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Abstract

Multiple Regression Analysis for Piercing Punch Profile Optimization to

A tee is the most common pipefitting used to combine or divide fluid flow. Tees can connect pipes of different diameters
or change the direction of a pipe run. To manufacture tee type of stainless steel pipe, combinations of punch piercing and
burr forming have been widely used in the industry. However, such method is considerably time consuming with regard to
performing empirical work necessary to attain process conditions to prevent upper end tearing of the tee product and meet
target tee height. Numerous experiments have shown that the piercing profile is the main cause of defects mentioned above.
Furthermore, the mold design is formed through trial and error according to pipe diameters and changes in requirements.
Thus, the objective of this study was to perform piercing and burring process analysis via finite element analysis using
DYNAFORM to resolve problems mentioned above. An optimization design method was used to determine the piercing
punch profile. Three radii of the piercing punch (i.e., large, small, and joined radii) were selected as design variables to
minimize thinning of a tee pipe. Based on results of correlation and multiple regression analyses, we developed a predictive
approximation model to satisfy requirements for both thickness reduction and target height. The new piercing punch profile
was then applied to actual tee forming using the developed prediction equation. Model results were found to be in good

agreement with experimental results.

Key Words: Burring, Optimization, TEE-pipe, Coefficient of Correlation, Multiple Regression Analysis

.M &

1990 ©] %, 7k ARG 7R 1,004%F 7}l A
20154 & A 22009 7FE2 g)E Z7bsledt). o]
wEh, A5 Ay FHOR ol gv gl 87,
&3 471, LPG & B4R 7] 5 AF AN 4
e 19 sHRN A 2015 A 715 39 7MW
Mz Z74stgea]. ool we 7l a9 7tz

1 sFdista S34AESH

2. AAA7E AT A

# Corresponding Author : Department of MetalMold Design Engineering,
Kongju National University, E-mail:smhong@kongju.ac.kr

A3l 7k wjke] i AAbe] %A U Th~
7] A4S 9elAE TE bo] Z(tee type pipe)”}
dastth AUEE A9 slojl=g XY FHOoR
A ZH A G, Fatekd s 2tE A4S 27 FAHE
Al ol &= TR o] 9o, Aol AdYetal o
o Aakel Age 58S A&t tee-pipe &
721243 TH2). tee-pipe A2 23 o2 Fgo] Hr}
1348 EAE7E 53 AAMAE FHE 9o S



272

Fig. 1 Section of TEE-pipe and crack after burring
process
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Fig. 3 Finite element modeling for burring
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o] swift model S AHE-3ITH o= FESY, K % Table 2 Design variables, objective functions and
A, ev F& WYEE, nd A EAS, e constraints

Z7] W Eolth. 4% vo]z Fdde xyzF I design Variables short R, long R, edge R

o] ©Role Ao TN AAZALS AAFT - —

./] BT = = S ] _‘Ei oﬁ] S eoo}—'— ]:H o . mlnF(x):thlnnlng

o Ad 3]]@]—% 7} = objective Functions

S8t th(Fig. 3). A
F2 long R : 47.248, short R : 20.909,
edge R: 50|t} o] FAte] v A3 |4 Ay} T

max F(x) = height
68 <longR<74

7+2=(thinning) 7t 80.31%% SUS3049] <141& 71%1. constrainis (mm) 32 <shortR < 38
t mol Aojx = Aol wAsHA E vH(Fig. 4)[5]. 5<edgeR<10
o =Klgy + &)” () Table 3 Full factorial simulation result
longR | shortR | edge R | thinning | height
Table 1 Mechanical properties of SUS304 Case (mm) (mm) (mm) %) (mm)
Parameters SUS304 1 68 32 5 39.28 11.41
K (MPa) 1426 2 | 68 35 5 3731 | 11.44
£ 0.029
N 0.502 3 68 38 5 34.33 9.70
Young’s Modulus E (GPa) 207 4 | 68 32 75 | 3538 | 1141
Poisson’s ratio (-) 0.28 5 68 35 75 3271 | 11.44
Yield Stress (MPa) 215 6 68 38 7.5 29.56 9.73
Tensile Stress (MPa) 505 7 68 32 10 30.74 11.59
8 68 35 10 30.31 11.43
3. & &A= fet HH 44 9 68 38 10 2809 | 977
10 71 32 5 35.13 8.23
3.1. A 2A X 28 1| 7 35 5 3268 | 8.35
oxﬂ‘ E%j ZMT ;219} Al 4 ;ZL %011%@3 2| 7n 38 5 2942 | 823
3 = %3 Z % = z38)3}r
;337\1]%j ;j m—rg(de}slgrlljr va]rlables),ﬁ] A7 g‘?i}-’; = L 22 1> 3158 818
(objective function), < ZZ(constraints)o] HI=% <l 14 E 35 75 2951 8.19
Qaolth wepipe AH AAZ oA A Ms 15 | 71 38 75 2586 | 8.33
short R, long R, edge RZ A 3} th(Fig. 5), —.@?Hi 16 1 32 10 29.17 8.18
= S 7F2A thinning®] FH2A3te} EE AFE o 17 71 35 10 26.59 8.32
heighte] Z = 735} tH(Table 2). Table 3= A 712 18 71 38 10 23.79 8.22
AA {5 gl 3] ehd 29l AW (3%=27) 19 74 32 5 28.77 5.33
of wet M-S Fdstar o1 AdE Aelskleh 20 74 35 5 2691 | 5.00
i 21 74 38 5 24.74 5.29
/ T._ong side R \ 22 74 32 75 26.69 | 5.00
f 23 74 35 7.5 24.83 5.04
| Short side R ® | 24 | 14 38 75 | 2215 | 524
\ %ep | 25 | 74 32 10 2279 | 487
\-\ / 26 74 35 10 23.43 4.90
Fig. 5 Definitic;n of besign Variables 27 4 38 10 18.03 4.90
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Table 4 Correlation analysis result
longR | shortR | edge R thin- height
g g ning g
long R 1
short R | -0.0658 1
edge R | -0.1363 | -0.0658 1
thin-
. -0.7023 | -0.3522 | -0.4323 1
ning
height | -0.9759 | -0.0303 | 0.1298 | 0.7327 1
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