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and Forging Analysis Automation Program
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Abstract

Many studies have focused on the optimal design of multi-stage forging molds. For optimal design progress, geometry parameters must

341

be automatically modified, and the updated analysis file delivered. However, existing automation processes set and change parameters at

the analysis input file stage, limiting them to simpler tasks like 2D shapes and basic process conditions (e.g., friction, elasticity), making it

challenging to handle 3D asymmetric shapes. To address these limitations, an automated program was developed that modifies geometry

directly in the CAD model, enabling the automation of complex 3D and asymmetrical shapes. In this process, a 3D mold is generated

immediately after the drawing is input, automating the design of both the product and the mold without manual intervention. The program's

effectiveness was demonstrated in the design and forging analysis of a multi-stage mold for M10 hex head bolts. This fully automated

program reduced preprocessing time by approximately 6.7 times and successfully performed sensitivity analysis without manual input.

Keywords : Automation, Cold forging, Finite element analysis, Multi-stage die design, Non-axisymmetric shapes
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original; (b) modified for program input
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Table 1 Material properties

Workpiece Material SWCHA45F
Density [kg/m’] 7,850
Young's modulus [GPa] 214.0

Poisson's ratio [-] 0.3

Coefficient of thermal

. 12 x 10
Expansion [1/C] x

Eff. Strain

[mm/mm]
6.62
5.30
3.97
2.65
1.32
0.00

<op 10> <op 20> <op 30> <op 40> <op 50>

Fig. 6 Effective strain of multistage forging analysis
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O : Max. forging load point in process

Forming Load vs. Time: Total

Unit: tonws. s
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Fig. 8 Design variables for op20, op30 and op40

SSE _, Z(yAf —7)
(v -3)

R =1-

253} Al ~ES Fe

[U

o,
o
=
Hx
(e
D)
lo

FEAl
e oF 6,709 HH}E A AYe 45T 7 ATk 319 FAgkelH, AARAFTY 10 7WhETSs A5
T3k FAo] sAR FF"E A9, 28 AZE Aol o] fFaddol =55 onsin
= 8% 30x0A 2% 3022 Y-S F7teth o NAE A4S st AAWss U3k gx
3 A3 A3E 9 v 59 = AFfeER A4 sdS vigew AAEAY. AN A
H A FA7A ] dAAMe #AHS IA dFT F 4y st o ¥ dUder =2 k%ol
NS A3t b Alar lom 2 FAAARE AdHor I

3. As3t Z20Y M ZAjel ghes |x] o} E}ol Roﬂfﬂ M Ee sE
o] WSt Wil 2 ~ 4 FA WX R, tho] R

3.1 FHY AHE 28 HE A A webd 2 82 o] R(RI, X1), 3

BE Yk dx 34 A4Y AEETt wof ¥ gl the] R (R2, X2) 18]aL 4 &7 A <] EM R
T AAE Y F de Aol vk a2y 59 (R3, X3)& AAWFR AN oM, 2442 0.5 mm
of 7teliAl= w2 A9 steo= s 59 vhE RH LS mw7bA] 3FFes Al Az A
2oukEe] fge] glow, o= AY AF Fd AWMSEE Fig 89 A EAISHTE 2 =l A
At olold & vk A& ATl ol F e 4% Fdste 54 53t 239
d At ZAE Ay fds HAAATE Aed FaA A 7] e, Ao A& A &
T8 E ARl oW [3-6], ¥ =RolAE A =Z AL sl 7t FA HAA(punch) ¢ the] R & &
2o fFaAS ASs] dd FrE 58 F datriar pgeta AAASE 5 ATttt o
A 7 27F HE UgE $48 dae Aol e Wik gdx 4Y NS wEger 7

WIS A (sensitivity analysis)o] @t A% 72t A sAolA e Hof A% ST (maximum ton, Y )| ¢
AWG7E W gl wel 54 ghpel 7 A= 9 S BA3eR dAsiglon, AAWMSTE 2 TN
S BlskE Wgelth20]. o1& Fal AAWMST] o B AgH7] wiel 1 ¥4 4¥ 35 Adge
FrE ?‘1‘%‘ T o9len, o= 7} Wge] grel Aol A AlQlskglth. AAES] WMol 53
45 B o] 7 9P Adve As FHpell diste] dEE SiA ARE Hol= HAAW
ojujgth. Wte w4 Ao A= ARAS 7o W2 A3 e, o] & Table 201 e
(coefficient of determination, R*)E 53 H7}gth 4 o F 384 3545, 27H9] A4S A3 vt
AAF A9 2 () 2ol xEdh o7 RPE gz 24 s I AAelA 74 FAAA 2t
ARAG, yi= A5, vE BSR B, = T Ad 3] @l dg vgEs 2Asgo.



346

owA - oA - Z

1 O o

Table 2 Objective function and design variable ranges

Design Rl= X1, R2= X2, R3= X3
variables
Object L
fun(J:tion MinimizeY = max(Fapzo + Fop30 + Ewm)
0.5<XI<1.5
Constraint 0.5<X2<1.5
0.5<X3<1.5
op20 op30 op40
=l
é 520
2
kel 470
| 420
5
=30+ —
05 1 15 05 1 15 05 1 15
R [mm]

Fig. 9 Reliability analysis

Table 3 Forming load and sensitivity analysis results

Level op20 op30 op40
1 [ton] 506.18 408.07 428.59
2 [ton] 400.76 439.78 433.23
3 [ton] 398.19 457.28 443.31
Delta [ton] 107.99 49.21 14.72
Share [%] 62.8 28.6 8.6
Rank [-] 1 2 3
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