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Abstract :

CNG buses were introduced in 2000 to reduce air pollution of the big cities. The durability and safety

evaluation were performed for the NGV-2 type cylinders taken from two buses after 30 months of running, No external
damage and no internal corrosion was observed on the container surfaces. Defect exceeding the allowable limit was not
found in the UT test. Permanent volume expansion was about 1.2% which is much smaller than the required design limit.
Cycling test showed no failure after 11,250cycles and burst pressures were still above the maximum design pressure.
Both the longitudinal and circumferential failure mode were observed, where both the fracture strengths were far above
the design limit. This study showed the present CNG fuel cylinders were safe enough for further usage.
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CNG A

Table 1. Classification of CNG fuel cylinders
Type Materials Weight Ratio
NGV-1 Seamless steel cylinders 100%

Seamless steel liner with carbon or
glass fibers, Hoop wrap
Seamless aluminum liner with carbon
or glass fibers, Hoop wrap
NGV-3 Seamless aluminum liner with carbon
or glass fibers, Full wrap
Plastic liner with carbon or glass fibers,
Full wrap
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NGV-2
70%

50%

NGV-4 45%

Fig. 1. NGV-2 type fuel cyiinders

ol Qe 87]% A% o9 Aoz 7] ¢ %
& W2 Aol 4§ slr] s W AlzA) what
A o84, 95, 100, 1211 £3F2] £7)7F £850]
6~87) B= AMgE Ao sotEduk

Fig. 12 121L £3¢] NGV-2 8479 AJ2e
LreRfaL gl

3 "7t 7|

%3

A
(=1

e

TH

M

3.1. Ald "ol 7|1F

2] CNG 213g AFE &7]o digt 71&r]s
o 2% qgirackd#y] 7| B3 1A A 12-19-
1 o] FAo o3 PSAATkE ATAL B
A goly BEAE &7 AZ 2 AAP|So] g2
=P, #z 24 - Az 4700 disle AAEs

ALZAL Z71E3 B4HA Ax 2N Az

Table 2. Test items for CNG fuel cylinders
Test Test Item

Cycling pressure test, Environment test, Burst test,
Precision test] Fire test, Composite defect test, Drop test, Impact
test, Accelerated stress burst test,

Product [Matl test, Coating test, Burst test, Liner defect test,
test Hydrostatic test, Leak test
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Table 3. Specification of bus fuel cylinders

Type NGV-2
Spec. 912.7" x L 72"
Capacity 121L
Manufacturer Farber(Italy)
Bus Maker A B
Operation Period 2000. 12. 2000. 11.
Mileage 279000km 215746km

* NGV-2 : Steel £7] + composite winding

Fig. 2. CNG bus ofiinder samples
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4 Mg o pxk Table 4. Results of bare eye test
Samples | External damage | Corrosion | Marking damage
A EQ) 87100 e ARAE A9 ANES A N No No
9 54 A9 1A sLorh 18 2 8 A2 N No No
Aol g Qb B7LE Slaid §71 okl A3 No No N
A% 6717 4 AR Aol B AR B No No No
Zol wat Age AN, B2 No No No
B-3 No No No
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Fig. 3. Valve and pipelines near fuel cylinder Fig. 4. A photo showing non-destructive ultrasonic test
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Fig. 5. t—up for hydrostatic test

Table 5. Results of hydrostatic test

A B
Water capacity 121L 121L
Total volumetric expansion 1038cc 965¢cc
Permanent volumetric expansion 12¢cc 12¢cc
Permanent Increase 1.16% 1.24%
Limit < 5% < 5%

Modobdets|x], M19E HM1Z, 20044

45, YHEIIAE

HHE7ICIA| P S WHEE = g7]9) 218t AU
o <& FAg7) el w2 o] A
A Fgol AAgoRMA ARt AT = 3l
=A]9] B2 Prlshs AL, HIAFYHELS F
Agree) 125, AAFAYHEL FALH 10%
ote] ¢Hom sl wEIQIEHE W, Hi
11,250/ 0] (A 9 94 15dx7503]) o] Hel
sheo] dojubM ot Hrk #3E 87] F Ad
2 7} 17]2 AAsla Fig 62 A@Fxg 254
E Abg3te] WMEVRRIAEE HAlSIATE SHYE
20.7MPacll th3 H A @Y 268MPaZ 3RS
. B9 33le] £ Algstatt

NEA 7)1 Alo]Zol A 8719 Ftoly WY
o] doju}x] Agkow, A§ F 253} vty AY
AME 3ede A7) 71% o oud FE=
HAEHA FUrh

46. Held
AP AFE AR SO ddste] e

Fig. 6. Set-up for cycling pressure test

Fig. 7. Sample cylinder after half cutting
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Table 6. Resulits of burst test
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Fig. 8. Longitudinal failure mode of the tested cylinder

o] ZW $ee] 2ujolm

oNE A3 38
4402 wgstolol sht 28

Aolua ol 44

lo

AR wAEel 27] A wel Frgelo] o
Dol seirks 4% sdo] WA dojy
FE Qo Boh HuE e §719 F 2ol

-

2ebd BelEEE, 250
Srizeela @ & ek webd $5 Fask A
= urh AU A8 S Fol Qo RAE o
0% SR £ ole BAnel HH Wy
of e wo| Wasfthn £k

5. 4 &

B AFoE ONG W B 2709 A=
NGV-2 d88719 diste of 3ydo] A 39
UyTekaA B37kg 8 Fa AlFEES F3to]
Adpgton, o]2RE d& HEL & 2k

1) £7] 9j%e] 3o} A 2ol W R4
o FEHA ggron], Ui Fae] o] AL <tE
7hnol EgEe] Hold 4E7] KBF7F LA
o33he 3lgdy) WEel Ro @ Feolxgich

2) &7 W L4 718 2Aske Aol
£7) FAle] W3l= ole AoE YERdTh 11,250
ukE 7jel Ao|E A E mheol} 3t Aol ¢l
Qom, Wk Ee] e &7)o 3y Watw 4
pch AR olakel Aoz Uehdth wEka whR
71QF Ao wh2 R dde] 79 g Ao
FA A

Jouna of the KIS, Vol. 19, No. 1, 2004



CNG AR HRE7|9| UFIXY Hr}

3 sk wEE fagee] od Aoy sk
R AR o E S T
SaghEe JlEeEe BY PEss Ao

Lk
3

D A, A8 343, S 7EAART AR
AW ThaE AR SRR, Akdekdst
3], A1, A3ZE, pp. 192~199, 1997.

2) GRI, “NGV £7]¢] <tdA - CNGE-7]¢9] H4
& HF9 84", GRI RiA, Trans. of the
ASME, A1197, #1035, pp. 799~806, 1997.

3) GRI, “¢t& M7k~ £7]9] HAg Hgy F
2]”, GRI Report 96-0419, 1996.

4) GRI, “NGVE ZA|(ERE) Type 1 2 2 £7)”, GRI
Report, 1997.

ArAobXE S| x|, M19A H1ZE, 20044

5) ANSVIAS NGV 2, American National Standard
for Basic Requirements for Compressed Natural
Gas Vehicle(NGV) Fuel Containers, 1998.

6) FITPAAATAL YFADRABANE B
A gold] BEARE7] Ax 2 HAIE,
grm7k2qbd g AL 2000.

7) CGA C-64, “Methods for External Visual Inspec-
tion of Natural Gas Vehicle(NGV) Fuel Containers
and Their Installation”, Compressed Gas Associa-
tion, Inc-1998 First Edition.

8) UYEIIARE, ‘b HAVtzAREA AsAgA
& 871 9§55 A AR, TR 104,
(AhLE7t2Y 3] HA7kaAEA T2 AER.

9 dEZIARE, E JrkeAEA 2 HE
71 9 s, T 10 71, (ADYE7EA S

10) GRI, “Fracture Performance of Cylinders for
NGVs”, GRI Report 97-0313, 1997.



