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Abstract

This paper is a brief introduction of DesgnDirector and an example of optimization of
metd mold design collaborated with MSC.AutoForge. Our god is to optimize metal mold
design usng MSC.AutoForge and DesgnDirector. We use DesgnDirector to make
decisons about optimized metd mold desgn. DesgnDirector is an optimization software
that employs the Design of Experiment and the Mathematicad Programming to achieve the
optimal caculation of nonlinear problems.

The Design of Experiment, combined with a series of finite dement andyses (FEA), is
used to generate gpproximate evauation functions for controlling behaviors depending on
the changes in desgn variables. The Mathemeticadl Programming is employed to solve the
optima caculation of the gpproximate evauation functions of the behavior.

These methods redize the optimization of nonlinear problems like metd mold design,
with asmal number of FEA.



I ntroduction

One of the most practicd methods for optimization of nonlinear problems was proposed
by Dr. M. Shiraori a Yokohama Nationa Univ. in Jgpan[1]. This method employs the
Desgn of Experiment (DOE) [2], s0 it is cdled the Statigticd Desgn Support System
(SDSS).

Though a variety of methods for the optima desgn are proposed, most of them are
complicated and their efficiencies are low. The reason for ther low efficiency is that these
methods incorporate  dructurd anadyses and sendtivity andyses in their loops for
optimization caculations. SDSS uses response surface equations , predicting the outcome
of dructurd andyses, in ther loops for optimum caculations, ingead of dSructurd
andyses and sendtivity andyses. The response surface eguaion is generated by DOE, and
it is possble to describe the nonlinear phenomena. Thus the SDSS method enables us to
do an optimization caculation for anonlinear problem efficiently.

We developed an optimization software DesignDirector[3] based on SDSS, and we are
trying to goply it to the metad mold design. This pagper shows the ability of optima meta
mold design with DesignDirector collaborated with M SC.AutoForge.

Theory of DesignDir ector

DesgnDirector is an optimization software based on the SDSS method, which employs
two mgor mathematicd methods. The first one is the Design of Experiment (DOE). DOE
combined with a series of finite dement andyses (FEA) generaes the response surface
equation depending on changes in design varidbles of an object Sructure. The response
surface equations are expressed by a orthogona polynomid of equation[2] and predict the
characteristic behavior of a design structure.

The other method is successive quadratic programming (SQP), a kind of meathematical
program, which is one of the most efficient methods againgt nonlinear optimization under
congraints. DesgnDirector uses SQP to solve the optimization problem expressed by the
response surface equations generated by DOE. As a result, DesgnDirector optimizes the
nonlinear problem efficiently.

Besdes the optimization, DesgnDirector has the following functions edimating the
characteridtic behaviors : the effectiveness andyss, the reandyss, and the evduation of
disperson.

It has been confirmed that DesignDirector can be used for dmogt al kinds of nonlinear
problems, including the forge process, and that they can be solved in a much smdler
number of FEA than other existing methods.

Optimization with M SC.AutoForge

We are trying to goply DesgnDirectorfor the optimization of a forge metd mold design
with MSC.AutoForge. The forge process behavior involves large deformation and materia
nonlinearity, so we use MSC.AutoForge to smulate the forge process and to get the
response values that measure the characterigtic behaviors of forge process. The flowchart
of meta mold optimization isillustrated below.



Figure 1. The collaboration between DesignDirector and MSC.AutoForge

The firgt thing the operator has to do is to choose important design factors that affect the
responses and to decide the range of the design factor varigbles. This information is input
to DesignDirector, and a series of combinations of design factor values will be produced.
A szries of FEA dmulations based on the each combination of design factor vaues will be
caried out by MSC.AutoForge to get the response values of the forge process. During this
trid, an interface-software which produces the procedure files to operate MSC.AutoForge
was developed. A series of FEA cdculations of MSC.AutoForge was conducted by this
procedure file automeaticaly.

After conducting a series of FEA cdculations, the response vaues are input to
DesgnDirector and response surface equations of each character are generated
automatically. These response surface equations are used for the optimization, the
reanayss, the sengtive andysis, and the evauation of dispersion.

This collaboration between DesgnDirector and MSC.AutoForge will generate response
surface equations of the characters of the forge process and result in the optima design of
the forge process.

Application for Metal Mold Design

We tried to optimize a smple example to confirm the ability of the optimization of meta
mold design by DesgnDirector and MSC.AutoForge. The example was to optimize the die
and the punch, which compresses a plate between them a the upsetting process. The

purpose of optimization is to determine the punch and die shape, which keeps the surface
of the workpiece flat.

15mm Punch diameter * Pressload P 4=32 ,6n
45mm Punch height :
200=1000mm Punch R1
60000 Y oung's modulus Work diameter D_4=8mm
kgf/mm2 Work thickness T 0.25=0.45mm
15mm Die diameter Fvdueghaue 0y oo
45mm Die height (Fo=FTA) n=0.5
200=1000mm DieR2
60000 Y oung's modulus - Friction coefficient 0.065
kgf/mm2

Figure 2. The punch and the die

|

Figure 3. The definition of workpiece flatness
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This process is a compresson of an axisymmetric plate between the deformable die and
the deformable punch (Figure 2). The punch and die are deformed by a presser, so that the
punch and die have a round shaped surface to keep the workpiece flat after it is released
from the punch and the die. In the above example, the round shape of the die and the
punch was determined by the workpiece shape and the press load P, under the condraint
that the stiress at the die and punch was kept under the desirable value.

The flatness of the workpiece (objective function in the example) was defined as the space

in Figure 3. The design factors and response variables are written below and the others are
congtant.

Analysis
Design of Experiments

To get the response surface equations of the characters, we ran a series of FEA
caculations based on the different design factor vaues. DesignDirector generates a series
of combinations of design factor values based on an orthogona array, so that the times of
FEA andysis are reduced. In this case, five design factors were chosen and DesignDirector
showed us 81 combinations of desgn factor values (Tablel). After that, 81 FEA modds
were produced and run by MSC.AutoForge automaticaly by the procedure file to get the
response vaues of characteristic behavior.

The design factors: The response variables:
-Radiusof the punch surface R1 -Hatness
-Radiusof the die surface R2 -Punch dtress
-Workpiece diameter D -Die dtress
-Workpiece thickness T
-Pressload P



Table 1. The combinations of the design factor values

Factors
WOTHRTECE | WIRITECE | oo
ND. |Punch Rilmm]| Die R2[mm] | Digmeter Thickness ress Loa
Dimml Ilmml P[tﬂﬂ]

1 200 ] { .25 1

1 200 a0 1 135 m

1 200 a0 [ 0.45 1
81 Cases [ 200 200 § 1.25 1

5 200 200 § 135 3

B 200 00 i 0.45 4

1 200 a0 i 1.05 3

B 200 200 1,35 y

\
\

5 [ 1000 1000 § 045 ¥

% 1000 1000 6 15 7

n | 1000 1000 6 0.5 4

1| 1000 1000 6 045 18

T | 1000 1000 i 0.5 ¢

0| 1000 1000 8 .5 18

B 1000 1000 8 045 v

Finite Element Analysis

Because of the axisymmetric nature of the geometry, this process can be idedized to an
axisymmetric model. The die and the punch are modeled as a deformable body in order to
assume the deformation of the die and the punch. The contact between the die, the punch,
and the workpiece is assumed to have friction. Here it is assumed that the upsetting
process tekes place a room temperature. An example of the FEA mode is shown in
Figure 4.

Figure 4. An example of the FEA model for simulating the upsetting process



Results
Estimation Expression

The response surface equations for the upsetting process were generated in terms of the
desgn factory((1),(2),(3)), which were regarded as dgnificant by the variance andyss
(Criterion used 5% risk rate in F-Table). The variables R1 , R2 , D , T, and P in the
equations represent the design factors.

FlatnessF(R1,R2,D, T, P)=

1.808942E-02-7.196936E-05* R1+2.950266E-08* R1/2+1.522639E-06* R2-6.650702E-03* D+6,.994992E -
03*T+4.170708E-03* P-6.842709E-05* P2+2.186639E-05* R1* D-1.231727E-08* R1/2* D-7.102083E-

07* R2* D-2.537245E-03* T* P+7.047902E-05* T* P\2+4.271042E-05* R1* T-3.969293E-04* D* P+7.26311E-
06* D* P2-7.009584E-03* D* T+2.354977E-06* R1* P-2.025758E-08* R1* P2-8,805431E-10* R1/2* P

@

Punch stressG(R1,R2,D,T,P)=

2019.212- 5594194* R1+4.537251E-04* R1/2- 5591987+ R2+4.536466E-04* R2/\2-

560.104* D+45.48388* D"2-3379.048* T+140.0511* P-2.267204* P\2+1.852836E-03* R1* R2-1.54403E-
06* R1/2* R2-1.54403E-06* R1* R2"2+1.286692E-09* R12* R2"2-9.083118* T* P+.8119346* T* P'\2-
9.57942* D* P+.1797035* D* P"2+1001.106* D* T-83.42547* D/2* T-1.232962E-02* R2* P+7.627038E-
06* R2"2* P-.0123809* R1* P+7.665888E-06* R1/2* P 2

DiestressH(R1,R2,D,T,P)=

2019.21-.5591845* R1+4.536353E-04* R1/'2- 5594288* R2+4.537325E-04* R2/\2-

560.1034* D+45.48383* D"'2-3379.042* T+140.051* P-2.267203* P\2+1.85283E-03* R1* R2- 1. 544025E-
06* R1/2* R2-1.544025E-06* R1* R2"2+1.286687E-09* R1/2* R2/2-9.083235* T* P+.8119396* T* P 2-
9.579407* D* P+.1797032* D* P"2+1001.104* D* T-83.42529* D2* T-1.238065E-02* R2* P+7.6656 78E-
06* R2"\2* P-1.232991E-02* R1* P+7.627274E-06* R1/2* P 3

Optimization Calculation

To minimize the flatness (this is to minimize the space in Fgure 3), the optimization
cdculation was done by the SQP method using the response surface equations (1),(2),(3).
As the condraint conditions, the maximum level of Stress was assigned to prevent the
damage of the punch and the die by a load pressure. In this caculaion, dl the desgn
factors were assumed to be continuous variables.

The result of the optimization cdculation is written bellow.

(1) Dedgnfactors R1,R2,D,T,P
(2) Objective function: Flatness of plate[F(R1,R2,D, T, P)] ->Minimize
(3) Condraints:
Max. punch stress[G(R1,R2,D, T, P)] 650Kgf/mm2
Max. Diestress[H(R1,R2,D, T, P)] 650Kgf/mm2
200 mm R1,R2 1000 mm 4mm D 8 mm
4ton P 32ton 0.25 T 045
(4) Reaults of Optimization
Objective vaue: 0.1e-6 mm
Vaisble RL=290mm, R2=290mm (AtD=6.1mm T=025mm P =95 Ton)
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Conclusion

In  concluson, the characterigics of the collaboration of DesgnDirector and
M SC.AutoForg are described below:

(1) DesignDirector is gpplicable to nonlinear problems.

(2) DesgnDirector is very practical because it is possble to make use of exigting
programs for a structural analysis.

(3) The collaboration of DedgnDirector and MSC.AutoForge have resulted in the
optimization of the metd mold desgn for the upseting process and are capable of
optimizing more complicated forge processes.
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