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Abstract: The CNG pressure vessel is manufactured by a deep drawing and ironing (D.D.I) process for forming
cylinder parts, followed by a spinning process for formation of the dome part. However, studies on the buckling
phenomenon of the dome part and formation of the inlet part have not been performed yet, and the CNG
pressure vessel is produced by the experience of the field engineers and the trial and error method. In this study,
buckling phenomenon during the spinning process was predicted by comparing critical buckling loads obtained
through theoretical analysis with axial loads from the FEA, and a method for preventing buckling of the dome
part was proposed by employing commercial software (Forge NxT 1.0.2). Also, to form the inlet part, forming
loads of the roller at contact point between the roller and the dome part were analyzed according to radii of the
dome part, and the inlet part was formed by controlling the radius of the dome part.
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CNG $+&-&7] 2ol & Alxstr] flaA, Fig.
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First draw stage in D.D.I process

Second draw stage in D.DI process

Drawing

[N
\‘IRcIIeirﬁ‘\ X
workpiece ‘, <

Spinning process for dome part forming

Third draw stage in D.DI process

Fig. 1 Liner forming process of the high pressure
vessel
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Fig. 2 Scheme of hot spinning process

 Inlet part

20mmI
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166.5mm
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Cylinder part

Fig. 3 The dome and inlet shape of the CNG pressure
vessel
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Fig. 4 Scheme of column supported by pin for

calculating critical buckling load of the dome
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Table 1 Simulation conditions of the spinning
process'”
Mandrel Roller Workpiece
Material Rigid Rigid 34CrMo4
Friction Lo
coefficient Sticking 0 )
Heat transfer
. 10 10 2000
coefficient (with air) | (with air) | (with roller)
with air with air with roller
(W/m’K)
200 (Room
Young’s "
- - emperature)
modulus(GPa) ——
105 (10007C)

Feeding distance

Feed rate

Friction coefficient

7 Temperature

Rotation speed | !
Friction coefficient ~— [T 7|~ T T T T EST
_— Feeding distance

Material

Heat transfer coefficient

Fig. 5 Design parameters inference on the spinning
process
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Fig. 7 Local heating for the hot spinning process

150mm

166.5mm

Fig. 8 Initial dome shape of the pressure vessel to
checking buckling phenomenon
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Fig. 9 Roller path and feeding distance for the
spinning process in the case(1)

Buckling —»

Fig. 10 Buckling phenomenon of the dome part in
the case(1)
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Fig. 11 The values of feeding distances from pathl
to pathl3 to prevent buckling”
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Table 2 The results of spinning processes according
to the feeding distances

Case 1 Case 2
F.e eding 15mm Smm
distance
Buckling Occurred Not occurred
Inlet part failed failed
forming
Result of
simulation

Initial
dome part

i

Roller path I‘
of casel W
Roller path—p:

b of case2

Start point NG
of roller (case 1) ~ Start point I
of roller (case 2) Start point of =

dome part

z

Fig. 12 Roller path and feeding distance for
preventing buckling in the case(2)

12~139f 20 = 5smmZE st on, ZF g o]
F71¥]+= Fig. 110 YeEpd Stk

Fig. 115 #alste] & Fo A= WAE ST
olFAZE %7] 15mm(Case 1)°14] Smm(Case 2)
2 Faste] EYlA=EE F45e, °lE Fig
12¢] YERH AT

E2]9 olEAY el wE 23y s 4
= Table 29 YEFHAOH, Case 2014 FH=d

gl WA Fgont, B ¥ BRI FY

o,
k3
ox
]
ol
X,
&2
o
-
£
2
i"/
o
e
oX,
ot

rl

(A
N
)

l
Fig. 133 o] 2 (6) B 2 ()= °l&3te] L
(=g Fei7kA o] A Aoyl & o]& <
AZEstzS AXsEelh o, 1000°C] A1 2] &
3 A197(105Gpa), b(10mm) 2 h(6.5mm)E 283
Ath Table 3914 Lgkol F7kskel wet o]& <
ARZstse FasiAT, Mo F
[e)

AEFITS 7ok AIS Hola gom, ¢
AF=sts FIarse dFsFTS vt
A3}, Lol 225mml A o]FR= dEsEol

S 53 CNG

ngH871e B 9 AT R 4 891

Table 3 Comparison of buckling loads obtained from
theoretical analysis with those from FEA

L |Toeorstieal | e | o
(mm) 122(011:(1;25) loads obtained Condition
by the FEA(ton)
225 0.385 0.38 No-buckling
255 0.25 0.52 Buckling
290 0.2 1.8 Buckling

Table 4 Shape of dome according to the lengths
between mandrel and roller(L)

290mm
(Buckling)

225mm
(No-buckling)

255mm
(Buckling)

A-ACross section

z

Fig. 13 Scheme for calculating the critical buckling
load
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Fig. 14 Variation of forming loads in z and y-axis
according to the dome shapes
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Inlet part generation
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Before
Y

Fig. 15 Increasing the radius of the dome (R) to
form the inlet part
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Table 5 Roller’s rotation radius to form inlet part
without buckling by paths

Feeding Center of Roller’s
Path | distance | roller’s rotation rotation
(mm) 7 Y radius(mm)

1 0 0 -55 221.5
2 5 -5 -45 211.5
3 5 -10 -35 201.5
4 5 -15 -25 191.5
5 5 -20 -15 181.5
6 5 -25 5 171.5
7 5 -30 0 166.5
8 5 -35 0 166.5

Modifiec initial

Fig. 16 Modified initial dome shape for forming inlet
part of the pressure vessel
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Center of
the roller

Fig. 17 Variations of roller path and rotation center
in order to form the inlet part of pressure
vessel
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Fig. 18 Shapes of dome and inlet part by path(1~8)
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