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Abstract. The purpose of this project was to effectively avoid the defects in the production of the 

Dongfeng Automobile chassis floor. The research scope was the technological process of the rear floor 

parts of Dongfeng Automobile. The forming process of the rear floor parts of the Dongfeng Automobile 

model was analyzed, and the whole process numerical simulation model of the rear floor part was 

established by using the AutoForm software. The influence of blank holding force, convex concave 

clearance and drawing speed on the thinning rate and secondary strain of forming parts was analyzed by 

orthogonal experiment design. The 3 factors, blank holder force, convex concave clearance and drawing 

speed were analyzed. The optimal combination of edge pressure, convex concave gap and drawing 

speed were determined by multi-objective optimization. The best parameter combination results: BHF 

was 1273kN 1.10t mm, the gap between punch and die, drawing speed was 15 mm/ s, the thickness of 

the parts could meet the requirements of guidance for automotive production, but in mass production, 

also need to consider in the process of the specific choice of the plate material, the internal organization 

so, these would affect the process stability. In conclusion, the whole process simulation and orthogonal 

experiment design could effectively avoid forming defects and determine the forming parameters, and 

provide guidance for practical production in theory, and provide technical support for the optimization 

of Dongfeng vehicle floor. 

Introduction 

The traditional new mold development depended on the designer's experience. It took a lot of time in the 

process of mold debugging. On the one hand, it would prolong the development cycle of the mold, On 

the other hand, increase the mold development cost［1,2］.With the rapid development of computer 

technology, the numerical simulation technology was widely used in the development of automobile die

［3,4］.The numerical simulation could be used to predict the defects in the forming accurately, thus 

avoiding the possible defects before the die input and shortening the development cycle of the die.［5］ 

The commonly used analysis software for sheet metal forming was AutoForm in Switzerland, 

Dynaform in America, PAM-STAMP in France, JSTAMP in Japan, SheetForm and Vform in China 

and so on. The drawbeads of drawing forming were optimized with Dy-naform and orthogonal test by 

Wang Lieliang［6］, etc. Zhang Yuping［7,8］and so on utilized AutoForm to analyze the interior plate 

of the automobile, and studied the influence of the related forming parameters on the drawing, and 

optimized it. 

The author used AutoForm to simulate the whole process of Dongfeng Automobile chassis floor 

parts from drawing process, trimming process and flanging process, and comprehensively analyzed the 

possible problems in each process, avoiding the influence of process considerations on mold 
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development cycle and manufacturing cost. The orthogonal experiment and multi-objective 

optimization method were used to optimize the drawing process parameters, and the optimized 

parameters were tested. 

Process Analysis 

In view of the chassis parts of Dongfeng Automobile, the whole process simulation was divided into 

drawing, cutting and flanging through the analysis of the whole process. The numerical simulation 

focused on the formability of the parts in the drawing stage, the forming defects and  the requirements 

of the product. In the cutting stage, the effect on the subsequent flanging was mainly considered. They 

were considered in the flanging process that whether the flanging was feasible, whether there were  

defects or not and whether the height of the flanging was in conformity with the requirements. 

In the design of practical parts, the process arrangement was different from the whole process 

simulation, and the feasibility, the easy operation and the economic benefit should be considered at the 

same time. For example, when arranging the trimming process, it was different from numerical 

simulation. In numerical simulation, the trimming could be completed at one time. According to the 

actual conditions of the parts, the location of the trimming block, the slide of the waste, and so on, the 

trimming was usually completed in more than two processes. Although the process arrangement of the 

whole process simulation might be different from the actual working procedure, the whole process 

simulation was of great significance in the development of the mould. 

The Establishment of Full Process Simulation Model 

The material for the chassis floor was BLC, with a thickness of 0.8 mm. According to the characteristics 

of floor part, Process replenish surface and binder surface were increased. Among them, figure 1a was 

a drawing process, including gravity simulation of billet, closed edge of blank holder and closed drawing 

of die and punch. Figure 1b was the cutting process, which was removed from the non product section 

around the part. The edge contour was calculated from the flanged parts. Figure 1c was the flanging 

process, including the upward flanging and the down flanging. The parts were fixed under the combined 

action of the feeder and the press, and the upper flanging die would turn the edges of the parts 

downward, and the lower flanging die would turn the parts upwards. 

 

 

Figure 1.  Full cycle simulation of rear floor part in AutoForm 

Process Optimization 

The quality of the drawing parts of the automobile panel would directly affect the quality of the 

following parts and the final parts. The orthogonal test design was used to optimize the related 

parameters of the drawing process and determined the optimal combination of drawing process 

parameters, which would guide the actual production. Orthogonal test design was able to select 

representative combinations of parameters from comprehensive tests when researching multiple factors 

and levels. It had the characteristics of uniform dispersion and comprehensive. It was widely applied in 

experimental design［9］. 

Orthogonal Experimental Design. The Considering the 3 factors of blank holder force, convex 

concave clearance and drawing speed in the orthogonal test, the range of factors was determined 
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according to the actual situation and single factor experiment［10］.The influence factors in orthogonal 

experimental design were set as blank holder force Fb (factor A), concavo concave gap d (factor B), 

drawing speed v (factor C), each factor contained 3 levels, and 3 factor and 3 level orthogonal table were 

established. Table 1 was an orthogonal test factor level table, in which t was the thickness of the sheet. 

 

Table 1  Level and factor of orthogonal test 

 

 

 

 

 

 

 

 

Experimental Result. The quality of the drawing part was determined by many factors. The author 

investigated the maximum thinning rate and the minimum substrain after the forming of the parts. For 

the ordinary steel plate, the product surface thinning rate of the drawing parts should be less than or 

equal to 25%, and the reduction rate of the process compensation surface should not exceed 30%

［11,12］.According to the requirement of the car manufacturer, the change of the main strain and the 

secondary strain should be uniform, and more than -0.05.The main strain in the sheet metal forming was 

generally greater than 0, so the minimum strain was considered in the corresponding variable analysis. 

According to the orthogonal experimental design method, 9 experimental groups could be obtained, 

respectively, according to the configuration parameters, and the simulation calculation was carried out. 

Table 2 was the result of orthogonal test. 

 

Table 2  Results of orthogonal experiment 

 

 

 

 

 

 

 

 

Extreme Analysis. The influence of blank holder force, convex concave clearance and drawing 

speed on the maximum thinning rate and minimum secondary strain of the parts was compared. The 

results of orthogonal test were analyzed by range analysis. Table 3 was the result of the extreme analysis. 

In the extreme analysis, R was the fluctuation index of each parameter, and Rank was the order of 

influence on the test factors. The extreme difference analysis reflected the effect of the change of the 

level of the test factor on the result. The greater the value of R, the greater the influence of the factor to 

the result it showed. 

From table 3, it could be found that the most influential factor for the maximum thinning rate was the 

blank holder force in 3 factors such as the pressing force, the gap between the convex and the concave, 

and the drawing speed. 

    

level FactorA FactorB FactorC 

 Fb/kN d/mm v（/mm·s
-1） 

1 1 273 1.05 t 10 

2 1 470 1.10 t 15 

3 1 665 1.15 t 20 

      

No. A B C 

Maximum  

reduction rate /% 

Minimum  

sub strain 

1 1 1 1 17.66 -0.049 7 

2 1 2 2 17.14 -0.046 1 

3 1 3 3 16.26 -0.055 8 

4 2 1 2 17.88 -0.052 9 

5 2 2 3 18.51 -0.038 2 

6 2 3 1 17.47 -0.050 1 

7 3 1 3 18.97 -0.049 4 

8 3 2 1 19.37 -0.038 6 

9 3 3 2 19.93 -0.036 4 
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The influence of the maximum thinning rate from large to small was the edge force, the concave gap 

and the drawing speed. The influence of the blank holder force and the gap between the convex and 

concave on the minimum strain was greater than the effect of the drawing speed on the minimum strain. 

 

Table 3  Results of range analysis 

 

 

 

 

 

 

Multiobjective optimization.  In order to find the maximum thinning rate and minimum sub strain 

and achieve the optimal value simultaneously, multi-objective optimization was applied to determine the 

optimal parameter combination of blank holder force, convex concave clearance and drawing speed. A 

multi-objective optimization goal was that the maximum thinning rate was below 25% and the minimum 

strain was larger than -0.05. 

 

Table 4  Results of multi-objective optimization 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.2  Forming part in experimen 

Table 4 was a multi-objective optimization result calculated by using the experimental design 

software Design-Expert［13］.Table 4 listed the results in which some of the expected values were 

maximum and meet the multiobjective requirements, of which the first groups had the maximum 

expected value, that was, the selection of the 1 groups as the optimal parameter combination. 

Experimental Verification 

The optimized parameters were used to design the die for experimental verification, and Figure 2 was 

the part of the experiment. The drawing 2a was the drawing part, and the figure 2b was the part after the 

final flanging. By observing the non forming defects of the parts, the thickness of the parts was 

measured by the sharp corner micrometer, and the thinning rate is within the qualified range. 

Factor 

 

Maximum thinning rate/％   Minimum sub strain 

R Rank           R Rank 

A 2.38 1             0.010           1                                                           

B 0.45 2             0.010 1 

C 0.41 3             0.003 2 

No. 

FactorA 

Fb/kN 

FactorB 

/mm 

FactorC 

/mm·s 

Maximum 

Thinning 

Rate /% 

Maximm 

strain  Expectation   

1 1 273 1.10t 15  17.14 -0.046 1 0.059   

2 1 273 1.10t 20  17.57 -0.041 6 0.055   

3 1 273 1.10t 10  16.97 -0.047 7 0.052   

4 1 470 1.15t 15  17.64 -0.048 5 0.024   

5 1 470 1.10t 10  17.91 -0.044 1 0.019   
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Conclusion 

The whole process simulation considers the interaction between different processes. It was of great 

practical value to simulate the whole forming process and avoid defects effectively. The most influential 

factor for the maximum thinning rate was the blank holder force. The most influential factors for the 

minimum substrain were the blank holder force and the convex concave gap.  Through orthogonal test, 

the optimal combination of parameters was obtained: the edge force was 1273kN, the gap between the 

convex and concave die was 1.10t mm, and the drawing speed was 15 mm/ s.It was verified by 

experiments that the parts had no defects and the thickness of the parts met the requirements. 
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