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ABSTRACT 

For appearing a tremor and buckling 

phenomenon on the top press machine in 

completing press the copper sheets, to analyze 

the reason, dynamics model and [mite element 

analysis model of the press frame were 

established, the harmonic response analysis was 

done using ANSYS software, and the harmonic 

response frequency and its harmonic response 

amplitude in the X, Y, Z three directions were 

obtained respective. To analyze the strength of 

the moving plate we have to conduct structural 

analysis at different loads (500N ,1000N, 

1500N) applied on the moving plate. The 

resonating frequency obtained from harmonic 

analysis will be compared with the free vibration 

frequencies obtained model analysis in order to 

check if the applied id creating any resonance. 

INTRODUCTION 

Usually, engineering problems can be solved by 

constructing an appropriate model. This model 

should be used primarily in engineering design 

to understand and predict the performance of the 

problem. Severe constraints of time and cost 

should be considered when constructing and 

analyzing engineering models. The solution of 

the engineering models, by conventional 

analytical methods, can sometimes prove either 

difficult or impossible because the geometry or 

some other characteristics are complex or 

arbitrary. Therefore, the numerical technique, 

which usually involves a number of repetitive 

operations, making them ideal for solution by 

computer, are well suited to obtaining an 

approximate solution. Finite element method 

(FEM) has become the most effective numerical 

technique used to calculate the most complicated 

engineering problems compared to other 

computer aided engineering. 

In contrast the conventional analytical 

methods require the use of high-level 

mathematics, whereas the finite element method 

is based on simple algebraic equations. 

However, an FEM solution may require 

hundreds of simultaneous equations with 

hundreds of unknown terms. The advances in 

the finite element method over the last two 

decades have contributed greatly to its 

acceptance, as one of the most effective 

techniques for practical engineering design 

analysis. The popularity of this technique is due 

to its wide applicability to both static or dynamic 

linear and non-linear structural problems. The 

structure could be anything that is fabricated, 

manufactured or erected which must withstand 

an imposed load. Until recently, cost was a 

major limitation on the use of FEM. However, 

the advances in computing hardware and 

software have changed this situation. Despite 

these advances, the high cost of large three-

dimensional analysis and the fact that many 

engineers are not fully aware of the capabilities 

and economics of the finite element method, 

remain the main limitations in this method being 

used. 
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In the present investigations, the mathematical 

modelling strategies of the structure of a 150-

tonne hydraulic press machine are described. 

The existing PC based FE package is used to 

make a comparative study of several models of 

this press structure. The objective of this was to 

investigate the resonance effects under different 

loads. The analysis of hannonic response, modal, 

transient dynamic and spectrum can be easy 

realized by ANSYS software, so the structure 

for the dynamic response of the random load or 

the load which changes with time can be 

determined. Dynamic and finite element model 

of the press frame was established, and 

harmonic curve of peak response and resonant 

frequency in three directions of X,Y and Z 

calculated by the ANSYS software, the results 

showed that resonant frequency of 150Hz and 

amplitude of 1031fIm at Z direction 

respectively, while resonant frequency was 

24 26Hz in both sides in horizontal plane, both 

of the above were closed to 

. The results showed the field measurement 

results were reasonable. In order to solve this 

Engineering problem, natural frequency of the 

press frame structures must be changed to avoid 

resonant frequency 150 160Hz area. In this 

improved method, vibration of press in working 

condition was measured by portable vibration 

meter AM300 again. The results showed that 

amplitude at Z direction was decreased 

significantly, and buckling deformation of frame 

has disappeared, thus meeting the production 

requirements which proved the correctness of its 

analysis and the effectiveness of improvement 

 

Dynamic Model of the Press Frame 

Based on the theory of vibration, the dynamic 

response of system is composed of two parts: 

one is transient decay free vibration depends 

only on its initial conditions, and the other is 

stable forced vibration also determined by 

harmonic excitation. Harmonic response 

analysis only calculated the stable forced 

vibration. 

 Motion equation of forced vibration is: 

Mu+Cu+Ku=F(t) ……….(1) 

Where: M--mass matrix of press frame structure. 

C-damping matrix of press frame structure. K--

Stiffness 

matrix of press frame structure. F(t)--exciting 

force vector. it , it ,U --acceleration vector, 

velocity vector and displacement vector of 

structure respectively. Under the assumption that 

frequency and phase of each 

hannonic excitation were same on the multi-

degree of freedom system, the exciting force can 

be expressed by the complex number: 

F(t) = (F; +iF2)eJOJI ………. (2) 

Where 

OJ --Harmonic excitation frequency, F \--real 

exciting force vector of structure, F2--virtual 

exciting force vector of structure. Displacement 

can be expressed as: 

u=(u1+iu2)eJOJI …….. (3) 

Where 

uj --Real displacement vector, 

u2 --Virtual displacement vector. 

Therefore, motion equation of the dynamic 

response analysis: 

- oi M +ioC +(uj +iu2)K = F; +iF2…… (4) 

 

Simplify model of the Structure 

Inner structure of the under the top-presses 

frame was designed very complex to meets 

process requirement. Therefore, establishment of 

finite element analysis model needs to be 

appropriately simplified: 

I) The structural characteristics, such as the 

small holes, fillets, chamfers etc. of the frame 

have a little effect on its natural characteristic, so 

its effect could be neglected. 

2) The geometric non-linearity has a little effect 

on the dynamic characteristics of the press, so 

the linear 
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performance of the structure was only 

considered 

 

 

 

 

Harmonic Response Analysis by ANSYS 

Any sustained periodic load will have a 
sustained periodic response in the structural 
system, this is the hannonic response. Hannonic 
response analysis can help people prediction of 
sustained dynamic characteristics of structural, 
and the design whether it could be overcome the 
resonance, fatigue and other harmful effects 
caused by forced vibration are verified by 
designers. According to the finite element model 
as shown in Figure I, vibration at different 
frequencies in dangerous point of the under the 
top-presses could be obtained by using the full 
method (Full method) harmonic response 
analysis module of ANSYS software. Parameter 
setting: because the vibration in one direction 
of upper beam and on top of leg were almost 
same, therefore, the midpoint of lower surface of 
the upper beam was select as the research object 
and amplitude of 500N, 1000N and 1500N 
sinusoidal excitation force was applied, its 
exciting frequency width is 0 420Hz, loading 
method was stepped. According to the previous 
set of the parameters and the finite element 
model, harmonic response curve of X, Y, Z 
three different directions in a cartesian 
coordinate system could be obtained by using 
ANSYS software 

 

 

boundary conditions such as loads, supports, 

initial conditions and displacement for static 

analysis. 

 

Results from static analysis are shown below 

Total deformation 

 

 

Equivalent stress: 
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Equivalent elastic strain: 

 

 

 

FORCE 
APPLIED  DEFORMATION (MAX) 

EQUIVALENT 
ESTRESS 1 (MAX) 

EQUIVALENT STRESS 
2 (MAX) STRAIN (MAX) 

500N 9.6974e-005 mm 1.7178e-002 Mpa 1.466e-002 Mpa 8.809e-008 mm/mm 

1000N 1.9395e-004 mm 3.4357e-002 Mpa 2.9331e-002 Mpa 1.7618e-0007 mm/mm 

1500N 2.9092e-004 mm 5.1535e-002 Mpa 4.3997e-002 Mpa 2.64627e-007 mm/mm 

 

 

Buckling Analysis: 
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Results of model analysis: 

Model analysis is carried out to determine the fundamental frequency and higher nodes of 

frequencies. 

First mode 

 

 

Second mode: 

 

 

 

 

 

Third mode: 

 

Fourth mode: 

 

5th  mode: 
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6th mode: 

 

 

7th mode 

 

 

 

 

8th mode  

 

 

9th mode: 
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10th mode: 

 

 

11th mode: 

 

 

 

 

 

12th mode: 

 

 

13th mode: 
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14th mode: 

 

15th mode: 

 

 

 

 

 

16th mode: 

 

 

Fundamental and higher modes of 

frequencies 

Mode Frequency [Hz] 

1. 28.801 

2. 28.815 

3. 43.255 

4. 150.67 

5. 152.69 

6. 212.24 

7. 254.21 

8. 339.13 

9. 339.23 

10. 551.02 

11. 586.66 

12. 603.77 

13. 604.25 

14. 618.94 

15. 639.21 

16. 639.76 
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Harmonic results: 

 

 

Frequency response along X,Y and Z axis 

respectively 

 
 Load (N) 

direction  500 
 

1000 
 

1500 

x  154 
 

151 
 

150 

y  210 
 

210 
 

212 

z  154 
 

151 
 

150 

 

 

 

Conclusions: 

1

.Resonance at about 151 Hz at 1000N  is the 
direct cause of arising buckling deformation 
which leads to abnormal vibration on the press 
machine. 
2. For appearing an abnormal vibration 
phenomenon, dynamics model and fmite 
element analysis model of the press frame were 
established, the hannonic response analysis of 
structural was done using ANSYS software, and 
the peak frequency of hannonic response in the 
X, Y, Z three directions were obtained 
respective, and improved the structure of the 
press frame to avoid this frequency, practice 
proves that the phenomenon of the tremor and 
buckling is eliminated. 
3. since the resonance is occurring at 1000N its 
suggested to avoid applying 1000N on this 
particular machine. 
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