Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2019.20.9.517
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 20, No. 9 pp. 517-524, 2019

et
¢

EEEKE!

ol
ﬂ:
111

v}

o

N

o

lo

=

2
2,

N

ne

o

ofl

ol

oZ

B

Numerical Approach to Optimize Piercing Punch and Die Shape in
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BAAFE FFolt} & dAoAs L EgtolH SJEEE A Ao tisf mojy 3 5 HA ) 76 = 0}’6‘ g
27 ARFE Hast st vk 3 F WA9 oy AZ¥Fo| dFE & 5 de vl SHo"HA(die
clearance)?} A¢ZE(shear angle) lﬂ ubaHA 4> (friction coefficient)S A4 ¥42 AA Yk E3F WX 9 5}
Z A4 AT dl 4 AA H FFEE FRIst7] Yol WA= EA(sensitivity analysis)= JIFF}. 1

23 A 4%, vpE A5, o] ia]ﬂa%é +£02 o5 9 A i wzet AoE A o]§ B3 WX Q
et A AIFE EXATEE A6, vhgHEHH(Response Surface Method)& B3 ZF A4 B4E3 57
9] g AE TEJ ol S AFE AA ¥eEe 3 7S TEY A ad)do] F83 A3 HAY 9
2 A9 Aol 7] 22.14% 7HAIHH.
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Abstract The overdrive hub clutch is attached to a 6-speed automatic transmission to reduce fuel
consumption by using the additional power of the engine. This paper proposes a means to minimize the
load and roll-over ratio on the punch during the piercing process for the overdrive hub clutch product.
Die clearance, shear angle, and friction coefficient, which can affect the load and roll-over ratio of the
punch during processing, were set as the design variables. Sensitivity analysis was also conducted to
determine the influence of each design variable on the punch load and roll-over ratio. As a result, shear
angle, friction coefficient and die clearance were found to be sensitive to load and roll-over ratio. The
punch load and roll-over ratio were set as the objective function and the equation of each design
variable and objective function was derives using the Response Surface Method. Finally, the optimal
value of the design variables was derived using the Response Surface Method. Application of this model
to finite element analysis resulted in 22.14% improvement in the roll-over ratio of the punch load and

material.
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Fig. 1. Concept of production process
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Table 1. Material property
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Parameter Value

k (MPa) 880.0

n 0.228

Young's modulus, Z (GPa) 200.0
Poisson's ratio 0.290

Yield stress (MPa) 301.03
Ultimate tensile strength (MPa) 605.83

1000
SCR 420 HB (annealing)

800
£ 600 |
E -O- Hollomon [g, —Keq ]
bs 400 K =880.0 MPa

n=0228
200 1
00 " " " "
0.0 0.2 0.4 0.6 0.8

Fig. 3. Flow stress curve of SCR420HB(annealing)
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Fig. 4. Concept of Finite element analysis

2.2.3 MUE EXM(sensitivity analysis)
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Table 2. Results of finit element analysis

Design  variable = X1,X5, X3 Object  Function = Y3, Y3, Msimulation)
Xi X X5 " Y Hsimulation)
Die Shear Fric. Coef. Max. Load rolloyer Normalized Nroorlrlriil;:d Yi+Y,
No. Clearance angle [ IN] ratio Max. Load ratio V-l=———
[mm] ) %] -] 2
[
1 0.05 0 0.05 1348.8 8.555 0.9518 0.9798 0.9658
2 0.15 0 0.05 1399.0 8.731 0.9872 1.0000 0.9936
3 0.05 30 0.05 12374 4.866 0.8732 0.5573 0.7152
4 0.15 30 0.05 1260.8 4.845 0.8898 0.5549 0.7223
5 0.05 0 0.15 1411.8 8.375 0.9963 0.9592 0.9778
6 0.15 0 0.15 1417.0 8.631 1.0000 0.9885 0.9942
7 0.05 30 0.15 1270.8 5.951 0.8968 0.6815 0.7892
8 0.15 30 0.15 1315.5 5.556 0.9283 0.6363 0.7823
AA W= A9l AAZ T (shear angle), HX|<} Definition
of Vo

t}o] Ato]9] Z&]oj#A(die clearance), BFA|9FC & u}
EAIS(friction coefficient)E AL, o]E Fig. 59|
Yepith AAE AA Ho] s WA sk (Max.
Load)¥@} &Aof|4] ¥FAIol= X 33K (roll-over ratio)Oll
et YEFEE =T |29 A skEat A A
AFE Aol Aaskslr] s 4249 g F+st
(Normalization)& &l Uerct. T3, F+3skd sk
(Normalized Max. Laod, Y)¥} A3 Normalized
roll-over ratio, )9 BAES ANELE ZZ3S4
(Msimulation)Z ARt +x]9] Hshe k5 L
A=Y AFtelA 7P & X9 g 7 case B}
groll el @ &= Qlrt. AA Hes Hd), 4R F 2
o] £ B3 QRIS PP o, 2° = 8He &
SR A S 5] T 243 AT F 8¥9)
FAL S ol D2 TlolE} i 249 Aat
£ Z¥7t Table 29} Fig. 69 3t AA metule g
TEO 2 A= AR, IV oR AA mietn]E 9
APaE gofste Aol 2Ank & AT 22 g2
£ o]Foj3 1hE FASHAY A oefr]E ] HlAdg
BAETEEES IR f 3552 ARESITE £ A
A= Zk AA getalE g vAdEES EskA] @7] o
ol AA mietlE ] =52 2 $£E02 Aot Al
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Zhg, tho] SEjojdA, tho] FEojdAe} AT
n5AE, uixo & tho] FEjojyAlt wiEHASe]
T2 SAYR 10.5%, 8.7%, 3.2%, 3.1%, 1.8%= T
oA A&k

O
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Fig. 5. Piercing die geometry and design variables

Pareto Chart
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Fig. 6. Results of sensitivity analysis
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Table 3. Comparison of simulation and RSM
Design variable = Xi,X, X3 Object Function = Y1,Y, Msimulation), ~YRSM)
Xi X2 X ) Y Y
Die X rollover Normalized Normalized Y Y
No. Clearance Shealio]angle FricA[_]Coef, MaxtNIioad ratio Max. Load roll-over ratio (simulation) (RSM)
[mm] [%] [-] [-] [-] -]
1 0.05 0 0.05 1348.82 8.555 0.9427 0.9798 0.9613 0.9559
2 0.15 0 0.05 1399 8.731 0.9778 1 0.9889 0.9899
3 0.05 30 0.05 1237.4 4.866 0.8648 0.5573 07111 0.7037
4 0.15 30 0.05 1260.87 4.845 0.8812 0.5549 0.7181 0.7177
5 0.05 0 0.15 1411.89 8375 0.9868 0.9592 0.9730 0.9559
6 0.15 0 0.15 1425.82 8.505 0.9965 0.9741 0.9853 0.9753
7 0.05 30 0.15 1270.84 5.951 0.8882 0.6816 0.7849 0.7664
8 0.15 30 0.15 1315.45 5.556 0.9194 0.6364 0.7779 0.7659
9 0.0159 15 0.1 1366.73 551 0.9552 0.6310 0.7931 0.8136
10 0.1841 15 0.1 1321.65 6.562 0.9237 0.7515 0.8376 0.8418
11 0.1 0 0.1 1430.82 8.225 1 0.9420 0.9710 0.9922
12 0.1 4023 0.1 1113.87 497 0.7785 0.5692 0.6739 0.6913
13 0.1 15 0.0159 13432 6339 0.9388 0.7260 0.8323 0.8312
14 0.1 15 0.1841 134871 6.541 0.9426 0.7492 0.8459 0.8717
15 0.1 15 0.1 1350.23 7.042 0.9437 0.8066 0.8751 0.8721
16 0.1 15 0.1 1350.23 7.042 0.9437 0.8066 0.8751 0.8721
17 0.1 15 0.1 1350.23 7.042 0.9437 0.8066 0.8751 0.8721
18 0.1 15 0.1 1350.23 7.042 0.9437 0.8066 0.8751 0.8721
19 0.1 15 0.1 1350.23 7.042 0.9437 0.8066 0.8751 0.8721
20 0.1 15 0.1 1350.23 7.042 0.9437 0.8066 0.8751 0.8721
2 73k WS S HEA (regression analysis)©]2t Y(RSM)=0.8662 +1.669X; —0.009749.X, + 0.657111.X,
T SHH11]. o3t I ARAMS =3 AAE AA W -6.275X7 +0.000021X7 —2.916X7
Wel o] BAF0] ATS o3t 2 k. 317 A —0.00666X,X, —1.467X,X; +0.020908X,%,  (4)
< B @2 A% o] ¥, A4 % 7t X, 39 AS7t
b 7 3 o, dukAel Ay PR EL 4] HREHEHE S doldl 74| 2ot fota

Y=F+ X+ BXy +L + B Xy @)

I§]~%5‘?T'—D:‘‘ﬂ(Response Surface Method, RSM)2 ¥

1 A9 sAndEc o 22 ukgo] ZAXE vt
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AHEEE deREe 4 Q)F LT
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Fig. 7. Results of regression analysis using RSM



a2 =

9l
HA 9] o 9 nii 50| EAl= A3 5 DSt
£ Ao tigt o] 82 o stsol Qs HAYSH
t}. 5}%0] 27, W7} W= 2 geo] 242 W] 1}
&3 wiEo] =Tt KRt wEbA, WRSEHEHS
B de N2 AR HHHAAZAL A7) Q3]

A FhEDE WAL e A 15, A9l
AZ B3 AW A A4 @I 54 2
& Agb7] o, 2He e Aelold] B of]
whgol, 71 Aok SUT 3 0.12 LA Fig
8 tho] Zelofalazt 0.1mmelx, sHaAL7E 0.1 2
u) AskztEo] g BAe] 2 S5 A A
THotstol ek Tefatolch, i Aol 9] 5t
o Agzo] AULE ashe, FgAL FAe B
o} webd, 5 SAlo] mASHE A0] 498 A Ag
e 94 ol W AHeIAe] WA o) Aekzt
S 26.68°01A], o] AA| /gsh] ojelgnz B
APoAE 2508 BAY o) AudE AU

1.5
-O- Normalized Load of punch [-]

1.2 {-O- Normalized principal stress [-]
I
§ 0.9 1
=]
£ 06 |
E
3 1
S 0.3

0.0 + ‘ ‘ ‘ ‘ ‘

0 5 10 15 20 25 30

Shear angle [°]

Fig. 8. Relationship between normalized punch load
and normalized principal stress

Fig. 9% A9 o Atzm=7} 250019, updA 4
7b 019 W, HA9 F5H} &4 APFe] BAE o

Bt ot} Fig. 8014 42 Ad=ie o dd
AEg 25°2 AR, olF B3 Hol Sjojdxl
FERAS AT 1 A o] SFodas oF
0.086 ~ 0.15mm Ape]9] groz F&zzio0] A
o, tjo] F|ojdart AW S5 A vl
FgEo] I7RRIER, TIHe] wAQl to] 2jofd
271 0.086mm ¥ WE F# o= Yt

1.2
-O- Normalized principal stress [-]
L -O- Normalized Roll-over ratio [-]
g
[72]
=t
S
(]
9
(5]
N
=
£
S
Z :
0.086
0.6 "
0.05 0.10 0.15

Die clearance [mm]

Fig. 9. Relationship between principal stress of the
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Table 4. Results of object function comparison of origin condition and optimum design condition

Design variable = X7,X5, X3

Object Function = Y3,Y3, Wsimulation)

Xi Xo X5 Yi Y2 Y (simulation)
. . Normalized
Die Shear angle Fric. Coef. Normalized roll-over Yl + Yz
case Clearance o Max. Load . -1=
[°] [ Ratio 2

[mm] [-] L]
Origin 0.1 0 0.1 1 0.9420 0.9710
Optimal 0.086 25 0.1 0.8927 0.6192 0.7560 (22.14% 1)
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