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ABSTRACT

Mechanical optimization design is a new design wetin the development foundation of the modern ar@chl

design theory, the traditional design repeats tmalgsis of product performance passively and ddedesign

product parameters actively, which often cost tacimmoney and manpower, and the application ofhwipéttion

design in mechanical design can make the schemev&cBome optimization results in the design remments
specified, without consuming too much computatiaffdrt. Through the concrete examples, introdubessteps
and method of setting up mathematical model ofntleehanical optimization design. A brief overviewsofme
optimization algorithm, such as genetic algorithantificial neural network, simulated annealing atgbm, Ant

algorithm, tab search algorithm, particle swarm atghm and hybrid algorithm combined some of thdihe

corresponding mathematical models of algorithm astablished, according to the actual mechanicaligtes
problems, and used to solve the established matieahenodel by computer, so as to obtains the cgitidesign

scheme.
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INTRODUCTION

With the development of production, economy antinietogy, optimization idea gradually was infiltrdti all human
activities. When people are in rational behavioa ijob; always want more efficiency as far as fssiry to find the
best way to finish it, this is the optimization imed. In other words, the purpose of optimizatiotoiéind the optimal
method (the shortest time, the least human resguncaterial and equipment) to complete our workielrent years,
optimization technology is becoming more and maneutar, and developed very well in many engineefiglds, such
as engineering design, resource allocation, pramuptanning and scheduling, urban planning andesdEngineer and
management faces many optimization problems intipeacsuch as: how to select the parameters tomgtmeet the
requirements but also reduce the cost in engirgedisign; how to meet the basic requirements afspiects and obtain
good economic benefit in resource allocation; howaise GDP and profit in the production plan; Hovwarrange the
school, shops, factories, hospitals, residentidlaher single bit reasonable layout in the citigstauction planning to be
more convenient for people, more conducive to ttyefrom all walks of life. These problems are optiation problems,
which are to achieve the most reasonable and aatiioin solutioft!'?:

Optimization design is a new discipline developethie early 1960s. it is the application of optiatian technique and
computer technique in design. The development tifmap design makes it possible to find the bestiltegreatly
improves the design efficiency and quality. Britstientists Newton created calculus era, put faivhe extremum
problems, appeared the Lagrange multiplier metsoeaaly as in the 17th century. The French matheiamatChancy
studied the problem of what direction along theestsdecline of function in 1987. During the Secdldrld War,
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operations research provided the optimization nuthio solve the problem that classical calculusatetind variation
method cannot. Mathematical programming theory kaykeoretical foundation for the design optim@atin 1950s.
Computer and computing technologies provide poweshis for optimization design in 1968s

In recent years, some algorithms developed veliglyapnd get good application effect, such us: tjersgorithm, Ant
algorithm, simulated annealing and artificial néunatwork as the representative of the intelligeptimization
algorithmé".

Application of hybrid method of several algorithmsed in scheme optimization and the parameter @atiion of
mechanical optimization design, it has importargotietical significance and application value ofviem) some
mechanical optimization design has been more diffissué’.

EXPERIMENTAL SECTION

The model and implementation of ant algorithm

Ant algorithm initially originated from the thougbf the network path the one-dimensional case, which leads to
the solution of n-dimensional space function.

A typical constrained function optimization probleasn be written as follows

maxZ = f (x)
‘ 0,(X)<0,i-12---m
X O[ab]

It does not consider the constraints are met oriméhe search process, using the conventionallfyefumction
method to meet it, converting all constraint equaiinto the objective function, and directly ewaing objective
function.

For each Anti, defining the evaluation function values for therresponding target function valdg , and
noteAZ; =Z, —Z; LG,
The transition probability:

_ [Tj]a[AZij ¥
DY LA MY
k
Here: B, ——the transition probability of ants froimto
T ——pheromone quantity of ant in the field ¢f (radiusr )

T, ——pheromone quantity of ant in the field kf (radiusr )

a ——the relative importance of trajectorg@(= 0)
[B——the relative importance of visibility8 = 0)

Track renewal equation for intensity:
Tinew = priold + zArik
k
Different algorithms have different valuAJ, , the most basic is Ant-Cycle model, and the vidue

. Q/Z,,in theoptimalpath Z, isobjectivefunction \alue
0,others

Ant-Density Model:
ko Q, intheoptimalpath

' |0,others

Ant-Quantity Model:
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" _{Q/Li,intheoptimalpath L, ncremenof f (x)in theloop

0,others
Here:TiOId ——pheromone quantity in the field &f before track strength updating
Ti”ew—pheromone quantity in the field éf after track strength updating

T, ——pheromone quantity of ant(radiusr )

ATik ——unit length information pheromone quantity of &nh the field of i

0 ——persistent trajectory@ < o <1)

Q——constant track number reflected the ants leave

Sepl Nnc « 0(ncis the number of iterations or search times)

I, and A7, initialization

Sep2 initialize each ant starting point into tkerent solution concentration, do the neighborisogehrch for each
ant with probability P,

Sep3 calculate objective functiofy, of each ant, and record the best solution

Sep 4 modify trajectory strength according toupdate equations

Sep5 eachaht A7, — 0: nc ~ nc+l

Sep 6 ifNC < number of iterations scheduled and no degradagédravior (i.e., find all the same solution), then

go to step 2.

Sep 7 output the best solution to the current

If the number of ants is large enough, the seaadius is small enough, this optimization methoddsivalent to a
group of ants do exhaustive search in the intesfdlefinition, gradually converge to the global ioml solution of
the problem.

The time complexity of the algorithm @(nc,nz,m), if M= n, then the ant algorithm's time complexity is

O(nc, n3) . The complexity in computation time is acceptahlthe algorithm.

Example 1: Optimal design of compression cantilever beam
There is a pin of circular cross section, a fixedtbe frame, the other end concentrated lead 5O0KN and
torqueM = 400NmM. The simplified model was shown in Fig 1. The lkéngf the shafl =10cm, wall shear

stres§7] = 80MPa, modulus of elasticitE = 2.1x10°MPa, the material density = 7800kg/ m®. Now,
we need to design the pin shaft, of which the gquéadilightest.

o

Fig 1 the diagram of cantilever beam under compression
(1) determine the design variables
This pin can be considered as a cantilever beaoguse of the design is to make the pin in lightestlity, and
there is a circular shaft, the quality of the clacushaft is determined by diameter and length, #red design
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variables are:

X =[d,1]=[x,%]

(2)establish objective formula
Formula of calculate the quality:

f(x) = %mzpl = 0006121 % = 0.00613X,

(3)establish constraints

H <o

3 S
The bending stress of cantilever beam maximumtgxceed the allowable vaIuQ,-ld

4167 _, _ 4167,

= o T1=0

g.(x) =
FI® _ 64FI3

- 4
The allowable stress of cantilever beam shall tsemoeed the allowable vaIu@,E\] 3Erd

<[y]

162° _, _ 162¢

= 10

9,(x) =
Then
M

<[7]

The maximum bending stress of cantilever beamtgxrceed the allowable vaIuQ,-st -
25 25
gS(X) = F _1:—3 -1<0
Then %

The length of shaft requirementsI@ 10cm, boundary condition i 210

To sum up, the optimization design mathematical ehoflcantilever beam shows as follow:
f (x) = 0.00613x,
4167x
gl(X) = —32 -1<0
X

162x3
0,(x) =—*%-1<0
X

25
95(X) =—-1=< 0

1

10-x, <0

Using the ant algorithm of planar four bar mechanito reproduce the trajectory mathematical model fo
optimization design, using the MATLAB software tod the solution:

f(X) =3.4340
X =[7.484610]

Example 2: Trajectory optimization design of planar four bar mechanism
A given trajectory curvey = f (X) is shown in figure 2 in coordinate systx@y .

The 10 main coordinates of track are shown in tdbléhe minimum transmission angle Ji,;, = 30°, and to
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design a planar four bar mechanism, the connegiiigt M connecting rod curvey,, = f(X,\,I ), to fit the best
approximation of curveyy = f (X).

Fig 2 thetrajectories of four-bar mechanism

Tab1 the Coordinate of 10 main points on the path curve

1 2 3 4 5 6
Xi | 950 | 9.000 7.9 5.6% 436 3.7
yi | 826| 8.87] 951 994 970 9.4

7 8 9 10
326 479 658 9.12
8.6 8/11 800 17.89

[S] N

(1)Determinate design variables

This so-called reproducing the known trajectorg thirve of connecting rod was approximation tovegicurve as
far as possible. If 10 coordinates of given curve known in stipulated range, the function M point on the
curves of the four bar linkage were shown below:

Xy = X, +1,COS@, +8) +1;c00 + 5+ ¢,)

Yu =Ya t1iSin@, + @) +1;sin@+ 5+ ¢)

Here:
d=412+12-2,cosp
B= arcsin—llS(Ijrl¢
2 2 _ 2
J= arccoslu -8
21,d

Therefore, the coordinate linkage point M is canfiby rod lengthd,,l,,l,,1,,l;, the coordinate of point A

Xa, Ya, and angef , ¢0; angerd is also expressed by other variables, not as #sigd variables, so the
determine design variables is :

X :[X1’X21X31X4’X5’X6’X7’X8’X9]T = “11'21'31'41'5’XA’yA’0’¢0]T

(2)establish the target formula
The actual curve of the link point M on the four-tinkage mechanisms is depigtg, = f (X,, ), which is the best
approximation of curvey = f (X), and the formula of target:

min £ () = 3[04 = %) * (Yo = %))

(3)establish the constraints
Establishing the variable boundary conditions, #teoupper and lower

X, =[X,0 X0 s Xe] = [510101010,1010157157]
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Xi:[&pxmf'wa]: [QSlﬂlODDrl5ﬂ

So the boundary constraints:
g@2-)=x -x,<0i=12---9
g(@2)=x, -x <0,i=212---9

Considering the existing conditions of the crahie, performance constraint function:
9:(X) =X + X =X ~X, <0
9.(X) =X + X =%, =X, <0
9:(X) =X + X, =%, =%, <0

Considering the minimum transmission angle, thestramt functions:

2 4 y2 _ EVRY
g,(x) =30° - arccos2 8 (% %) <0
2%, X,

2 2 2

X5 + X5 = (X, +

gs(x) = arccos=—— (X, * %)
2X,Xg

-150°<0

To sum up, the path optimization mathematical mofiglanar four bar mechanism:
min f () = > [ = %) + Yo ~ ¥2)°]
i=1

g@-1)=x -x,<0i=212---9
g@)=%x; -% <0,i=212---9
9,(¥) =% +X, =X~ %, <0
9,(X) =% +X; =X, =%, <0
0s(X) =X + X, =X, =% <0

2

+x2 — v )2
g,(x) =30° - arccos2_— %3 (X = %) <0
2%, X,

2 2 2

X5 + X5 = (X, +

gs(x) =arccos=—— (X, * %)
2X,Xg

-150°<0

The trajectory mathematical model of planar four bechanism for optimization design is reproducgdAnt
algorithm, the solution is found by MATLAB softwarand the persistence parameter= =1, r =1,

p=06, Q=1, iteration number 10, the program runs to get dppgimal solution of the ant algorithm
optimization

f(X)=104127

X =[2.57486.23294.55886.05803.73633.60986.93930.8273-0.7669
The optimum solution was obtained by conventiominization metho&™:

f(X)=1284133

X =[1.677565.819445.406587.030397.973252.065822.248661.379091.22684

The optimal design solution was obtained by impcbgenetic algorithr?':
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f(X) =1190509
X =[1.758644.34859.999938.569971.062427.248699.054771.569840.07579

So, compared with conventional optimum algorithrd genetic algorithm, the results of the optimizatiesign by
Ant algorithm are more advantages, better solution.

Cédlular ant algorithm

1)Cellular automata theory

Cellular Automata (CA) is a discrete grid power rabth time, space and state. Its basic componemiside
cellular, Cellular space, neighbor, and rules. $ynspeaking, Cellular automata can be regardedcdlalar space
and the transformation function on this space. Esped in mathematical symbols, standard cellulamzata are
four tulles:

A=(L,,SN,f)

A is a cellular automaton systerh, is a cellular spacedl is a Cellular automata in cellular space dimensiaa
positive integer, S is a cellular state set, its state is in binaryrn’fo{O,l} , or discrete set of

integel{so,---,s.I ,---,3(} , N is a combination of the central cell, including ttedls in all areasf is a transition

function mapped fronB" to S. All cellular cells are located in the dimensional space, the position of them can
be determined byl dimensional in integer matriz® .

Cellular automata are described and defined sfrimin the perspective of set theory. Symiilis spatial

dimensions, symboK is the cellular state, symb@ is a finite setl is cellular neighborhood radiug, is a set of
integers in one dimensional space, t is the time.

In order to simplified describing and understanditfte cellular automata considers in one-dimensiepace
d =1, the whole cellular space is one-dimensiofal and integer seS distributed on the state set is written

asS” .
F: Stz - St+l

The dynamic evolution of the function is determirmdvarious cellular local evolution rulds, and usually called

the local rule. Cellular and its neighbors can bigten asS**! in the one-dimensional space. Local function can b
written as:

f :Stzr+l - St+l

Input and output function set are finite sets i@ libcal rulesf | they are limited reference table. Cellular cataib
the global evolution applied the local functiorcellular space:

F(Cti+1) = f((;:_r ,"',Cti ""’Clﬂ)
Among: This is a cellular automata model aqids a cellular at the positidn

2)Célular ant algorithm and itsimplementation
Cellular automation is made of a cellular spaceteausformation function in this space.

Definition 1: continuous functionf (Xl,Xz,n-,Xn)definition domain into a set dfi Euclidean space, denoted

asC;, = (Xli,m,xji ;o= Xy ), and X; D[aj ,bj], j=12,---,n,i=22---,n", ¢ is a cellular, all ofC form
cellular spaces.
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Definition 2: cellular neighbors described by exted Moore neighborhood

G :{Xli""’xji ""Xni}

NMoore = |Xi><1 _Xli| +“'+‘Xi><j _in‘+'”+|xi><n _Xni| pS y
{XiX1""')§><j '...Xixn}Dzn
Among them, X, ,-- -, Xixj o1 Xixn are the geographical coordinates of neighbor cgdlles.

Definition 3: cellular ant searclN; is an area of cellular space and extended Mooighber I depends on the
value of the function in definition domain rangedarumber of ants.

Definition 4: area N; refers to the region that is outside the regiothefcellular space.

Definition 5: ants transfer probability is definad follow:
o= ) (8Z;)"
’ z (1) (AZ,)*°

k

Among them:7 ;is attract field strength of ant; AZ; is the objective function value§ —Z;; @ is the relative

importance of trajectoryq = 0); S is the relative importancef = 0).

. . W _ old k

Definition 6: the pheromone updates equatiofi’™” = o7, + ZATi
k

Among them:A Tik is the length of trajectory information left arksn the field I units in number, herel Tik is the
field of mobile value increas® (Qis the embodiment of ants leave a constant trackbeu). 0 is durable

trajectory 0 < p <1).

Definition 7: evolution rule of Cellular:
(1) Selecting any one cé, calculatingZ = f (x;,X,,--+,X,) , and recording,,,, =Z , C,,, =, .

(2) Selecting any cellula andc; from N;, and calculatingZ; andZ; . If the condition is metZ; <Z,,
Loy <Z, ,AT}‘ increases with the value 6. When AZ; <0, the ani moves to the field with the

probability of B, , and the regiorl\, death; whef\Z; >0, the ant continues to search in the afda

!
Since the computational complexity of the algorithas a relationship with partitioning of cellulgrase, it uses the
method of equilibrium partitioning cellular spacedeal with practical problems, which can redu@dbmputation

time. Each region is composed of cellular and talloeighbor, the center one is cellular in theéaergand the rest
are neighbors, the cellular and its neighbor ddatermines the region which is the life or deathmBine with local

characteristic functions in the region (local mama, then the local convexity function), and getee@random
number to search local optimal solution by computBxpand the field outside the cellular space revent the

algorithm from converging to local optimal solutjdransfer area mobility of ants, conducive to glofsptimization.
The implementation steps of cellular ant algorithm:

step 1 NC — O0(NCis the number of iterations or search times)

i and Az initialization

Determine the area size according to the numbertlandize of the space of ants, put the ants ircéimeer of the
search area;

Step 2 Put the initial of each ant starting pait the current solution concentration

Each ant moves to the j field by probabil@ , after searching the region;
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If the moving is successful, then regior’1\(lail death;

Step 3 Calculate the objective valuzé of each ant, and record the best solution

Step 4 Modify trajectory strength by update eimpunest
Step 5 Each arlt: AT, O; nc — nc+1

Step 6 if1C < scheduled iterations number and no degradatioavii@h(i.e., find all the same solution), then go
to step 2

Step 7 The best solution to the current output

As can be seen, with the regional life evolutiamtsawill be concentrated in certain areas, speeth@mptimization
process.

3)Calculation example

Example: the optimum design of pressure vessel

Cylindrical horizontal pressure vessel design added elliptical head, pressure vessel diagranhasis in figure 3.
In the premise of the design requirements, to apérthe design of structure parameters, the comtaieight is the

= — 3
lightest, supplies at least. Calculation of pre&ssxmfsseFc 1.6MPa’ known full volume” =100m , material
t —

in the design temperature of allowable streLg] =163MPa , limiting vyield at the test
temperatureJS = 345MPa, the coefficient of welding joir{f = 0'85, corrosion aIIowancg2 =1mm

L

|

- _|_ SN ) ) [

| p

' (1]

i

| L

|

Fig3 Pressurevesse diagram

(1)Determination of design variables
Quality of pressure vessel shell is determined ly diameteD, , the length of the cylindek and the wall

thickness of thé . For a given volume of pressure vessel designleiihgth of the tube body can be expressed as a
function of the inner diameter of the cylinder bptherefore, selection of tube diameter, tube dtemeube wall
thickness and the head of the wall thickness adéaki&n variables. In design condition, standdrgtielal head wall
thickness and the wall thickness of the cylindecaanected with roughly equal, in order to makevemient for
taking the same value. Therefore, to determinalésign variables:

X =[x,%,]=[D;,4]
(2) Establishing objective function
The main goal of this example is in to meet thegmaisite of the design requirements for the qualithousing,

housing corresponding to the minimum size as thamigation objective, we therefore, selection oflity as the
objective function.
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Pressure vessel having a cylindrical body and stahelliptical head, the qualiti of housing is equal to the
cylindrical portion (including head straight edggality and two head qualifyl, andM ,.

M, = pr(D; +9)Lo
M, =1—”2p[<Di +23)2(D, +43) - D}]

So M =M, +M, = p7(D, + L&+ pr(D, +28)’(D, +48)~ D]

The volume expressiol/ = 1 D7L+ 1 D}
4 12
& D,
Theresult L=—>——
S 3

I
The target function:

1
f(X) = prr(x, + X;)LX, +Ep77[(x1 + 2X2)2(X1 +4x,) - X13]

_AN X
L=—p—-—
w3

(a)Establish the constraints

(b)Strength condition
According to the provisions of GB150-1998[38fhe corresponding thickness formula for cylindrishell and the
standard ellipsoidal heads must meet.

Cylinder and standard ellipsoidal heads need isfgdhe corresponding thickness formula.

P.D,
5-C,-C,2——2o "t
Cylinder: o] ¢- R
P.D,
6-C, -C, c ]

>
= T
Standard elliptical head: o] ¢ 05F,

here

R ——Design pressure

t
[0] ——Allowable stress design of material temperature

Cl—The thickness of the steel plate negative devati
CZ ——corrosion allowance
¢ weld joint efficiency

(c)Minimum thickness

In order to meet the requirements of manufactupngcess requirements of stiffness and the trarsgant and
installation process, according to the engineepragtice, it provides the minimum thickness requieats which
does not include corrosion allowance in GB150-18b8

When the cylindrical shell is carbon steel and &lwy

If D, < 380Qmm, thend = 2D, /1000, J = 3mm

If D, >3800mm, set according to the actual situation
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(d)Head stability conditions
Effective thickness pressure standard ellipticalchy head diameter shall be not less than 0.16%, s

3. =6-C,-C

The effective thickness of standard elliptical header internal pressuré 2 is not less than 15%

of the head diametelrDi :
0-C,-C,-0001D, =0

(e)Hydrostatic test stress strength condition
Should after pressure test container are madeus#oin order to make the hydraulic test contamaterials are in
the elastic state, in the pressure test must tss@debefore type checking test cylinder film stress

The container should do pressure test before ugingrder to make the hydraulic test container mialtén the
elastic state, it must be check the cylinder fitress formula before the pressure test.

P (D +0-C -GC,)
2(0-C,-C,)

Here

P, ——test pressurd®. = 125P,

< 09¢o

[o]
[a]'

o ,——limiting yield under test temperature.

[0] ——the allowable stress of material under test taatpee

It induces the mathematical model of optimal desifjpressure vessel by the preceding analysis.

. 1
min f (X) = :0”()(1 + Xz)l—xz +Epﬂ[(x1 + 2X2)2(X1 +4X2) - X13]

P.D.
X)=—=-"1—-x,+C, +C, <0
gl() Z[U]tw— Pc 2 1 2

9,(x) = IPCDi -x, +C, +C, <0
2[o] ¢— 05P,
05(x) =2x,/1000-x, <0
0,(x)=3-x%x,<0
0s(x) =0.0015¢ - x, +C, +C, <0
P (Xl +X%, =G _Cz)
2(X2 -G _Cz)

gs(X) = - 0990, <0

It solves the mathematical model of optimal desifjpressure vessels with cellular ant algorithrkesathe parameters

in the instance into the equation, takes the persis parametéf =b :1, r=1, P = 0'6, Q= 1, cellular
segmentation number is 10, a total of 100 regieash central region is the cellular the otherscatiilar neighbor,
outside the area of the part is the area of tie fiecan calculate the optimization of cellulat algorithm.

f(X)=2064141
X =[2136.5134]
It obtains the optimal solution by the conventiomatimization metho’

f(X) =3219185

2840



Xia Jiansheng et al J. Chem. Pharm. Res., 2014, 6(6):2830-2843

X =[200020]

It obtains the optimal solution by the simulatedealing algorithnff!:
f (X) =2135538

X =[2429 421591]

Thus, compared with the normal algorithm and sitedlannealing algorithm, the cellular ant algorithptimization
design results are better, can achieve more opsiohation

RESULTS AND DISCUSSION

1.Intelligent system compilation of mechanical optimization design

1)The system interface design

The interface is an interface for information iatetfon between user and system.

Usability and friendliness of the application pragrdepends on the interface design, it should densie purpose of
the application program, the use frequency of Eogithe experience and expectations of user irfactedesign. In the
main interface view (Fig. 4), two modules are destyusing the menu editor, the one is the "commoblgm of
mechanical optimization design”, the other is theld". It takes into account some common problehtseomechanical
design in the first module, including optimizatidesign of compression cantilever beam, optimizatiesign of planar
four bar mechanism trajectory, optimization desifrpressure vessel, optimization design of sintdges cylindrical
gear reducer, optimization design of two level rajtical gear reducer, optimization design of woreargreducer,
optimization design of produce box plate, optim@atdesign of bolt group connection, etc.

2. Encapsulate calling MATLAB based on VB

(1)Basic principles

The program of the main interface is designed basedB, the subprograms of MATLAB are called in mavays, the
common and convenient way: using function “shélltg) call MATLAB application, using ActiveX technofly and
dynamic link library to realize to call the prograin this paper, MATLAB was call by function “sheli’. Passing
parameters is fixed by reading and writing in thisthod, using advanced programming language ofV/Basic to edit
the original parameters of input and output, MATLAS adopted to write the M recognition function tire VB

development environment, and then wage the optiinizaalculation

The programs of MATLAB are called to invoke the ecoand based on VB:

Dim X

X = Shell ("...\matlab.m")

In the formula, the above command is directly atéd and calculated by MATLAB.

(2)Data transfer from VB to MATLAB.

The system is a high intelligent mechanical optition computing system, and composed of the MATLXB, and
other parts. The mathematic model for the desiguldhbe established firstly, the parameters whigfindd in the VB
program are transformed from VB to MATLAB, the mettiatic model is established to optimization cateula

(3)Data transfer from MATLAB to VB.
The transfer data is mainly complete the calcutaftiom MATLAB, so it is necessary to send the redata to the VB
program reflected by interface.

(4)Detalls of ANSYS operator based on VB

(&) The judgment of ANSYS calculation

Add a timer on the interface, and write the follogvcode:
Private Sub Timer1_Timer ()

If Dir ("...vortl.mode") <>"" Then MsgBox ("commutabver")
Timerl.Enabled = False

End Sub
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Save the results in the date2 file, notify the ubkat operation is complete in msgbox dialog lihen VB interface
output the results.

(b) remove the last VB executable file
Because of each optimization calculation, the systéll produce lots of files in the VB directoryo @ kill program
(App.-Path &"... ") should be added to prevent thiginally text files, such as datal, data2, affegthe next operation.

= Mechanical optimization design
problems incommon [P

Optimal desizn of comprassion cantilever beam
Optimal design of the trace of plane coupler
| Optimal design of prassure vessal |Mechanical optimization design

Optimal desizn of single cylindrical gear

Mechanical optimization design is the application of the optimization technique

in mechanical design, determine the optimal parameters and structural

dimensions by optimizing the mechanical parts, mechanism, components and

even the entire mechanical system, improve the design level of all kinds of
Optimal dasign oftrussstructurs mechanical products and technical equipment, led to considerable benefits to

| Optimal design of baltgroup connection the national economy and society.

Optimal design of two gear wheel reduction gear
{0ptimal design of two hefical gear whesl reduction
Optimal design of warm reducer

Optimal design of box cover

Fig 4. The main interface of mechanical optimization design

3. Application example
Firstly, enter the main interface of system, aswshim figure 4. Select the "optimization desigrpoéssure vessel” in the
drop-down list into the pressure vessel designrfatte, click to enter the data input interface ipui the basic

parameters of pressure vessel:
P.=16Mpa v =100m® [0o], =163Mpa o ,=345Mpa ¢=085 C, =025 C,=1
p =785(kg/m’ P =16Mpa [0] =163VIpa.

o

Then, press the save button to generate a texddibel of pressure vessel parameters in the VBditettory. Press the
OK button, select the different optimization algjam on the pressure vessel design interface, thiemet the different
optimization results immediately. The calculatiesults of three kinds of optimization algorithm ahewn in table2.

Tab2 Calculation resultsof 3kindsof optimization algorithm

Algorithm x1 X2 f(x)
Ant algorithm 24222 151 20761.11
Cellular ant algorithm 2136.5 134 20641.41
Quantum ant colony algorithm  2048(7 12.9 20659.22

CONCLUSION

Several different algorithms are compared, suchauns:algorithm, cellular ant algorithm, and quantant colony

algorithm. The corresponding mathematical modedseatablished according to the actual mechanicid@roblems
by computer, and the best solution is chosen.

(2) In this thesis, the mechanical optimizationiglesf intelligent technology is done further ressathe mathematical
model is established for the mechanical desigmweérsl common problems, the steps and processdefsigechanical
optimization are described.
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(2) The application of the ant algorithm in optimuwtasign is introduced. While Quantum algorithm aedular

automata are introduced into the ant algorithm, hew optimization algorithms are developed, on€edlular ant
algorithm, the other is Quantum ant colony algamitfThrough the actual project design, these methmelproved to be
more useful. Studies in the thesis provide a ngwageh for mechanical optimization design.

(3) A relatively rich and friendly operation intade is established by Visual Basic, users only rieeselect the
mechanical problems to be solved and enter the tkri@y parameters, then the best result will be wuip greatly

facilitate the users, especially for whom don’t ersiand the intelligent algorithm.

Acknowledgment
This work was financially supported by the Key Ledtory for Advanced Technology in Environmental teobion

of Jiangsu Province (AE201039) (AE201038). Natw@ence foundation of Jiangsu ProvincBK2012250. The
Natural Science Foundation for General Universitiediangsu Province (China) under Grant No. 12KJZmA.0.

REFERENCES

[1]Duda J W, Jakiela M JGenetation and classification of structural topdksy with genetic algorithm
speciatiofJ], 1997, 119(3):127~131.
[2] Franklin Y. Cheng, Dan LiGenetic algorithm development for multi-objectofimization of structurgd] ,

1998, 36(6):1105-1112.
[3] Nagendra S, Jestin D, Gurdal Z, et mhproved genetic algorithm for the design of stifd composite

panel$J]. Computer & Structure4996, 58(3):543-555.
[4] Li Quan shui, Gong Yibin, Yang Daoguo, Liang JumghéMechanical structure optimization design based on

Ant AlgorithnjJ] , 2003, 22(suppl.):131-132,187.
[5] Guo Huixi, Gui Naixin, HeZeminAnt colony algorithm and its application in mechzalioptimal desigi] ,

2005,17(3): 50~52.
[6] Li zhi, Chen Minyi.Ant colony algorithm and its application in the impal design in the special spiral groove

tube[J], 2004, 33(2):18~20.

2843



