Trans. Korean Soc. Mech. Eng. A, Vol. 40, No. 10, pp. 879~886, 2016 579

<'6_'!'§—‘E-E-> DOI http://dx.doi.org/10.3795/KSME-A.2016.40.10.879 ISSN 1226-4873(Print)
2288-5226(Online)

=
—
OH
0x
1o

CNG &3 &7| Hz2H2 e D.
Tractrix ClO| Z=|& A A

Ol MBI BEAT L "

At A7 AT, 2 B YA S ] =g

Optimal Design of the Tractrix Die Used in the DDI Process for
Manufacturing CG Pressure Vessels

Kwang O Lee’, Hyeon Dae Sim™, Hyo seo Kwak  and Chul Kim""
* Dept. of Mechanical Engineering, Pusan Nat’l Univ.,

** Mechanical Convergence Technology, Pusan Nat’l Univ.

(Received May 16, 2016 ; Revised August 10, 2016 ; Accepted August 12, 2016)

)
[
1
[»
v

Key Words: Pressure Vessel(%=-87]), Deep Drawing Process(5 =2 3 7), Tractrix Die(E
©]), Forming Load of Punch(:d %] *J33}<%), Von-Mises Stress(i=7] A2 5-2)

Z8: ONG 4887 AlxE A% H==2d FA AHey e EYEYA tol= 8944 &1 §lo] 43
S 7FsshAl gt 71Ee] AFelAlE DDL A 12 HERES FAd EYEZH A 348 thold A
L319S W, tolo ) 2 AxYrt AEe e A HAHF ] B AFE AR AAeln
oje] B =FoANE EFEY A F49 ML o]F5S Fole thole] wolo] mE Y2l FA
gt Al S elstalth gk AR o] APkl wE tho] SEHHFTHTY Von-Mises &35 w45t
HA o] EHER A tho] S AT

Abstract: Tractrix dies, used in the deep drawing process, can be used to form CNG pressure vessels without
a blank holder. Previous studies had only applied tractrix profiles to perform the first deep drawing process
of DDI; but an optimal design of the tractrix die that focuses on improving die life and reducing production
cost has not been performed yet. In this study, finite element analyses of deep drawing processes were
conducted according to heights of the tractrix die by using translating asymptotes. In addition, researchers
analyzed von-Mises stresses at the part of stress concentration of the die according to the forming punch
loads in order to propose an optimal tractrix die design.

.M & (Deep drawing and ironning) 343} G+ =34

(Hot spinning process) 3ol =& Ao, =u

231719 LPGes ARde7] A gt kg A= 1200=we FHEA ZHsvh =YdH

715 °olSM gl 7 H(seamless tube)S Al-E-3}4] DDI ¥4S &3te] 17k~ &717F Aatke o

HFEHA & (bottom  forming) ¥} % $(closing) 34, <4 ATt T3 AutoCAD 27 Sholl A4 AutoLISP €1¢]

b o543 FA(forming to concave bottom)S E o]l &gt IAHAA Asst Alzglo] JTES]

ol AdPErt. olgg wWAS ke AlsH]| ek 1,02 el s H7EL7] 9lske] E-Glass/oll ZA|

A8 Fateln, ARrstE aE%d AAko] £ ol &gt AYE o1y AAAE 5 Al 2~Fo
olHrh. webA, CNG A 7%-871¢] Alxol+= D.D.L et A7 A AT

ol
N

SR Z T 20lol= ExldER A AL
* Corresponding Author, chulki@pusan.ac.kr I gof 1t HER= EAEHL 5
© 2016 The Korean Society of Mechanical Engineers Aol 8% tho|(Tractrix die)”} A% =d], 9]




880 SETN

o>,
e

Punch

Tractrix die

i //‘
Workpiece |

(a) 1% draw stage

Punch Redra\\‘ing die 1

Ironning die 1,2

Py

DGDD D' d

(b) 2™ draw stage
Redrawing die 2
/

/ Ironning die 3

/ D! d
) {

(c) 3™ draw stage

I
(d) Tractrix die for 1% stage
Fig. 1 Schematic view of D.D.I. process
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Table 1 Material properties of the liner(34CrMo4)
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Table 2 Material properties of the punch and the
die (AISI-D2)

Liner(34CrMo4)
Density, Elastic modulus £, Poisson’s Punch and die(AISI D2)
(kg/m®) (GPa) ratio, v Elastic modulus, £\ GPa) Poisson’s ratio, v
7,850 200 0.3 210 0.3
Yield strength Tensile strength Yield strength Tensile strength
(MPa) (MPa) (MPa) (MPa)
950 1,050 2,150 2,370
yi
B a+B
0 T

Fig. 3 Tractrix profile using in the first deep drawing
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Fig. 4 Dimensions of the tractrix die
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Fig. 6 Forming load of the punch according to stroke
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CNG 4

10 nodes

Fig. 9 10 Nodes to obtain Von-Mises stresses at the
part of stress concentration
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Fig. 10 Von-Mises stress at the part of stress
concentration according to stroke
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Table 3 Dimensions of the tractrix dies according
to the heights

Case Height of | Ratio of width | Flowed angle of
die (mm) to height workpiece ()
1 890 1:2.99 2.8
2 722 1:2.42 52
3 630 1:2.11 7.4
4 568 1:1.91 9.5
5 522 1:1.75 10.9
6 486 1:1.63 12.7
7 457 1:1.53 14.5
8 433 1:1.45 15.9
Y
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Fig. 11 Shapes of tractrix dies according to the
distances of asymptote
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Table 4 Forming load of the punch of 1% and 2™
peak points according to heights of the
tractrix die

1
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Table 5 Averaged equivalent stress at the part of
stress concentration in each cases

Case Average stress (MPa)
Case Load pf Ist peak Load (?f 2nd peak 1 573.7
point (ton) point (ton) > 500.8
1 403.5 1360.9 3 4795
2 574.7 1104.1 4 488.0
3 695.2 1016.4 5 4752
4 787.1 975.4 6 430.4
5 862.1 963.2 7 443.6
6 910.4 948.7 8 5173
7 950.9 911.3
8 1002.5 963.0 Load (ton)

Load (ton)
1400

0 200 400 600 800 1000 1200 1400

Stroke (mm)
""" Case 1 ===Case 3 = -Case 5

Case 7

Fig. 12 Forming load of the punch according to the
cases(l, 3, 5, 7) in table 3

Contact
area

(a) Case 1 (b) Case 6

Fig. 13 Variation of contact area between the die
and the blank according to the height of
the tractrix die
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Stress Stress Table 6 Material cost of the existing and the
(MPa) (Pa) optimal tractrix dies
1000 1000
The existing tractrix The optimal
die tractrix die
Volume ; ;
3 8.84 % 10 7.40 X 10
(mm”)
Cost
4,510,610 3,775,850
(Won) 9 9 9 b
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Fig. 15 Von-Mises stress at the part of stress 5.4 =2
concentration according to stroke
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