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Safety analysis of in-use vehicle wrapping cylinder
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Background overview

- RASBREMRER I8
> The urgency of natural gas instead of other fuels

( RERFER, HFRB/R, RARASBENELRMY )

(Energy demand, environmental requirements, the

security of natural gas itself )

> IERTERRARSSE (CNGV ) ARENARNT 2

> Compressed natural gas vehicles (CNGV) have
been widely used in Beijing



- HEAERESZSERE TS
=%

> The necessity of security analysis
for wrapped cylinders using in
vehicles



(1) ERTEHRZFRLUWPONIERARERBAEANERERZRAS
EESMAIRMBETHERXENRES , SXAMEIINEBHRG, A
m, NIESE, RAUFHEE,

In the first periodic inspection of CNG all-composite

wrapped cylinders used by Beijing public transport

company , Beijing special equipment inspection & testing
center has got the follow data: the defects includes external

damage , leakage , convex, cracking etc.



(2) Bt RERBMVN B=REH , MFHEENEZEE
ARETHRESHWESR K MAREW LRI EAZ%E
SRS Z = ERBERKRRRAER KA,

m With the promotion of Beijing’s international

status, people have higher and higher requirement

on the safety of special equipment, the safety issue

of the wrapped cylinders is a focus affecting
people's livelihood.
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Research contents

> BERESSHAR R MALE
> Failure mechanism analysis of vehicle wrapping

cylinder



BE
Method

> BYSHEERERR , 2RSSR LSRR ;
> Analyzing the safety condition of the cylinder

through performance test.

> BESMBRHRRE, BRITRN SR ;

> Analyzing the environmental effect through the

acid environment test.



B A R AR REF IR | Z SRR ER K
WA

Analyzing the failure mechanism and failure mode of the
cylinder through dissection experiment and material
petformance test.

EREINERENSGE , 2MENREES , AN
N2+ EAREERRZE,

Analyzing the potential safety hazard through non-

destructive test to provide technical support on safe use of

the cylinder.



1, SEREEEEHRE

Burst test

SMEE5 ~9FMNER , ERALREFI RIS BRI EZLH S
e, SR SRR EE T BRI ERITRBKENT , BEBRK
BRI R T HERTEEDEN255,

After used about 5-9 years, the burst strtength of more than
cylinders decreased to its design value because of the

cumulative fatigue damage and the material aging, but the

burst strength is more than 2.5 times of the working pressure



XRAZASHA Z 2B EDRIFE—DNRSEY A HEERARY
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A58 HI AR I R LR TRRE R SME £ EH T
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EE MBI,

It indicated that the safety margin of the batch cylinders

remained at high level of availability.

The leakage phenomenon in experiments also showed that

the cylinder leakage is a major failure mode which should be

concerned

in cylinder use .



2, SEESEHBEAE
Fatigue cycle test

SRR B INER E 0 2MPa ~ 26MPa , B IEZE 10,8/min,
HEE R : KZ0 1A SHEFRIET RN A E E 750008 MR 5 At s .

T E

The fatigue cyclic loading pressure was 2 ~ 26MPa, and recycling rate

was 10 times/min .

Test result: After 7500 times most of the cylinders didn’t appear the

phenomenon of leakage and fracture .



AN, SRR R R 57 B pnEk it e R S B &
HVIRES . SilsEE e AR ITE A E DERN2.50F LA
L BRNENARUHXATRES

m [he cylinders remained good performance in fatigue
cycle loading performance test of internal seal layer. The
cylinder were still above mote than 2.5 times of the
working pressure , most break location was in the

cylinder’s head parts.



3, SAREFEIRRESHIRBEE L

Bursting strength test on defects exceeding cylinders
in outer surface

s EE— RSBV RE TR E R S 87mmx*4. 7mm*4.5mm, {1
THARPED | B EDEN7454MPa , BB EEE L
ERBUNETYIE,

m [he defect size of cylinder outer surface was about
87/mm % 4.7mm % 4.5mm and located in the middle part
of the cylinder barrel. Bursting pressure value was
74.54MPa. Blasting location was in cylinder head and
not same as defect location.



RS RKRHA

AR PR E R SN 2R TE = R /naR FE X R4 5R B RY
=0, MNHERAENN 2 TFIEN , SRAERNHE
B = RR A RS BR N FT Al

m [ he result shows that in the current standard
three level damage defect of outer surface should
be evaluated objectively for cylinder strength. The
regulation of three level damage defect is harsh in
current standard.




4, SBERAR

Air tightness test
n HEERKRH  FASENSBEERENLTAIZNZE
Mo

m The result shows that the air tightness of the cylinders in
use is still safe and reliable.




5, THERIFFEREHE

Acld resistance test

I SRR
SHANHERNEERERE , Xt EE S M BmE Mm%
BEFRYAETL

Test result indicates that the acid resistance of the cylinders
is good and composite material has good corrosion

resistance.



6, HuwidBEEDEHEHE

Extreme temperature and pressure cycle test

SHEAFTAYA , EIEBEFANGCSC N EEFRF4A8/NEITENEBITHEFT AR , N2~
26MPafEEr iz , INEIERFEI R /min. HIEZ MBORBUE7520)R M AMIE. Z 54
SHEZMBZ IR , BREENDENS56.40MPa , SHRE LA R IR,

With the cylinder full of oil, in incubator at constant
temperature 65°C ,for 48 hours to keep their fatigue test ,
loading pressure 2 ~ 26MPa . rate 3 times/min , fatigue loads
up to 7520 times without leaking ,after loading the cylinder
directly to the blasting ,bursting pressure value 56.4MPa ,

cracking of the cylinder’s head .



7. RUBMPBRIRE Crack tolerance test
WS RIREA
A A1 1B HY 7 3% HI RY R BE X R 44558

4ok Z20EEd
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ERENRER , RERIHAENENEIENS R,

The result shows that the defects of outer surface set

by current standard have definite influence on

cylinder strength, and there is not obvious effect.



8, fEuliHE
Dissection test
= NIBHIEAE RN BMELL

B macro-liner crack




> MAERIARY EE

> Shape changing of liner layer




» NIEEESREEXHNIXE Y , FHENHL

m Obvious cracks in liner and the metal joint head

crack




9, SIMEERAREM FISRLK 7 A

Experimental analysis of plastic liner material

QC%DQEWHEM BAR K , SMEF R RS+ IRIB N A 5

The liner material is polyethylene, and outer liner is made of

epoxy resin and glass or quartz fiber.



@ HREMEL70°CE AL AR E AN N BEIRATH50% , EEEA RN
EEETHY34% ;- 20°CRTRYPLHERE AN N EIBEHI1 .04 |
REN A EER24E,

Tensile strength of liner material at 70 °C is about the 50%

of the normal temperature , and modulus is about 34% of
normal temperature. At -20 °C the tensile strength is about
1.6 times of the normal temperature, and modulus is about

2 times of the normal temperature.



® - 20°C~70°CRESE El A N RE A R S 15 4 B Rk R T
SNIBAT IV 1043 8L L

Between -20°C and 70°C the average linear
expansion coefficient of liner material 1s over

10 times of outer refill.



@ SAERASERIEERL, ZHIIEEUR AN
K RBHEERANZ ML ENEESBVES R —F
K—xRE—8HENZELRE  BREZTEESEM ,

m The temperature fluctuation during the using
process of cylinders, inflation and deflation process
and the difference of material expansion

coefficient between inside and outside of cylinders
have influence on the weak part and make it
repeat the deformation process of temperature rise
— expansion — failure — reversal, and deformation
would increase gradually.



n ZRTEHE S E R EE N B R R PR B # % XA R
EFTH X B~ EBAFR KB REMRFARR , X
R R ERZTLRERANTIE,

m After multiple cycles when the deformation
exceeds the deformation limit of the material ,
damage fracture will be occurred and finally lead

to leak failure. It is the process from convex hull to
the crack formation.



10, |SE T CcTR N XL

Industrial CT test of cylinders



SMERNERN48MP2ER, SHEANEARBEME R , AR EEH
B, NEFATRARNENEERETTE, NEEMREZEEER
ZMEE , ERE,

The slice of cylinder at internal pressure of 4.8 MPa
indicates that the outer surface of cylinder liner is
good attaching with inner liner layer and structure
of inner liner is complete. It can be seen that the
thickness of cylinder liner is slightly uneven . The
outer wrapping layer of composite material has
uniform thickness and normal structure.
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T he slice of cyhnder at internal pressure of 2.3 MPa
indicates that the outer surface of cylinder liner is
good attaching with inner liner layer, and structure of
inner liner is complete. It can be seen that the
thickness of cylinder liner is slightly uneven . The

outer wrapping layer of composite material has

uniform thickness and normal structure.
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SIEENEN IMP TSR, SERRMASBE , WEHIE
KB 7SRRI /550 E, BT B AL IV P
BENEBL. AEANNEEERERENES , TRE,

The slice of cylinder at internal pressure of 1 MPa
indicates that the convex of cylinder liner reaches the 1
/ 5 diameter of cylinder, and the deformation is around
the less thickness of the cylinder. The outer wrapping
layer of composite material has uniform thickness and
normal structure.



SBEAEAIMPaTHHFEBNER. SEAFAZAR , A
R E AR T RMARR3/SU L. AREERVEARLY LI
EAREENBEL. NESHMBEREEEREMES ,
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The slice of the middle of cylinder at internal pressure
of 1 MPa indicates that the convex of cylinder liner
reaches the 3 / 5 diameter of cylinder, and the
deformation is around the less thickness of the cylinder.
The outer wrapping layer of composite material has
uniform thickness and normal structure.
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Cylinder ‘s liner with the pressure changes the
situation significantly changes occurred . In the
above internal pressure 2.3MPa , the shape of
cylinder liner to maintain the status quo , and with
the outer layer fit tightly wound strength . As the
pressure to reduce , which may gradually appear
lined with “convex" phenomenon, the extent of this
within the convex body in cylinder before, during
and after the position is different , When the
internal pressure decreased to about 1IMPa, the

inner layer appears obvious " convex " deformation.



EHERESZSHENREEMED N

Safety analysis of in-use vehicle wrapping cylinder



LB CNGESMR S KR BRK 2 2 #T

CNG cylinder failure mode and analysis

EZRMRT

Major failure modes :

> BEKBR, BB (EEMEEER RN )

> Damage of head and batrel (failure of composite

material layer)



> iths ( ZBRAAERRY )

> Leakage (failure of plastic liner)

> SHEREBENRS ( SHAEHRN )
> Looseness of cylinder metal tipped

(failure of cylinder structure )



HptiREREZNAIERR , H¥EREEER :

Leakage is the major failure mode with the

following causes :

> ZBRLA BB FR T ST 17 1E BY R 6
> Pre-existing defects in the plastic liner

> (£ RERRIES B0

> Fatigue damage of the using process



FRERESSHERAZEMNEEZRNR

Main factors affecting the use safety of vehicle
wrapping cylindets

> 2B CNGE M A MAEFT &
> The liner quality of CNG cylinders
> SHEEISNVHRE

> The quality of the cylinder tipped parts



NESRESHMERERHRE

The quality of outer winding layers of the composite

material strength

SRR T E — 3t

The consistency of cylinders molding
SHBERAST R =

The use factors of cylinders




%i@ Conclusions

o L FRESZSHLYRER , ARRBE
(BRBEEE ) BAEREN TR , BSH
BHRZEENLTHSERRENRE,

m After the early using stage, residual strength
of cylinders decreased in varying degrees,
but the cylinder is still under service
conditions.



2. FRSBEZSHNARBEREEE

Z@HWHEE@ KM, RIEERAREE

m The main failure factor of cylinders is the
plastic liner failure, and the following
factors cause liner failure :



« OSHAERRRE , SEAERIE, VY, #
HiRE:

m Quality defects of the cylinder liner, including
liner convex, crack, sealing leaking etc.

s QRSN ERG (SERAY, WL, ik
MinF ) ;

m Damage of the outer surface of cylinder (posture
crack , broken wire , impact pits , etc.).

= @SS REWEHZD;

m Looseness of cylinder metal tipped.




o 3. FIMERESSHREENTIERNRS :

m Main factors affecting the safety of cylinder

= ORERY T B AT SEHE ;

m  The reliability of cylinder liner

n @SB EBV AV B AT ;

m  The reliability of cylinder joints



» QSN NEZENFRBE ;

m Residual strength of winding layer around
the cylinder

» OFEACSEFNEINER (SREHRG.
BE&EHAEF ) o

m Unexpected factors in use (external surface

damage , vibration and impact , etc. )



4 ERSHERESHEEARSTREEFRSD , Sl
NABMEEREERRBSEHVVEMBT,
SHEAABRE, SRRz REERE
FHE , FSRBANSREZRRE , MR
e T SiREAR R AT,

m In the factors that affect the safety and reliability of
the cylinders in use, the failure usually occurs in
the weakness of the cylinders. The issues of
cylinder’s liner quality , structure design quality
and machining quality affect the quality of
cylinder , and affect the safety and reliability of
cylinder.
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Thank you!
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