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Abstract. A new kind of product design improvement method was proposed, which was mainly based on modal 
analysis using human-computer interactive way. And it was used in design improvement of an aerospace assembly to 
verify the effectiveness. The method made full use of the advantages of human and computer in product design and 
the work was mainly focused on modal analysis by computer and structure modification by human-computer 
interaction method. The final design got a better solution than the initial design as the results showed that the base 
frequency increased by 34.7% from 43.2Hz to 58.2Hz after design improvement and the vibration feature improved a 
lot. Also the experimental results were close to the simulation results with the relative error was 2.5%. The 
human-computer method can save cost and time and can provide a reference for other design of new products at the 
same time. 

1 Introduction 
With the development of society and industry, more and 
more products will be designed and produced. In the 
design phase of products, a lot of factors should be 
considered. And in the aerospace field, one of most 
important factors is vibration environment [1]. Although 
people wish the structure of the product can be the most 
suitable in the initial process of the development, the 
products either cannot satisfy the constraints or have 
large useless material allowance constantly at the 
beginning [2, 3, 4].  

In the original ways, people produce the test 
specimen product and do the experiment based on the test 
part under the given test environment [5]. If the test 
pieces cannot satisfy the environment, people will 
improve the design and reproduce the test specimen 
product and test on it in a series of cycles. Obviously, the 
original product design means will expenditure a big 
amount cost and waste too much time at the same time. 
But with the development of CAD/CAE/CAM software, 
people can modify the structure in the product design 
software such as Pro/E, CATIA, SolidWorks and so on. 
Besides, by analysis of finite element software, people 
can find the weak point of the structure and improve the 
design in the software [6, 7, 8]. By cycles of design 
improvement, people will get a better solution than the 
initial design, and only need to do verified experiment on 
the final product. Based on the development of 
CAD/CAE/CAM software, we proposed a 
human-computer interaction method [9, 10] of product 
design improvement. 

2 Product design improvement using 
human-computer interaction method 

  

Figure 1. Flow chart of human-computer interaction method. 
 
In this paper, a new kind of product design improvement 
using human-computer interaction method based on 
modal analysis was proposed and could be described as 
Fig. 1. As people design the product, they usually have 
initial CAD in the preliminary stage. Then they can 
import the initial CAD to finite element software such as 
HyperMesh, PATRAN, ANSYS and so on to get the 
finite element model. By modal analysis, the vibration 
feature and vibration frequency of the structure will be 
achieved. Then the weak point of the structure will be got 
by analysis of the vibration feature and people can 
improve the design by modification of the structure [11]. 
The biggest characteristic of the method is 
human-computer interaction; human and computer play a 
different part in the design improvement progress, but 
have sufficient interaction to finish the final job. Human 
not only work in the structure modification phase, but 
also help in the decisions whether the design is satisfied 
or not with the optimum scheme. 

3 Improvement design of an aerospace 
assembly 
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3.1 Descriptions of the aerospace assembly 

The aerospace assembly was consist of external 
framework and internal function products. As the internal
function products were hard to modify, then the 
improvement work was mainly focused on the external 
framework which was consist of thin-walled beams. The
objective was increasing the base vibration frequency and 
improving the vibration feature. To get a better look at 
the improvement point of the framework and in 
considering of privacy, the following figures just 
displayed the framework of the aerospace assembly and 
hided part of internal function products. But in the design 
and computing phase, all parts had been considered. The 
initial CAD could be described as Fig. 2. This phase was
mainly finished based on computer using CAD software.

Figure 2. Initial CAD of the aerospace assembly. 

3.2 Creating finite element model  

Figure 3. Initial finite element model of the aerospace assembly 
(model a). 

Then the initial CAD was imported to the finite element 
software. And the finite element model of the frame was
divided by two dimension grids while the internal 
function products were divided by three dimension grids. 
Also this phase was mainly finished based on computer 
and the finite element model can be described as Fig. 3. 

3.3 Modal analysis  

As the finite element model was achieved, then modal 
analysis could be conducted and the first vibration 
feature could be got as fig.4. And the base frequency of 
the assembly was 43.2Hz which was less than the desired 
value. Worse still, vibration of the cared internal function 
products displayed as black circles in fig .4 was too large 
to satisfy the demand. Also this phase was mainly 
finished based on computer by finite element software.

Figure 4. First vibration feature of the aerospace assembly 
(model a). 

3.4 Improvement of the finite element model 
based on modal analysis  

Then the design could be improved in the finite element 
software by human-computer interaction, which meant 
that modal analysis and structure modification was 
conducted in an interactive style and the assembly would 
make a better performance by cycles of structure 
modification again and again. In this phase, the work was
finished by human-computer interaction. The 
improvement design of the aerospace assembly in the 
finite element software can be described as Fig. 5.

The design model of the aerospace assembly was 
improved from model ‘a’ to model ‘d’ after a cycle of 
structure modification. And Table 1 listed the base
vibration frequency of four structures and the change of 
cared parameters.

Table 1. Parameters change chart of four structures. 

Parameters Topo 
a

Topo 
b

Topo 
c

Topo 
d

Rate 
change

Base 
frequency/Hz

43.2 44.2 45.8 58.2 +34.7%

Model b (44.2Hz)

 
  

DOI: 10.1051/05002 (2016), matecconf/2016MATEC Web of Conferences  66

ICIEA 2016

8 805002

2



Model c (45.8Hz)

Model d (58.2Hz)

Figure 5. Improvement design of the aerospace assembly in finite element software. 

Figure 6. Final CAD of the aerospace assembly. 

3.5 The final CAD and product. 

By cycles of improvement by human-computer 
interaction method, the final finite element model could
satisfy the requirement by modal analysis results. Besides, 
the base frequency of the final model improved from 
43.2Hz to 58.2Hz and the weak points had been modified, 
so model ‘d’ could be regarded as the final finite element 
model [12]. Then we used the Pro/E software to generate
the final CAD described as Fig. 6 and produced the 
product.

3.6 Experimental results.

The final product was produced based on the final CAD 
of Fig. 6. And vibration environment experiment was 
established on the 10t platform vibrator. The 
experimental results of the base vibration frequency was 
59.7Hz. Table 2 listed the comparison of the simulation 
results with the experimental results. 

4 Results & discussion 
The simulation data from table 1 showed that the base 
frequency of aerospace assembly had improved from 

42.3Hz to 58.2Hz after human-computer interaction 
product design improvement based on modal analysis, 
and the rate change between final model ‘d’ and initial 
model ‘a’ was 34.7%, which showed that the 
improvement design made a good performance and the 
effect was obvious. 

And the experimental results of the base frequency of 
the real product from table 2 was 59.7Hz comparing to 
the simulation results which was 58.2Hz, and the relative 
error was about 2.5%, which proved the effectiveness of 
the simulation analysis by finite element software. From 
this case, the following conclusion could be drew that 
product design improvement using human-computer 
interaction method could make a great contribution in 
design of similar product, and was not limited to the 
aerospace product. 

Table 2 Comparison of the simulation results and the 
experimental results.

Analysis 
situation

Simulation
results

Experimental
results

Relative error

Value 58.2Hz 59.7Hz 2.5%

5 Conclusions 
In this paper, a new kind of product design improvement 
using human-computer interaction method was proposed 
and was used to an aerospace assembly to verify the 
effectiveness. The results showed that the design 
improvement increased the base frequency by 34.7% 
from 43.2Hz to 58.2Hz and the vibration feature 
improved a lot. Also the experimental results were close 
to the simulation results with the error was 2.5%. The 
method was mainly based on modal analysis on the finite 
element model by computer and structure modification 
by human-computer interaction. The method made full 
use of the advantages of human and computer in product 
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design and could get a better solution than the initial 
design. In a word, the human-computer method can save 
cost and time and can provide a reference for other 
design of new products at the same time. This 
human-computer ideology might also be used for other 
fields such as key engineering material and so on. 
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