
US 20020183993A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0183993 A1 
(19) United States 

Hirata (43) Pub. Date: Dec. 5, 2002 

(54) ANALYSIS METHOD USING FINITE 
ELEMENT METHOD, PROGRAM CAUSING 
COMPUTER TO EXECUTE SAME, AND 
SYSTEM FOR SAME 

(75) Inventor: Ichiro Hirata, Tokyo (JP) 

Correspondence Address: 
FOLEY AND LARDNER 
SUITE 500 
3000 K STREET NW 
WASHINGTON, DC 20007 (US) 

(73) 

(21) 

(22) 

Assignee: NEC CORPORATION 

Appl. No.: 10/157,499 

Filed: May 30, 2002 

(30) Foreign Application Priority Data 

May 31, 2001 (JP) .................................... .. 2001-164730 

Publication Classi?cation 

(51) Int. Cl? . .... .. G06F 7/60 

(52) US. Cl. ................................................................ .. 703/2 

(57) ABSTRACT 

An FEM analysis system is provided Which is capable of 
analyzing With high accuracy and Within a short time in a 
drop shock analysis of electronic devices in Which a very 
small mesh siZe is incorporated. Processing to be performed 
by an optimal solution selecting and analyzing section 
includes a step of checking Whether an analysis to be 
performed is a shock analysis, a step of searching for a 
minimum mesh siZe When the analysis to be performed is 
judged to be a shock analysis, a step of creating a simpli?ed 
analysis model using the minimum mesh siZe, a step of 
performing a preliminary analysis on a simpli?ed model by 
an implicit method and explicit method, and a step of 
selecting either of the implicit method or explicit method as 
an optimal analysis method by comparing results from 
preliminary analysis, results from these analyses and experi 
ments or exact solution. 
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ANALYSIS METHOD USING FINITE ELEMENT 
METHOD, PROGRAM CAUSING COMPUTER TO 
EXECUTE SAME, AND SYSTEM FOR SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a drop shock 
analysis system using an FEM (Finite Element Method) and 
more particularly to an analysis method using the FEM for 
analyzing a drop shock of an electronic device, a program 
for the analysis by the FEM method, and an FEM analysis 
system. 

[0003] The present application claims priority of Japanese 
Patent Application No.2001-164730 ?led on May 31, 2001, 
Which is hereby incorporated by reference. 

[0004] 2. Description of the Related Art 

[0005] Since it is expected that, by using a stress analysis 
(by Way of simulation) based on an FEM, a number of times 
of manufacturing a prototype and of experiments can be 
reduced and a development period can be shortened, the 
stress analysis using the FEM is noW being carried out 
increasingly in businesses or universities. 

[0006] The stress analysis can be classi?ed into tWo types, 
one being a static analysis and another being a dynamic 
analysis. A method for the stress analysis can also be 
classi?ed into tWo types, one being an implicit method and 
another being an explicit method. These tWo methods are 
different from each other in that an expression of the implicit 
method contains a spring constant “k” as a matrix, thereby 
forming a non-diagonal matrix and an expression of the 
explicit method contains a mass “m” as a matrix, thereby 
forming a diagonal matrix. Therefore, When the stress analy 
sis is performed, an inverse matrix calculation of the spring 
constant “k” takes more time than an inverse matrix calcu 
lation of the mass “m”. Moreover, in the case of the implicit 
method, a simultaneous linear equation is solved so that an 
equilibrium condition is satis?ed and therefore accuracy of 
a stress analysis is higher compared With the explicit 
method, hoWever, more time is required for the analysis 
compared With the explicit method. 

[0007] Each of the implicit and explicit methods has an 
advantage and a disadvantage. As a result, the implicit 
method is used for the static analysis not requiring so much 
time and the explicit method is used, in most cases, for the 
dynamic analysis requiring much time. Under present cir 
cumstances, in an automobile industry having a most 
advanced drop shock (crash) analysis technology being a 
?eld of the present invention, in particular, the stress analy 
sis is performed by using an explicit method-speci?c soft 
Ware typi?ed by PAM-SHOCK and LS-DYNA. FIG. 4 is a 
?oWchart shoWing one example of the analysis processing 
operation in a conventional FEM analysis system. That is, in 
Step A301, Whether or not an analysis to be made is a shock 
analysis is judged and, if it is the shock analysis, the explicit 
method provided in Step A303 is used unconditionally and, 
if it is not the shock analysis, a subsequent process is 
relegated to a judgement of the analyZer in Step A304. 

[0008] In such circumstances, siZes and Weights of elec 
tronic devices are being reduced rapidly in recent years and 
a cellular phone or a like becomes Widespread remarkably in 
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particular, hoWever, a problem occurs in that, When it is 
dropped While carrying it, a connected portion of an LSI 
chip embedded therein is broken. In order to evaluate 
connection reliability of portable electronic devices, an 
actual drop test is required using actual electronic devices, 
hoWever, the experiment entails high costs and time. There 
fore, a demand for reduction in costs required in such 
experiments for a drop shock analysis is increasing. In an 
attempt to respond to this demand, a method using a shock 
analysis technique cultivated through experiences in auto 
mobiles Was tried by some universities, hoWever, values 
calculated in experiments are not in agreement With actual 
phenomena, for example, reaction force (impact force) is 
extraordinarily larger (that is, larger by one to tWo digits) 
than calculated values and it is therefore expected that a neW 
method of an analysis of a drop shock that can be used for 
the analysis of electronic devices is developed. 

[0009] A reason Why behavior (deformation of each part) 
and reaction force (impact force) are Widely different from 
actual phenomena When the explicit method is used for a 
dynamic analysis, in particular, for a drop analysis of 
portable electronic devices is explained beloW. 

[0010] When “AteX” is de?ned to be an analysis time 
interval in the explicit method and “Atim” is de?ned to be an 
analysis time interval in the implicit method, a constraint in 
the implicit method is only a converging calculation of 
displacement obtained from an equilibrium equation in 
every step While the dynamic analysis is performed in the 
explicit method and therefore there is a folloWing constraint 
(Courant condition) related to a minimum mesh size, lon 
gitudinal elastic modulus, and mass density: 

AteX<L/c 
C=(E/P)1/2 

[0011] Where “L” denotes a minimum mesh siZe in an 
analysis model, “c” denotes a propagation speed of an elastic 
Wave, “E” denotes a longitudinal elastic modulus (also being 
called “Young’s modulus”) and “p” denotes mass density. 
Thus, since the explicit method has a property that it 
depends on the analysis time interval AteX and since the 
analysis time interval AteX has a constraint by a minimum 
mesh siZe “L” as shoWn in the expression (3), the analysis 
time interval AteXbecomes too small in the analysis model 
for a small-siZed portable electronic device. Therefore, a 
folloWing expression (5) is given: 

Expression (3) 
Expression (4) 

(i=V/Alex7 F=mot Expression (5) 

[0012] Where “0t” denotes acceleration, “m” denotes a 
mass, “F” denotes reaction force, and “v” denotes a drop 
velocity. As a result, the calculation produces extremely 
large reaction force (impact force) F and different deforma 
tion occurs. 

[0013] As one example, When a body is dropped from a 
height of 1000 mm, due to a laW of conservation of energy, 
a folloWing equation (6) is given: 

v=(2gh)1/2=44OO mm/s 

[0014] Where “g” denotes gravimetric acceleration and 
“h” denotes a dropped height. Since a phenomenon of about 
5x10“4 seconds is a problem in a drop of electronic devices, 
the acceleration “0t” and the reaction force “F” have fol 
loWing values. 

Expression (6) 
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[0015] As a convergence stabilizing condition in the 
explicit method, the analysis time interval At6X has to satisfy 
a following relation: 

AteX<L/c and 

FOE/P) 1/2 

[0016] If a solder ball diameter is 1.0 mm, a Young’s 
modulus E=19600 N/mm2, a density “p”=2><10_9 kg/mm3, 
c=3.2><10 m/s. Here, if the solder ball diameter is divided 
into four portions, L/c=0.25/(3.2><106) seconds=7.8><10_8 
seconds. 

[0017] Therefore, in order to analyZe a drop phenomenon 
at a speed of 5x10‘4 seconds, in the implicit method, by 
reducing the acceleration “0t” to one tenth (that is, a digit is 
reduced by one), its analysis is made possible, While, in the 
case of the explicit method, an analysis time interval has to 
be reduced to one thousands. 

[0018] As described above, if an analysis time interval is 
same, since a number of times of the analysis required to 
reach the value of 5x10“4 seconds becomes same, time 
required for a total analysis becomes more shorter in the 
explicit method in Which time required for one time analysis 
becomes short because of use of an expression of a diagonal 
matrix compared With the implicit method. 

[0019] HoWever, if the analysis time interval required for 
satisfying conditions for stabiliZation in the explicit method 
becomes extraordinarily smaller compared With that in the 
implicit method because a ?ne mesh is contained like in the 
case of a model for portable electronic devices, a number of 
times of the explicit method (analysis time interval in the 
implicit method/analysis time interval in the explicit 
method)><(number of times in the implicit method). As a 
result, due to an increased number of the analysis in the 
explicit method, time required for the total analysis is 
increased more in the explicit method compared With the 
implicit method. 

[0020] Moreover, in the analysis during the very short 
time interval, there are some cases in Which shock force 
increases and deformation state is not in agreement With an 
actual phenomenon. In the above example, in the case of the 
implicit method, a value approaching to a result from a 
calculation on paper can be acquired by using a shock force 
of about 980N, hoWever, in the case of the explicit method, 
about one hundred-folded shock force is necessary. 

SUMMARY OF THE INVENTION 

[0021] In vieW of the above, it is an object of the present 
invention to provide an FEM analysis system Which is 
capable of analyZing With high accuracy and With a short 
time in a drop shock analysis of electronic devices or a like 
in Which an analysis result is very different from actual 
phenomena and in Which a very small mesh siZe is incor 
porated. 
[0022] According to a ?rst aspect of the present invention, 
there is provided an analysis method using a ?nite element 
method for performing a stress analysis on an analysis 
model, including: 

[0023] a ?rst step of judging Whether or not an 
analysis to be made is a shock analysis; 

[0024] a second step of performing an analysis using 
an implicit method When the analysis to be made is 
judged to be a shock analysis in the ?rst step; and 
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[0025] a third step of performing an analysis using an 
analysis method selected by an analyZer When the 
analysis to be made is judged to be not a shock 
analysis in the ?rst step. 

[0026] With the above con?guration, Whether or not an 
analysis to be made is a shock analysis is judged and When 
it is judged to be a shock analysis, an analysis is made using 
the implicit method. Therefore, a shock analysis using the 
explicit method is not performed in Which a decrease in 
accuracy in an analysis and an increase in analysis time 
occur When a mesh siZe is made minute and an FEM analysis 

using the implicit method is made in Which a result from an 
analysis approaching to a real phenomena can be obtained 
Within a short time. 

[0027] In the foregoing, a preferable mode is one Wherein 
a NeWmark [3 method is used as the implicit method. 

[0028] According to a second aspect of the present inven 
tion, there is provided an analysis method using a ?nite 
element method for creating meshes of an analysis model 
and for making a stress analysis of the analysis model, the 
analysis method including: 

[0029] a ?rst step of judging Whether an analysis to 
be made is a shock analysis; 

[0030] a second step of searching for a minimum 
mesh size out of the meshes of the analysis model; 

[0031] a third step of creating a simpli?ed analysis 
model using the minimum mesh siZe; 

[0032] a fourth step of analyZing the simpli?ed analy 
sis model by using an implicit method and an explicit 
method; 

[0033] a ?fth step of selecting either of the implicit 
method or the explicit method as an optimal method, 
based on a result from an analysis in the fourth step; 

[0034] a sixth step of having an analyZer select either 
of the implicit method or the explicit method based 
on a result from the analysis in the forth step; and 

[0035] a seventh step of analyZing the analysis model 
by using an analysis method selected in the ?fth step 
or the sixth step. 

[0036] With the above con?guration, a simpli?ed analysis 
model using a minimum mesh siZe of an analysis model is 
analyZed by the implicit method and explicit method. Based 
on a result from the analysis, either of the implicit method 
or the explicit method is selected as an optimal method and 
an FEM analysis is made by using the selected analysis 
method. Moreover, the analysis method can be selected by 
an analyZer and therefore it is possible to execute the FEM 
analysis in consideration of demands required for an analy 
sis such as a desire for shortening analysis time or a desire 
for placing importance on analysis accuracy. 

[0037] In the foregoing, a preferable mode is one Wherein 
a NeWmark [3 method is used as the implicit method. 
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[0038] Also, a preferable mode is one Wherein, in the ?fth 
step, When a following expression holds, 

[0039] Where the “Tim” denotes analysis time required for 
the implicit method and “Tax” denotes analysis time required 
for the explicit method, the implicit method is selected 
While, When above the expression does not hold, the explicit 
method is selected. 

[0040] Also, a preferable mode is one Wherein, in the ?fth 
step, When a following expression holds, 

[0041] Where the “abs” denotes an absolute value, the 
“Sim” denotes an analysis result containing data on displace 
ment, stress, and distortion obtained from the implicit 
method, the “Sex” denotes an analysis result containing data 
on displacement, stress, and distortion obtained from the 
explicit method, and the “E” denotes a result containing data 
on displacement, stress, and distortion obtained from the 
implicit method including an experiment value and an exact 
solution of a theoretical expression and from a method other 
than the explicit method, the implicit method is selected 
While, When above the expression does not hold, the explicit 
method is selected. 

[0042] Also, a preferable mode is one Wherein, in the sixth 
step, the analyZer is alloWed to select an analysis method 
based on a relation betWeen analysis time required for the 
implicit method “Tim” and analysis time required for the 
explicit method “TSX” and based on a relation among an 
analysis result “Sim” containing displacement, stress, and 
distortion obtained from the implicit method, an analysis 
result “Sex” containing displacement, stress, and distortion 
obtained from the explicit method, and a result “E” con 
taining displacement, stress, and distortion obtained from 
the implicit method including an experiment value and an 
exact solution of a theoretical expression and from a method 
other than the explicit method. 

[0043] According to a third aspect of the present inven 
tion, there is provided a program for having a computer 
make an analysis using a ?nite element method used to 
perform a stress analysis of an analysis model: the program 
including; 

[0044] a ?rst step of judging Whether or not an 
analysis to be made is a shock analysis; 

0045 a second ste of erformin an anal sis usin P P g y g 
an implicit method When the analysis to be made is 
judged to be a shock analysis in the ?rst step; 

[0046] a third step of performing an analysis by using 
an analysis method selected by an analyZer When the 
analysis to be made is judged to be not a shock 
analysis in the ?rst step. 

[0047] In the foregoing, a preferable mode is one Wherein 
a NeWmark [3 method is executed by a computer as the 
implicit method. 

[0048] According to a fourth aspect of the present inven 
tion, there is provided a program for having a computer 
execute an analysis using a ?nite element method Which 
creates meshes of an analysis model and performs a stress 
analysis of the analysis model, the program including: 
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[0049] a ?rst process of judging Whether or not an 
analysis to be performed is a shock analysis; 

[0050] a second process of searching for a minimum 
mesh siZe out of the meshes of the analysis model; 

[0051] a third process of creating a simpli?ed analy 
sis model using the minimum mesh siZe; 

[0052] a fourth process of analyZing the simpli?ed 
analysis model by using an implicit method and an 
explicit method; 

[0053] a ?fth process of selecting either of the 
implicit method or the explicit method as an optimal 
method, based on a result from the analysis in the 
fourth process; 

[0054] a sixth process of having an analyZer select 
either of the implicit method or the explicit method 
based on a result from the analysis in the fourth 
process; and 

[0055] a seventh process of analyZing the analysis 
model by using an analysis method selected in the 
?fth process or the sixth process. 

[0056] In the foregoing, a preferable mode is one Wherein 
a NeWmark [3 method is executed by a computer as the 
implicit method. 

[0057] Also, a preferable mode is one Wherein, in the ?fth 
process, When a folloWing expression holds, 

[0058] Where the “Tim” denotes analysis time required for 
the implicit method and the “TeX” denotes analysis time 
required for the explicit method, the implicit method is 
selected While, When above the expression does not hold, the 
explicit method is selected. 

[0059] Also, a preferable mode is one Wherein, in the ?fth 
process, When a folloWing expression holds, 

[0060] Where the “abs” denotes an absolute value, the 
“Sim” denotes an analysis result containing data on displace 
ment, stress, and distortion obtained from the implicit 
method, the SeX denotes an analysis result containing data on 
displacement, stress, and distortion obtained from the 
explicit method, and the “E” denotes a result containing data 
on displacement, stress, and distortion obtained from the 
implicit method including an experiment value and an exact 
solution of a theoretical expression and from a method other 
than the explicit method, the implicit method is selected 
While, When above the expression does not hold, the explicit 
method is selected. 

[0061] Also, a preferable mode is one Wherein, in the sixth 
process, the analyZer is alloWed to select an analysis method 
based on a relation betWeen the analysis time required for 
the implicit method “Tim” and the analysis time required for 
the explicit method “TeX” and based on a relation among an 
analysis result “Sim” containing displacement, stress, and 
distortion obtained from the implicit method, an analysis 
result “Sex” containing displacement, stress, and distortion 
obtained from the explicit method, and a result “E” con 
taining displacement, stress, and distortion obtained from 
the implicit method including an experiment value and an 
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exact solution of a theoretical expression and from a method 
other than the explicit method. 

[0062] According to a ?fth aspect of the present invention, 
there is provided a ?nite element method analysis system 
having a unit for creating meshes of an analysis model and 
having a unit for making an analysis using a ?nite element 
method used to perform a stress analysis on the analysis 
model using the ?nite element method, the ?nite element 
method analysis system including: 

[0063] a ?rst unit to judge Whether or not an analysis 
to be made is a shock analysis; 

[0064] Wherein, When the analysis to be performed 
by the unit for making the analysis using the ?nite 
element method is judged by the ?rst unit to be a 
shock analysis, an analysis is made by using an 
implicit method and Wherein, When the analysis to be 
performed by the unit making the analysis using the 
?nite element method is judged by the ?rst unit to be 
not a shock analysis, the analysis is made by using an 
analysis method selected by an analyZer. 

[0065] In the foregoing, a preferable mode is one Wherein 
the unit making the analysis using the ?nite element method 
performs a NeWmark [3 method as the implicit method. 

[0066] According to a sixth aspect of the present inven 
tion, there is provided a ?nite element method analysis 
system having a unit for creating meshes of an analysis 
model and having a unit for making an analysis using a ?nite 
element method used to perform a stress analysis on the 
analysis model using the ?nite element method, the ?nite 
element method analysis system including: 

[0067] a ?rst section to judge Whether or not an 
analysis to be performed is a shock analysis; 

[0068] a second section to search for a minimum 
mesh siZe out of the meshes of the analysis model; 

[0069] a third section to create a simpli?ed analysis 
model using the minimum mesh siZe; 

[0070] a fourth section to select either of the implicit 
method or the explicit method as an optimal method, 
based on a result from a simpli?ed analysis in Which 
the simpli?ed analysis model is analyZed by a unit 
for making an analysis using a ?nite element method 
by using an implicit method and an explicit method; 

[0071] a ?fth section to have an analyZer select either 
of the implicit method or the explicit method as an 
analysis method based on a result from the simpli?ed 
analysis; and 

[0072] Wherein the unit for making an analysis using 
a ?nite element method analyZes the analysis model 
by using the fourth section or the ?fth section. 

[0073] In the foregoing, a preferable mode is one Wherein 
the unit making the analysis using the ?nite element method 
performs a NeWmark [3 method as the implicit method. 

[0074] Also, a preferable mode is one Wherein, the fourth 
section, When a folloWing expression holds, 

[0075] Where the “Tim” denotes analysis time required for 
the implicit method and the “TeX” denotes analysis time 
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required for the explicit method, selects the implicit method 
While, When above the expression does not hold, selects the 
explicit method. 
[0076] Also, a preferable mode is one Wherein, the fourth 
section, When a folloWing expression holds, 

abs(E—Sim)<abs(E—Sex) 
[0077] Where the “abs” denotes an absolute value, the 
“Sim” denotes an analysis result containing data on displace 
ment, stress, and distortion obtained from the implicit 
method, the SeX denotes an analysis result containing data on 
displacement, stress, and distortion obtained from the 
explicit method, and the “E” denotes a result containing data 
on displacement, stress, and distortion obtained from the 
implicit method including an experiment value and an exact 
solution of a theoretical expression and from a method other 
than the explicit method, selects the implicit method While, 
When above the expression does not hold, selects the explicit 
method. 

[0078] Also, a preferable mode is one Wherein the ?fth 
section has the analyZer select an analysis method based on 
a relation betWeen analysis time required for the implicit 
method “Tim” and analysis time required for the explicit 
method “TeX” and based on a relation among an analysis 
result “Sim” containing displacement, stress, and distortion 
obtained from the implicit method, an analysis result “Sex” 
containing displacement, stress, and distortion obtained 
from the explicit method, and a result “E” containing 
displacement, stress, and distortion obtained from the 
implicit method including an experiment value and an exact 
solution of a theoretical expression and from a method other 
than the explicit method. 

[0079] With the above con?guration, Whether an analysis 
is made by the explicit method or Whether the analysis is 
made by the implicit method can be selected according to an 
analysis model. Since an analysis can be performed on an 
analysis model using an optimal method, an analysis result 
can be obtained With high accuracy and Within a short time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0080] The above and other objects, advantages, and fea 
tures of the present invention Will be more apparent from the 
folloWing description taken in conjunction With the accom 
panying draWings in Which; 
[0081] FIG. 1 is a schematic diagram shoWing an FEM 
analysis system according to a ?rst embodiment of the 
present invention; 
[0082] FIG. 2 is a ?oWchart shoWing a processing opera 
tion to be performed by an optimal solution selecting and 
analyZing section in the FEM analysis system of the ?rst 
embodiment of the present invention; 
[0083] FIG. 3 is a ?oWchart shoWing a processing opera 
tion to be performed by an optimal solution selecting and 
analyZing section in an FEM analysis system of the second 
embodiment of the present invention; and 
[0084] FIG. 4 is a ?oWchart shoWing one example of a 
processing operation in a conventional FEM analysis sys 
tem. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0085] Best modes of carrying out the present invention 
Will be described in further detail using various embodi 
ments With reference to the accompanying draWings. 
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First Embodiment 

[0086] FIG. 1 is a schematic block diagram showing an 
FEM analysis system according to an embodiment of the 
present invention. As shoWn in FIG. 1, the FEM analysis 
system of the embodiment includes an analysis model 
creating section 100, an analysis model data registering 
section 101 to store analysis model data to a ?le, an optimal 
solution selecting and analyZing section 102, and an analysis 
data registering section 103 to store analysis data to a ?le. 

[0087] Rough operations of each of the above sections are 
as folloWs. 

[0088] The analysis model creating section 100, after 
having performed a meshing process (that is, after having 
discretiZed a shape using an element) based on CAD (Com 
puter-Aided Design) data or after having created shape data 
from a preprocessor to be exclusively used for an analysis 
and having performed a meshing process, adds a boundary 
condition required for the analysis to a model. 

[0089] The analysis model data registering section 101 
registers analysis model data created by the analysis model 
creating section 100 on a speci?ed ?le in a storage medium 
104. 

[0090] The optimal solution selecting and analyZing sec 
tion 102 judges Which method can perform an analysis, With 
high accuracy and Within a short time, on analysis model 
data registered by the analysis model data registering section 
101, the implicit method or the explicit method, and ana 
lyZes the data by the selected method. 

[0091] Finally, the analysis data registering section 103 
registers data analyZed by the optimal solution selecting and 
analyZing section 102 on a speci?ed ?le in the storage 
medium 104. 

[0092] Next, operations of the entire FEM analysis system 
are described in detail by referring to the block diagram in 
FIG. 1 and to the ?oWchart in FIG. 2. 

[0093] As shoWn in the schematic block diagram in FIG. 
1, in the analysis model creating section 100 of the ?rst 
embodiment, after a meshing process has been performed 
based on CAD data or after shape data has been formed from 
a preprocessor being exclusively used for analysis and then 
the meshing process has been performed, boundary condi 
tions required for analysis are added to a model. 

[0094] Next, in the analysis model data registering section 
101, an analysis model data created by the analysis model 
creating section 100 is registered on a speci?ed ?le in the 
storage medium 104. 

[0095] Moreover, in the optimal solution selecting and 
analyZing section 102, Which method can perform an analy 
sis, With high accuracy and Within a short time, on analysis 
model data registered by the analysis model data registering 
section 101 on a speci?ed ?le in the storage medium 104 is 
judged, the implicit method or the explicit method, and the 
data is analyZed using the selected method. 

[0096] Finally, in the analysis data registering section 103, 
data analyZed by the optimal solution selecting and analyZ 
ing section 102 is stored in a speci?ed ?le in the storage 
medium 104. 
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[0097] Especially, a method for selecting an optimal solu 
tion and for analyZing by the optimal solution selecting and 
analyZing section 102 serving as a characteristic portion of 
the present invention is described by referring to the ?oW 
chart in FIG. 2. 

[0098] First, in a step (A1 in FIG. 2) in Which checking is 
made on Whether or not an analysis to be made is a shock 
analysis, a judgement is made as to Whether processing to be 
performed by the optimal solution selecting and analyZing 
section 102 is a shock analysis or not and, if the above 
processing is a shock analysis, an analysis using the implicit 
method is executed in a step (A2 in FIG. 2) in Which the 
implicit method is to be performed. If the processing is other 
than the shock analysis, processing is relegated to a judge 
ment of an analyZer in a next step (A4 in FIG. 2). 

[0099] Moreover, in the optimal solution selecting and 
analyZing section 102, a NeWmark [3 method is preferably 
used as the implicit method. The implicit method can be 
roughly classi?ed into tWo types, one being the NeWmark [3 
method and another being a Houbalt method. Research by 
the inventor shoWs that, When the NeWmark [3 method is 
used, a value approaching to a result from a calculation on 
paper is obtained, hoWever, When the Houbalt method (cubic 
function interpolation) is used, the value becomes near to a 
result from an analysis performed using the explicit method. 
Therefore, though all the methods being called the implicit 
method are not alWays suitable to a drop analysis of elec 
tronic devices, a method that can be used for the drop 
analysis is not limited to the NeWmark [3 method applied to 
the embodiment of the present invention. 

[0100] As explained above, in the embodiment, When a 
shock analysis is performed on electronic device models or 
a like having a portion With a very small mesh siZe, an 
analysis using the implicit method is selected. Therefore, by 
using the FEM analysis system of the embodiment of the 
present invention, unlike in the case of using the FEM 
analysis system using the explicit method in Which a 
decrease in analysis accuracy and an increase in analysis 
time occur When a mesh siZe becomes minute, a highly 
accurate analysis result approaching to a real phenomenon 
can be obtained Within a short time. 

Second Embodiment 

[0101] Processing in an FEM analysis system of a second 
embodiment is same as that of the ?rst embodiment except 
processing to be performed in an optimal solution selecting 
and analyZing section 102 and their descriptions are omitted 
accordingly. In the second embodiment, same reference 
numbers are assigned to corresponding to con?gurations and 
processing of the FEM analysis system as in the ?rst 
embodiment. 

[0102] FIG. 3 is a ?oWchart shoWing processing opera 
tions to be performed by the optimal solution selecting and 
analyZing section 102 in the FEM analysis of the second 
embodiment of the present invention. 

[0103] As shoWn in the ?oWchart in FIG. 3, the optimal 
solution selecting and analyZing section 102 performs pro 
cessing in Step A1 in Which checking is made on Whether or 
not an analysis to be made is a shock analysis, processing in 
Step A5 in Which a minimum mesh siZe is searched for, 
processing in Step A6 in Which a simpli?ed analysis model 
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is created using a minimum mesh size, processing in Step A7 
in Which a preliminary analysis is performed by an implicit 
method and by an explicit method, processing in Step A8 in 
Which an analysis method is selected based on an analysis 
result, processing in Step A2 in Which an analysis is per 
formed using an implicit method, processing in Step A3 in 
Which an analysis is performed using an explicit method, 
and processing in Step A4 in Which a process is relegated to 
a judgement of an analyZer. 

[0104] Next, operations of an entire FEM analysis system 
Will be described by referring to the ?oWchart in FIG. 3. 

[0105] First, in the step (A1 in FIG. 3) in Which checking 
is made as to Whether an analysis to be made is a shock 
analysis, the analysis to be made is judged to be a shock 
analysis, the processing proceeds to a step (A5 in FIG. 3) in 
Which a minimum mesh siZe is searched for and if the 
analysis to be made is judged to be an analysis other than the 
shock analysis, the routine proceeds to a next step (A4 in 
FIG. 3) in Which a process is relegated to a judgement of an 
analyZer and the routine is terminated. 

[0106] If an analysis to be made is judged to be a shock 
analysis and the routine proceeds to a step (A5 in FIG. 3) in 
Which a minimum mesh siZe is searched for, in a step (A6 
in FIG. 3) in Which a simpli?ed analysis model is created by 
using a minimum mesh siZe, mesh cutting processing is 
performed by using a minimum mesh siZe obtained by an 
automatic mesh function is step A5 on CAD data having a 
simpli?ed shape that has been already registered and an 
FEM analysis model is produced. Moreover, in a step (A7 in 
FIG. 3) in Which an analysis is performed by using the 
implicit method and the explicit method, a preliminary 
analysis is performed using a simpli?ed model based on the 
both the methods. 

[0107] Next, an analysis method is determined in a step 
(A8 in FIG. 3) in Which an optimal analysis method is to be 
selected based on a result from a preliminary analysis. If a 
folloWing expression holds in the preliminary analysis, 

Tim<Tex Expression (1) 

[0108] Where “Tim” denotes analysis time required for the 
implicit method and “TeX” denotes analysis time required for 
the explicit method, that is, if, in the preliminary analysis, 
the analysis time required for the implicit method is shorter 
than that required for the explicit method, the routine 
proceeds to a step (A2 in FIG. 3) in Which the analysis using 
the implicit method is performed in order to perform the 
analysis by the implicit method. On the other hand, if a 
relation betWeen the analysis time “Tim” and the analysis 
time “TeX” does not satisfy the above expression (1), that is, 
if the analysis time required for the explicit method is shorter 
than that required for the implicit method, the routine 
proceeds to a step (A3 in FIG. 3) in Which an analysis by the 
explicit method is performed in order to perform the analysis 
by the explicit method. 

[0109] Thus, by using the expression (1) as a reference for 
selection of the analysis method, a method that can perform 
an analysis Within a short time can be selected. 

[0110] Moreover, selection of the analysis method in a 
step (A8 in FIG. 3) in Which an optimal analysis method is 
selected may be made in a Way other than that using the 
above expression 
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[0111] That is, if a folloWing expression (2) holds, an 
analysis is made by using a model causing the analysis to be 
performed in the step (A2 in FIG. 3) in Which the implicit 
method is used; otherWise, the analysis is made by using a 
model causing the analysis to be performed in the step (A3 
in FIG. 3) in Which the explicit method is used: 

[0112] Where the “abs” denotes an absolute value, “Sim” 
denotes an analysis result including data on displacement, 
stress, distortion, or a like obtained by the implicit method 
in the preliminary analysis in Step A7, “Sex” denotes an 
analysis result including data on displacement, stress, dis 
tortion, or a like obtained by the explicit method, and “E” 
denotes a result obtained by an experiment including data on 
displacement, stress, distortion, or a like or an exact solution 
obtained from a theoretical expression. 

Expression (2) 

[0113] Thus, by using an analysis method given by the 
expression (2) as a reference for selection, a simpli?ed 
model based on a minimum mesh siZe of a model to be 
analyZed can be created, a preliminary analysis can be made 
by actually using both methods, an analysis method having 
less errors can be selected by making a comparison betWeen 
an analysis result obtained by the preliminary analysis and 
a result obtained from an experiment or an exact solution, 
Which enable highly accurate acquirement of analysis 
results. 

[0114] The method that can satisfy the expressions.(1) and 
the method that can satisfy the expression (2) are not alWays 
same and, in the case of the analysis handling enormous 
numbers of meshes, even if some discrepancies occur 
betWeen results obtained by using the above methods and 
results obtained by experiments, it is possible to select a 
method Which requires less time. 

[0115] To respond to such cases, an analyZer may select an 
analysis method by adding the step A4 in Which a judgement 
is made by the analyZer after the step (A8 in FIG. 3) in 
Which an analysis method is determined based on the 
analysis result and by making a comparison betWeen the 
expression (1) alloWing selection of the method in Which a 
result can be obtained Within a short time and the expression 
(2) alloWing selection of the method providing a highly 
accurate analysis. In this case, the analyZer can select a 
method that the analyZer desires from a vieWpoint of analy 
sis time and analysis accuracy. 

[0116] As described above, in the ?rst embodiment as 
shoWn by the ?oWchart in FIG. 2, if, an analysis to be 
performed, in step A1 in Which checking is made as to 
Whether or not the analysis to be made is a shock analysis, 
is judged to be a shock analysis, an analysis using the 
implicit method is made in Step A2. While, in the second 
embodiment as shoWn by the ?oWchart in FIG. 3, by 
performing procedures shoWn in Steps A5 to A8, a simpli 
?ed model based on a minimum mesh siZe of a model to be 
analyZed is created and an preliminary analysis is made by 
the implicit method or the explicit method in a separate 
manner. 

[0117] Thus, according to the FEM analysis system of the 
second embodiment, like in the case of the ?rst embodiment, 
When a shock analysis to be performed on electronic device 
models or a like having portions being very small in a mesh 
siZe is made, an analysis result approaching to actual phe 
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nomena can be obtained With high accuracy Within a short 
time. Moreover, in the FEM analysis system of the second 
embodiment, after a simpli?ed model has been created 
based on a minimum mesh siZe of a model to be analyZed, 
a preliminary analysis using both the methods and therefore 
an optimal method to be applied to an individual model can 
be selected With high accuracy. 

[0118] It is apparent that the present invention is not 
limited to the above embodiments but may be changed and 
modi?ed Without departing from the scope and spirit of the 
invention. 

What is claimed is: 
1. An analysis method using a ?nite element method for 

performing a stress analysis on an analysis model, compris 
ing: 

a ?rst step of judging Whether or not an analysis to be 
made is a shock analysis; 

a second step of performing an analysis using an implicit 
method When said analysis to be made is judged to be 
a shock analysis in said ?rst step; and 

a third step of performing an analysis using an analysis 
method selected by an analyZer When said analysis to 
be made is judged to be not a shock analysis in said ?rst 
step. 

2. The analysis method using the ?nite element method 
according to claim 1, Wherein a NeWmark [3 method is used 
as said implicit method. 

3. An analysis method using a ?nite element method for 
creating meshes of an analysis model and for making a stress 
analysis of said analysis model, said analysis method com 
prising: 

a ?rst step of judging Whether an analysis to be made is 
a shock analysis; 

a second step of searching for a minimum mesh siZe out 
of said meshes of said analysis model; 

a third step of creating a simpli?ed analysis model using 
said minimum mesh siZe; 

a fourth step of analyZing said simpli?ed analysis model 
by using an implicit method and an explicit method; 

a ?fth step of selecting either of said implicit method or 
said explicit method as an optimal method, based on a 
result from an analysis in said fourth step; 

a sixth step of having an analyZer select either of said 
implicit method or said explicit method based on a 
result from said analysis in said fourth step; and 

a seventh step of analyZing said analysis model by using 
an analysis method selected in said ?fth step or said 
sixth step. 

4. The analysis method using the ?nite element method 
according to claim 3, Wherein a NeWmark [3 method is used 
as said implicit method. 

5. The analysis method using the ?nite element method 
according to claim 3, Wherein, in said ?fth step, When a 
folloWing expression holds, 

Where said “Tim” denotes analysis time required for said 
implicit method and said “TeX” denotes analysis time 
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required for said explicit method, said implicit method 
is selected While, When above said expression does not 
hold, said explicit method is selected. 

6. The analysis method using the ?nite element method 
according to claim 3, Wherein, in said ?fth step, When a 
folloWing expression holds, 

Where said “abs” denotes an absolute value, said “Sim” 
denotes an analysis result containing data on displace 
ment, stress, and distortion obtained from said implicit 
method, said “Sex” denotes an analysis result contain 
ing data on displacement, stress, and distortion 
obtained from said explicit method, and said “E” 
denotes a result containing data on displacement, stress, 
and distortion obtained from said implicit method 
including an experiment value and an exact solution of 
a theoretical expression and from a method other than 
said explicit method, said implicit method is selected 
While, When above said expression does not hold, said 
explicit method is selected. 

7. The analysis method using the ?nite element method 
according to claim 3, Wherein, in said sixth step, said 
analyZer is alloWed to select an analysis method based on a 
relation betWeen analysis time required for said implicit 
method said “Tim” and analysis time required for said 
explicit method said “TeX” and based on a relation among an 
analysis result said “Sim” containing displacement, stress, 
and distortion obtained from said implicit method, an analy 
sis result said “SeX” containing displacement, stress, and 
distortion obtained from said explicit method, and a result 
said “E” containing displacement, stress, and distortion 
obtained from said implicit method including an experiment 
value and an exact solution of a theoretical expression and 
from a method other than said explicit method. 

8. A program for having a computer make an analysis 
using a ?nite element method used to perform a stress 
analysis of an analysis model: said program comprising: 

a ?rst step of judging Whether or not an analysis to be 
made is a shock analysis; 

a second step of performing an analysis using an implicit 
method When said analysis to be made is judged to be 
a shock analysis in said ?rst step; 

a third step of performing an analysis by using an analysis 
method selected by an analyZer When said analysis to 
be made is judged to be not a shock analysis in said ?rst 
step. 

9. The program according to claim 8, Wherein a NeWmark 
[3 method is executed by a computer as said implicit method. 

10. Aprogram for having a computer execute an analysis 
using a ?nite element method Which creates meshes of an 
analysis model and performs a stress analysis of said analy 
sis model, said program comprising: 

a ?rst process of judging Whether or not an analysis to be 
performed is a shock analysis; 

a second process of searching for a minimum mesh siZe 
out of said meshes of said analysis model; 

a third process of creating a simpli?ed analysis model 
using said minimum mesh siZe; 

a fourth process of analyZing said simpli?ed analysis 
model by using an implicit method and an explicit 
method; 
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a ?fth process of selecting either of said implicit method 
or said explicit method as an optimal method, based on 
a result from said analysis in said fourth process; 

a sixth process of having an analyZer select either of said 
implicit method or said explicit method based on a 
result from said analysis in said fourth process; and 

a seventh process of analyzing said analysis model by 
using an analysis method selected in said ?fth process 
or said sixth process. 

11. The program according to claim 10, Wherein a NeW 
mark [3 method is executed by a computer as said implicit 
method. 

12. The program according to claim 10, Wherein, in said 
?fth process, When a folloWing expression holds, 

Where said “Tim” denotes analysis time required for said 
implicit method and said “TeX” denotes analysis time 
required for said explicit method, said implicit method 
is selected While, When above said expression does not 
hold, said explicit method is selected. 

13. The program according to claim 10, Wherein, in said 
?fth process, When a folloWing expression holds, 

Where said “abs” denotes an absolute value, said “Sim” 
denotes an analysis result containing data on displace 
ment, stress, and distortion obtained from said implicit 
method, SeX said denotes an analysis result containing 
data on displacement, stress, and distortion obtained 
from said explicit method, and said “E” denotes a result 
containing data on displacement, stress, and distortion 
obtained from said implicit method including an 
experiment value and an exact solution of a theoretical 
expression and from a method other than said explicit 
method, said implicit method is selected While, When 
above said expression does not hold, said explicit 
method is selected. 

14. The program according to claim 10, Wherein, in said 
sixth process, said analyZer is alloWed to select an analysis 
method based on a relation betWeen said analysis time 
required for said implicit method said “Tim” and said analy 
sis time required for said explicit method said “TeX” and 
based on a relation among an analysis result said “Sim” 
containing displacement, stress, and distortion obtained 
from said implicit method, an analysis result said “Sex” 
containing displacement, stress, and distortion obtained 
from said explicit method, and a result said “E” containing 
displacement, stress, and distortion obtained from said 
implicit method including an experiment value and an exact 
solution of a theoretical expression and from a method other 
than said explicit method. 

15. A?nite element method analysis system having a unit 
for creating meshes of an analysis model and having a unit 
for making an analysis using a ?nite element method used to 
perform a stress analysis on said analysis model using said 
?nite element method, said ?nite element method analysis 
system comprising: 

a ?rst unit to judge Whether or not an analysis to be made 
is a shock analysis; 

Wherein, When said analysis to be performed by said unit 
for making said analysis using said ?nite element 
method is judged by said ?rst unit to be a shock 
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analysis, an analysis is made by using an implicit 
method and Wherein, When said analysis to be per 
formed by said unit making said analysis using said 
?nite element method is judged by said ?rst unit to be 
not a shock analysis, said analysis is made by using an 
analysis method selected by an analyZer. 

16. The ?nite element method analysis system according 
to claim 15, Wherein said unit making said analysis using 
said ?nite element method performs a NeWmark [3 method 
as said implicit method. 

17. A?nite element method analysis system having a unit 
for creating meshes of an analysis model and having a unit 
for making an analysis using a ?nite element method used to 
perform a stress analysis on said analysis model using said 
?nite element method, said ?nite element method analysis 
system comprising: 

a ?rst section to judge Whether or not an analysis to be 
performed is a shock analysis; 

a second section to search for a minimum mesh siZe out 
of said meshes of said analysis model; 

a third section to create a simpli?ed analysis model using 
said minimum mesh siZe; 

a fourth section to select either of said implicit method or 
said explicit method as an optimal method, based on a 
result from a simpli?ed analysis in Which said simpli 
?ed analysis model is analyZed by a unit for making an 
analysis using a ?nite element method by using an 
implicit method and an explicit method; 

a ?fth section to have an analyZer select either of said 
implicit method or said explicit method as an analysis 
method based on a result from said simpli?ed analysis; 
and 

Wherein said unit for making an analysis using a ?nite 
element method analyZes said analysis model by using 
said fourth section or said ?fth section. 

18. The ?nite element method analysis system according 
to claim 17, Wherein said unit making said analysis using 
said ?nite element method performs a NeWmark [3 method 
as said implicit method. 

19. The ?nite element method analysis system according 
to claim 17, Wherein, said fourth section, When a folloWing 
expression holds, 

Where said “Tim” denotes analysis time required for said 
implicit method and said “TeX” denotes analysis time 
required for said explicit method, selects said implicit 
method While, When above said expression does not 
hold, selects said explicit method. 

20. The ?nite element method analysis system according 
to claim 17, Wherein, said fourth section, When a folloWing 
expression holds, 

Where said “abs” denotes an absolute value, said “Sim” 
denotes an analysis result containing data on displace 
ment, stress, and distortion obtained from said implicit 
method, said SeX denotes an analysis result containing 
data on displacement, stress, and distortion obtained 
from said explicit method, and said “E” denotes a result 
containing data on displacement, stress, and distortion 
obtained from said implicit method including an 
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experiment value and an exact solution of a theoretical 
expression and from a method other than said explicit 
method, selects said implicit method While, When 
above said expression does not hold, selects said 
explicit method. 

21. The ?nite element method analysis system according 
to claim 17, Wherein said ?fth section has said analyZer 
select an analysis method based on a relation betWeen 
analysis time required for said implicit method said “Tim” 
and analysis time required for said explicit method said 
“TeX” and based on a relation among an analysis result said 
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“Sim” containing displacement, stress, and distortion 
obtained from said implicit method, an analysis result said 
“Sex” containing displacement, stress, and distortion 
obtained from said explicit method, and a result said “E” 
containing displacement, stress, and distortion obtained 
from said implicit method including an experiment value 
and an exact solution of a theoretical expression and from a 

method other than said explicit method. 


