc spring. as shown 

in Fig. 5. 

 

Fig. 5 1-piece,1-set disc spring mesh 

A total of 3040 two-dimensional model computing grids in the form of two-piece 20-group disc spring. 

A finite element model of 2 sheets stacked 20 pairs,3 sheets stacked 40 pairs,4 sheets stacked 40 pairs 

and 5 sheets stacked 40 pairs (hereinafter referred to as 2-20,3-40,4-40,5-40, respectively) was 

established as shown in Fig. 6, and elastic and plastic simulations were performed for each group, 

respectively. the results are distinguished by e (plastic), p (elastic) suffixes. such as 2-20-p indicates 

that the disc spring of the 2-piece superimposed 20 pairs is fully elastomer in the simulation, and 2-
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20-e indicates that the disc spring of the 2-piece superimposed 20 pairs sets the yield strength in the 

simulation. 

 

Fig. 6 2-piece 20-piece combo disc spring mesh 

3.3 Establishment of dislocation model  

This paper simulates the force state of the disc spring when it is misplaced and analyzes the load-

displacement characteristic curve after the dislocation. Because of the randomness of the spatial 

position of the disc spring after the lamination, it is difficult to confirm the relative position of the 

disc space because of the large external interference. For simple calculation, this simulation only 

changes the relative position of the upper and lower disc springs in a set of disc springs. because the 

d8 disc spring is small in removable position after installing on the shaft, this simulation only selects 

three sets of movement as displacement data, moving 0.01mm,0.05mm,0.1mm in the positive 

direction of x.  

Build the model as follows Fig. 7. 

 

Fig. 7 Model after moving the upper and lower two disc springs in each group 

4. Analysis of results  

The stress cloud of 1 disc spring at a displacement load of 0.2 mm (when the disc spring has been 

flattened) is shown inFig. 8 and Fig. 9 below. it can be seen from the cloud diagram that when the 

disc spring is a complete elastomer, the maximum stress is 2763.74 mpa, and after setting the 

plasticity, the maximum stress is 1576.48 mpa, that is, the yield stress of the material. the minimum 

stress between the two is not much different, about 50 mpa. The maximum stress region of plastic 

model is larger than that of elastic model, and the minimum stress zone is smaller than that of elastic 

model. 








